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Introduction

As science teachers in the 21st century, we stand on the shoulders of many hundreds,
if not thousands, of scientific giants who have gone before us. Never in human history
has so much been understood about the scientific world. Yet, there still remains a lot
that is unknown.

We should open up to students the many wonderful discoveries that have already been
made, and stir in them a desire to continue to investigate and explore those areas of
science that are still not fully understood.

When Newton, Faraday, or Pasteur, were looking at the world and seeking explanations,
they did not have a book that contained all the answers; they used the knowledge they
had to ask questions, to investigate, to try to discover what they did not know. They
were active and life-long learners.

Far too often we permit our students to be passive learners by providing them with
information and asking them to learn it. Education must be active! We must encourage
our students to be inquisitive and searching, particularly in the field of science education,
and empower them to be our partners in the process of acquiring knowledge.

Our hope is that this series of books and teaching guides will help in that endeavour.

Organization of the book

The Science Fact file series provides a well-balanced and organized course in science,
emphasizing the acquisition of knowledge to be used as a guide for intelligent behaviour
in daily life. It is not only a collection of facts about the world around us; the content is
focused on the acquisition and understanding of general concepts which are developed
using problem-solving methods.

About the Teaching Guide

Science Fact file Teaching Guides 1, 2, and 3 have been written to promote and support
effective science teaching. Suggestions for teaching procedures are provided for each
unit, and answers for questions and solutions for exercises and problems are supplied.

Background information

This section will prove very helpful as it explains the scientific knowledge necessary
to teach a particular unit.

Unit introduction

Below are some of the ways in which a unit can be introduced. Most of them can also
be used to tackle new problems within the unit.
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Introduction

1. Ask questions about the students’ experiences in relation to the unit.

At the start of a new unit, it is vital to find out what knowledge (and misconceptions!) students may already
have. This can give rise to questions which will be answered during the unit. Ask questions such as: Have
you ever seen.....7 What did it look like? Have you ever made a ...? Have you heard about...? Have you
ever watched someone ... ?The purpose of these questions is to obtain some facts from the students’ past
experiences.

While questioning, the teacher should bear in mind that the purpose is not to obtain correct answers; it
is to find out what the students know and how they think. Another purpose is to get the students to ask
their own questions. As the discussion progresses, the main points of the answers can be recorded on the
board. Any questions that cannot be answered should be written on the board under the heading ‘Questions
we cannot answer’. The students can then read the text to check their responses and also find answers to
their questions.

2. Using pictures

Pictures make it possible for the students to learn indirectly from other people's experiences. Students
should be encouraged to study the pictures on the opening pages of a unit. To provide help to develop the
concept, several thought-provoking questions should be asked about the pictures.

3. Reading and discussion

Reading is a necessary and desirable activity for learning science, but too often it is the only activity. This
is probably because reading is the method most familiar to teachers, who feel more at ease when using
it.

Groups can be formed in different ways, but this will affect how an activity is planned. If each group has
a strong scientist, this person can take the lead and support the other group members. Alternatively,
differentiated assignments and scaffolding can help strong and weaker groups to get the most out of the
activity. Both approaches can and should be used, but both require the teacher to assign the groups. If
students choose their groups, the teacher will not know in advance what the groups will be like, so he/she
will not be able to design the activity accordingly.

4. Experiments and observations

Though science concepts are best developed through first-hand experiences, sometimes, it is impossible to
provide experiments that are simple enough for secondary level students, or they require laboratory facilities
far beyond the resources of the average school. It is equally impossible to organize actual observations of
all living things in their natural habitats. However with careful preparation, it should be possible to provide
students with some opportunities to carry out relevant and meaningful practical work.

These can be the experiments given in the book and/or those provided by the teacher. The purpose is to
explore phenomena that require explanation. There are various ways in which the teacher can use the
experiments and observations, depending on the time and materials available, and the size of the class.
Ideally each student should do his/her own work; but this is not possible in all schools. Satisfactory results
may be obtained by having different groups perform the experiments and make observations. However,
the teacher should make sure that each student has an opportunity to work within a group. If an activity
takes several days to prepare or carry out, the group should be selected in advance by the teacher.

Before any experiment or observation is performed, ask questions such as: What is the purpose of this
experiment? What are we trying to find out? Why?This is effective as the teacher can discover from the
answers whether the students understand what is going to be done.

When the results have been observed and recorded, ask what was done in the experiment and what
happened. Do the results answer the questions posed at the start of the experiment? How do they explain
what happened?
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5. Field trips

Another means to provide opportunities for first-hand observation is through field studies. To decide what
to observe and what questions to ask, the teacher should first study the unit thoroughly, then find out
what first-hand information is available to help solve problems raised in the unit. Make a list of the things
that can be seen and the questions that can be asked. Then take the students on the trip and have them
make their observations. When they return to class, ask questions that bring out the observation, and call
for explanation of those observations.

How to use this Teaching guide

Please do not see this guide as the definitive or only way in which to present the material in the book. You, as
a teacher, know your students best, so use this guide to help you plan lessons that they will find interesting
and exciting.

Also remember that the text book contains only some of the information on a given topic. Do not be afraid to
extend your students’ learning experience by supplementing the work with other resources that you might
have access to.

Each chapter of the guide corresponds to a chapter in the textbook.

Lesson Plans — For each unit there is a series of suggested lesson plans based on a 45 minute lesson. These
can be used as a basis for planning your lessons based on the resources and time allocation in your school;
the timings mentioned are purely as a suggestion. Do take the time to make the plans according to your
requirements.

Worksheets — Photocopy-able masters are referred to in the lesson plans; use these to supplement and extend
the work presented in the textbook. Conduct experiments that can be carried out throughout the unit, there
are also suggestions for investigations that can be conducted. The idea of the investigations is not to ‘give’ the
students the experimental procedure but to encourage them to use their existing knowledge and understanding
to draw up a plan and then carry out and evaluate their own experimental procedure.

Answers — These provide, where possible, the expected results of any activity and answers to any questions
in the units, including the Test yourself section. They also contain answers to questions in the workbook.

Finally, a word about what we would like to achieve through this course. Our aim is to give students information
about themselves and the world they live in, upon which they can base opinions, derive judgments, and
determine courses of action in later life. We certainly do not see our suggestions as mandatory. \We hope they will
supplement and support the teacher’s own professional practice. After all, no book can replace a good teacher!
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Chapter

Science skills

UNIT FLOW CHART

Science is everything about us

/

Scientists observe and record results

'

Scientists use instruments to make measurements

'

Scientific information is recorded in the form of data

INTRODUCTION

The purpose of this chapter is to introduce students to science. Your task is to help them
discover how interesting, and FUN, science is. This will not be achieved by only reading
from a textbook and filling out worksheets, but by offering many different activities in
the classroom and in the lab where students can experience science hands-on, and by
relating science to everyday life. When most of your students enjoy science lessons,
they will be more cooperative, which makes your role more rewarding too. So investing
time in carefully planning what your students will be doing during each lesson will be
worth your time.

After discussing what science is and what branches of science exist, we will look at
how to take measurements and some strategies that can be used to improve accuracy.
We wiill look at how to plan an investigation and show some ideas on how to handle
data and present them in the form of graphs. Please continue to apply these ideas
throughout the year, whenever your students are involved in an activity.

A word of caution about any experiment where students dissolve sugar:
Please be aware of two things.

First, some of the sugar solution will spill and leave an incredibly sticky mess which is
difficult to clean up.

Second, if you are considering an investigation into how much sugar can be dissolved
at various temperatures, rather than how fast it will dissolve, be aware that 1 litre of
water at room temperature will dissolve 2 kg sugar, and that the solubility increases
rapidly with temperature, reaching around 5 kg in 1 litre of water at 90°C. Using common
ingredients to link science to students’ life is usually a good idea, but think carefully
before using sugar!
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Pages 2-4

OBJECTIVES

e To enable students to carry out a scientific
investigation with due regard for health and
safety

LEARNING OUTCOMES
The students should be able to

e differentiate between major fields of science.

e work safely with due regard for the potential
dangers arising from their work.

START (20 min)

Ask students for words or sentences which they can
associate with ‘science’ and write them on separate
post-it notes. They can try to write a definition,
but just words or ideas would be fine. Examples
which may come up are ‘experiments’, ‘chemicals’,
‘laboratory’, etc. Group together similar concepts
and see if any contradict each other. Discuss your
findings, but avoid going into ‘right’ or ‘wrong’. If
students press you for answers, put it back to them
by saying things like "What do you think?’ or "We
will answer this later in this chapter’. This activity will
show you what they already know about science and
may identify misconceptions. You can often start a
new topic by doing an activity like this.

MAIN ( 20 min)
e Study pages 2-4.

Definition of science: Science has many
definitions, some of them very simple and some
that are so complex that they are difficult to
understand. Most definitions agree that science
is a ‘'systematic study’ and that the study aims
to improve people’s understanding of the world
around them.

e Lab safety

In order to be able to do hands-on experiments
with your students, you need to be fairly confident
that they will behave sensibly in the lab. It is
impossible to cover all behaviours in a code of
conduct for the lab, but the most obvious actions
(which to do and which to avoid) can be written
down.
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e Please allow students to consider which
behaviours would be wise and unwise in the
lab and ask them to sign the document once it
is finished. For suggestions on safe and unsafe
behaviour, students can consider the drawing on
page 4.

e Hand out worksheet 1-1. Use the 'think-pair-share’
approach: ask students to write down what they
think science is. They can then discuss their ideas
with their neighbour and then with a group, and
the groups can report to the entire class. It is
almost certain that they do not know all these
fields of science. Again, start with what you know
and then see what is left. Discuss with others.
If IT is allowed in the classroom, they can use
the internet. It is also possible to complete this
at home.

PLENARY (5 min)

Discuss this lesson with your students. Ask them
what they learned and what they expect to learn in
the future.

HOMEWORK
Complete the matching exercise on worksheet 1-1.

Pages 5-7

OBJECTIVES

e To enable students to carry out a scientific
investigation with due regard for health and
safety

LEARNING OUTCOMES
The students should be able to

e take measurements accurately using appropriate
apparatus.

START (15 min)

This is the lesson where good lab habits start. Ask
students what kind of investigation they would do
if they were given a fully-equipped lab. Someone
is likely to suggest that they mix some chemicals
together and see what happens. It is important to
take the time to discuss this. \Why is this not science
and not safe? It is important that they understand that
science experiments are planned and controlled and
that the scientist has an expectation, grounded in



knowledge, and that almost all experiments involve
some type of measurement.

MAIN (25 min)

e Use pages 5-6 of the Student Book and
worksheet 1-2 to familiarize students with the
relevant equipment. Reading a graduated cylinder
takes a bit of practice but it is also important to
check if students are comfortable with all the
other measurements described.

e The scientific method: The 'systematic’ approach
of science is called the 'scientific method'. In
worksheet 1-2 students are asked to put the
components in the correct order. Hint: one
component has an arrow and one has a plus sign.
These are kept in the students’ diagram to help
them get started.

e |t is helpful if students realize that using a
100 cm® measuring cylinder to measure 5 ml is
not going to be accurate. Please make sure they
understand that beakers are NOT to be used for
measuring volume.

e Please note that the Kelvin temperature scale has
no ‘degrees’ symbol; so 273 K and not 273°K.

PLENARY (5 min)

Ask students to think how they would measure very
large or very small things.

HOMEWORK

Read pages 5-6 and answer the Test yourself
questions on page 7.

Pages 7-9

OBJECTIVES

e To enable students to carry out a scientific
investigation with due regard for health and
safety

LEARNING OUTCOMES

The student should be able to

e carry out appropriate calculations.

e present the results of an investigation in an
appropriate way.

In this lesson your students will work with data
and data presentation (i.e. making graphs). If your
students are already familiar with this and you have

Chapter 1| Science skills

an IT teacher in school, you could choose to co-teach
this with IT by using Excel spreadsheets. Check with
your colleague if this works in your school.

START (10 min)

Follow up from last lesson’s PLENARY. You could
choose to turn the problem around initially and ask
how they would find out the weight of a brick wall.
(Weigh one brick and multiply it by the number of
bricks. Be aware that this does not include the weight
of the cement.). Or you could ask how to find out the
weight of the cargo of soft drinks on a truck. (Weigh
one bottle, multiply by the number of bottles; again,
this does not include the weight of the crates.)

MAIN (25 min)

¢ Read page 7 of the Student Book and, if possible,
perform this experiment. Grains of rice differ in
size so you may get a different result from the
book.

e Then get students to take their pulse. They are
likely to need help finding the right spot on their
wrist or neck. Once they all feel their pulse,
you tell them to ‘start’. After 20 or 30 seconds,
tell them to 'stop’ and ask them to write down
their results and then convert them to a rate per
minute.

e A bar chart can show how data change over
time, while a pie chart, for example, does not
show this. The exercise shows how data changes
over one year and asks students to analyze the
reasons for the changes. It is likely that students
will need some guidance working through this
problem.

PLENARY (10 min)

Ask students what kind of data they think they could
collect to draw a bar chart.

HOMEWORK

Read pages 7-9. Answer the Test yourself questions
on pages 8 and 9 of the Student Book.

Page 10

OBJECTIVES

e To enable students to carry out a scientific
investigation with due regard for health and
safety

OXFORD e
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LEARNING OUTCOMES
The students should be able to

e carry out appropriate calculations.

e present the results of an investigation in an
appropriate way.

If possible, co-teach this lesson with the IT
department, using Excel. It is a great skill for students
to have, but may take more than a lesson to learn.

START (10 min)

Students will be drawing line graphs. Please stress
the need for accuracy (sharp pencil, ruler). Also
discuss the different types of graphs and when to
use them.

MAIN (25 min)

e Ask your students to read page 10 of the Student
Book and take a close look at the line graph. How
does a line graph differ from a bar chart? (A bar
chart may have categories or intervals on the X
axis; a line graph has numbers.)

e The first exercise on worksheet 1-4 about
extending the spring provides the context
and data for students to plot. It includes the
steps needed to change a table into a graph,
including the understanding of the dependent
and independent variables. The grid next to the
data table given in worksheet 1-4 is of suitable
dimensions. Depending on your students’ skills,
you may want to give them some graph paper,
so they need to decide the lengths of their axes.

e The second exercise about the temperature in
cars also provides the context and data. Again,
the grid next to the data table is the correct
dimensions for plotting the graph. Please check
that students go through the same process as
for the previous exercise.

* |nthe third exercise, your students should convert
the data about the sandwiches into a pie chart.
The pie chart is already subdivided into the right
number of sections so they only need to colour
them. Again, you can ask them to draw a circle
and do the task without these hints.

PLENARY (10 min)

Go over the types of graphs students have seen
and when to use which graph. Sometimes, it is
possible to plot more than one type of graph from
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a set of data. It is then important to consider what
you want your graph to show best. The pie chart
given in worksheet 1-4 shows which sandwiches
the customers preferred at 9:00. If you collected the
same data at noon and at 17:00, you might want to
show how the preference changes in a day and use
a bar chart.

HOMEWORK

Read page 10 of Student Book and answer the Test
Yourself questions on page 10.

Pages 11-13

OBJECTIVES

e To enable students to carry out a scientific
investigation with due regard for health and
safety

LEARNING OUTCOMES
The students should be able to

e present the results of an investigation in an
appropriate way.

START (10 min)

It is important that students realize that critically
reflecting on how your experiment went is important
for you to learn and for others who may want to
investigate something similar. There is always
something to improve and/or to investigate further.

MAIN (25 min)

e Use worksheet 1-5 for a list of components of
a full lab report. Ask students to consider the
questions individually for a few minutes before
they discuss them in small groups. Ask them
to complete the first set of questions before
starting on the second.

PLENARY (10 min)

Ask students what was the most difficult part of
what they were asked to do and how they resolved
any difficulties.

HOMEWORK
Workbook page 5, Question 9



Worksheet 1-1 \%‘j Chapter 1| Science skills

1. What is science?

Science is

2. You are most likely familiar with the three main fields of science: biology, chemistry, and physics. Write the
correct field next to the correct description in the table below:

the study of life and living things

the study of matter and its properties

the study of matter and energy and their interactions

3. Look at the Contents page of your Student Book to see the names of the chapters. Identify which chapters
would be biology, chemistry, or physics. If you are not sure, have a look at the first page of the chapter to
find more information. Write the branch of science beside the title of the chapter in the table below.

Chapter No. | Title Branch of science
Chapter 1 Science skills

Chapter 2 Life and living things
Chapter 3 Acids and alkalis

Chapter 4 Energy resources

Chapter 5 Simple chemical reactions
Chapter 6 Electrical circuits

Chapter 7 The environment

Chapter 8 Particles

Chapter 9 Forces and their effects
Chapter 10 Variation and classification
Chapter 11 Solutions

Chapter 12 The solar system

oxrorn @
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4. There are many fields of science within and between these main fields. Match the field to its description.

astronomy

the study of prehistoric life

biochemistry

the study of the oceans

botany

the science used to solve crimes

ecology

the scientific study of space

ethology

the study of organisms and their
environment

forensics

the study of animal behaviour

genetics

the study of animals

meteorology

the study of chemical process in living
things

oceanography

the study of hereditary traits

paleontology

the study of plants

pharmacology

the study of the atmosphere, including
weather forecasting

zoology

the study of the effects of medicines

OXFORD
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Worksheet 1-2 "% Chapter 1| Science skills

1. One of the most important characteristics of science is the use of the scientific method. It is a method of
approaching problems that scientists have shown to be very effective. The scientific method has a number
of steps which are taken in a certain order. Can you work out what the correct order is?

The steps are:

e conclusion e experiment e hypothesis e observation
e guestion e research e results + analysis
+
=

a. What do you need to do before you do an experiment?

b. When you are carrying out an experiment, what do you need to do?

c. When you are measuring something, it really helps if everyone uses the same units. If your height is
1.50 m and your friend is 4'11" who is taller? So scientists have agreed on a number of units which we
all use. They are explained on pages 5-6 in your Student Book. Use this information to complete the
table below.

What are you measuring? | Which instrument do you use? | What units could you use?

length

volume

mass

temperature

time

— )
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d. Record the measurements of the objects below. Remember to include the correct units!

e How long is your pencil?

e What is the length and width of a paperclip?

e. When you want to read the level of the liquid in a measuring

[TTTT

cylinder, you need to remember two things. <oy,

. L L : Teag~~ -
First, the surface of the liquid is not flat: it is higher at the sides m;c’:f”nu =~ /L v
than in the middle. The cylinder is designed so that the lowest <§ of volume B~ >

-

part of the surface (called the meniscus) shows the correct -~
volume. A—:@‘““*‘

Second, make sure your eye is level with the surface of the liquid.
The picture shows you what happens if you look down or up.

[l||||‘\l\|l,
I
i

What is the volume of the liquid in this measuring cylinder?

ml

f.  Although there are many different ways of measuring an object’s
mass, many schools have scales that look like the one in the
picture. How much does the envelope weigh?

gms

g. Both analogue and digital stopwatches are used and they come in
many shapes and colours. Digital stopwatches are more common
in school labs.

What is the reading on the digital stopwatch?

m sec

UNIVERSITY PRESS
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Worksheet 1-3 "% Chapter 1| Science skills

1. Your heart rate is expressed in beats per minute. You can feel your heartbeat in the arteries of your wrist or
near your neck. Use two fingers to locate the precise point on your wrist or neck. Do not use your thumb
because the thumb itself has an artery and you may count both.

When all students have found their pulse, the teacher will say ‘start’ and you will start counting your
heartbeats—in total silence please. It is easier if you do NOT look at your classmates. WWhen the teacher
says 'stop’, immediately record your results below.

/A( y » X

| counted heartbeats in seconds.

Now you need to convert it so that you have a value for 1 minute (60 seconds).

My cardiac frequency is beats per minute.

Data handling

Once you have taken measurements in your experiment, you have collected data. Rather than describe it all
in long sentences, you want to turn it into snappy data: tables and graphs.

Read page 9 in your Student Book and take a good look at the bar chart. Answer the questions on page 9.

2. You have done a survey to show what the people in your class had for breakfast, and these are your results:

Food Number of people
cereal 15
toast 7
€egg 2
nothing 6

—)
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Draw a bar chart like this one to show your results:

| What Class 7B ate for breakfast

Use a sharp pencil,
and a ruler when you
10 draw straight lines.

Label to show
what the numbers
mean.

Number of people

Always use
graph paper.

Evenly spaced
numbers.

Cereal Toast  Nothing Egg

This label says what kind

of things the bars show. Food

3. Draw bar charts to show the results of these surveys.

a. Number of plants in a lawn

Plant Number
daisy 10
buttercup 7
clover 20
thistle 2

@ OXFORD
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Chapter 1| Science skills

b. Colour of cars on road.

Colour Number of cars
black 12

white 10

blue 8

red

4. Carry out your own survey to find out the following information and draw bar charts to show your results.

A. How the pupils in your class travel to school.

B. How many brothers and sisters pupils in your class have.

Method of transport

Number of people

Student

Number of siblings

Brothers

Sisters

—)
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Worksheet 1-4 '\%

1. Line graph
For a line graph, you simply plot all data points and connect the dots. A line
graph can be used when all your data are numbers (and not months of the year
or names of people). As you are drawing a line between your points, you need
to be confident that if you had taken a measurement at that point, the results
would have been on this line.

Sarah wanted to find out how much a spring would extend under different forces.
She did this by attaching different weights to the spring, and recorded her data
in the table.

You need to draw a line graph of these data by going through the following steps.

a. Drawing a graph
1. Decide which data go on which axis.

Before starting her experiment, Sarah decided she was going to use the weights to give her forces
of O N, 1T N, etc. So this variable was independent of Sarah's measurements—the independent
variable. The independent variable always goes on the X-axis. (It is usually, but not always, written
in the first column of a table.)

That means that the length of the spring goes on the Y-axis. This is the variable Sarah measured
and it depended on the force she put on the spring—the dependent variable.

2. A small graph is more difficult to plot and to read than a large one. But make sure the spaces
between the numbers are correct. For example, if your values are 1, 2, 19, 20, the space between
2 and 19 cannot be the same distance as between 1 and 2; it needs to be proportional.

Label your axes. You need to tell people what they are looking at. Please include the units.

4. Use a sharp pencil to put a cross accurately for each set of data. If you make a mistake, erase it
carefully. Only plot the point (0,0) if it really exists—in this graph, it does not.

5. Each graph should have a title which tells people what your graph shows. Look at the labels of your
axes. Your experiment showed what the effect is of the changes of the independent variable (your
X axis) on what you measured (your independent variable—the Y axis).

Force (N) Length (cm)
0 5

10

15

21

26

32

36

41

NiojalhlwWwIN|—
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Chapter 1| Science skills

b. Two sets of results

Sometimes you might want to put two sets of results on your graph so that you can compare them.

Knowing that white reflects more light than black, Mariam wanted to know if black cars become warmer
in the Sun than white cars. She arranged for two cars to be parked next to each other in the parking lot
and put a thermometer in each. She went to read the temperature every hour and collected the results

shown in the table.

Plot a line graph, including the data for both cars. Please check all the steps decribed above to ensure

you do not forget anything.

. Temperature (°C)
Time (hours) -
black car white car

0 15 15

1 20 19

2 25 23

3 30 27

4 35 31

5 40 35

Ask your neighbour or lab partner to check if you have covered
all the steps before asking your teacher.

2. Pie chart

sandwich

tally

total number

A sandwich shop wants to know if customers

chicken

prefer different sandwiches at different times of
the day, so they noted down the first 10 orders

cheese

after 9:00 in the morning.

€99

beef

This is what they sold:

fish

cheese, chicken, egg, fish, beef, chicken, chicken,
cheese, chicken, egg, beef.

Now you want to draw a graph from your data. Because
you want to show that chicken sandwiches are the most
popular at 9:00 in the morning, you choose a pie chart.
It shows which part of the whole each section is. Use
the table to show the results. Choose a different colour
for each type of sandwich.

OXFORD @
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Worksheet 1-5 '\r—f‘j

Earlier, we briefly mentioned the scientific method as the way scientists work. This means that you will also
follow this method when you do an experiment. At first, your teacher will have done some of these steps for
you already, but you will have to write it all up in a report.

A standard lab report has several sections you need to cover. You may do some very different investigations so
it is a good idea to ask your teacher which parts need to be included in your report.

1. Title

Your research question usually makes a good title. Make sure it is specific enough. For the experiment
described on page 11 of your Student Book, the question '‘Does sugar dissolve in water?’ is not very good.
A better title would be: ‘Does sugar dissolve more quickly in hot water than in cold water?’

2. Hypothesis

What do you think the answer to your question will be and why do you think this? You cannot make up just
anything—you need to refer to something that you have read or learnt from a credible source.

3. Materials and method

It is a good idea to list all the materials used first and then write down the steps of the experiment. The
purpose is to allow someone else to repeat your experiment and get the same results. After you have
done both, check if the use of all the materials you listed is described in your method and then check if all
materials mentioned in your method are listed.

4. Results

Write down your raw results—usually in a table. Then do the necessary calculations. You may have to
calculate how much the spring stretched by subtracting the original length from the length you measured
when a weight was attached, or you may need to calculate a percentage.

5. Graphs
If you can plot graphs from your data, do so.

6. Conclusion
Go back to your research question. Can you answer it? How does the answer compare to the hypothesis?

7. Reflection
If you had to do this experiment again, what would you do differently?
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Chapter 1| Science skills

A lab report needs to show you carried out your investigation well, but also that you understand your results
and can analyze them. It even shows that you can reflect on your own work. All of this will take some time to
write down, so do not expect to be able to write a full lab report in 15 minutes.

a. What could be a research question for the first experiment of worksheet 1-4?

b. What could be a hypothesis for this experiment?

c. What would be your conclusion from this experiment?

d. What could you do differently?

e. What could be a research question for the experiment about the black and white cars?

f. What could be a hypothesis for this experiment?

g. What would be your conclusion from this experiment?

h. What could you do differently?

—)
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Chapter

Life and living things

UNIT FLOW CHART
Characteristics of living things
}
Living things are made up of cells
}
Special cells perform special jobs
}
Cells, tissues, and organs
}
Organ systems of a human being
}
Organ senses
INTRODUCTION

As with most of the material in science, students would have come across some of
it in their daily lives. This is a link to strengthen. We all know it is easier to remember
new information if we can link it to what we already know; therefore it is wise to make
use of students’ existing knowledge.

The time when schools existed in isolation, and 'real life" was carefully kept away from
what was learnt at school, is long gone. ‘No school is an island’ so please link your
teaching to the students’ everyday experiences.

This chapter is about life. Students will be able to sort most things into ‘living” and
‘non-living’ quite easily, but it might be harder to work out what is at the basis of their
decisions. This could be an interesting discussion to start off the chapter.

There is no substitute for the hands-on work students do in the lab. They enjoy doing
experiments and it will increase their interest in science, which usually makes them
easier to teach. We teach the scientific method and this makes a lot more sense if
students actually carry out experiments. Some of you will teach in schools with limited
resources where you have no choice but to find alternatives to experiments, but many
of the experiments or activities in this book can be done in classrooms or outside with
very simple equipment.

UNIVERSITY PRESS
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Pages 16-18

OBJECTIVES

e to show that all living things have similar
characteristics and are made up of cells

LEARNING OUTCOMES

After this lesson, students should be able to:

e state that all living things share the same
characteristics.

e name the 7 characteristics of life.

e outline each characteristic.

e give an example of each characteristic in plants
and animals.

START (20 min)

The teacher should have a projector and screen.
Students should have a (shared) pc/laptop/tablet/
smart phone. If these resources are not available,
printed slides can be used to start a discussion.

Go to the link https://share.nearpod.com/
vsph/6G39955wpF . Go through the presentation
and ask students to answer the questions.

Answers should be selected and shown by teacher.

Ask students their reasons for their choices but
do NOT give a ‘correct’ answer. Encourage class
discussion but do NOT come to a conclusion.

or

Start the lesson by asking the students to think of
any animal they know, such as cats, dogs, frogs,
birds, fish, spiders, crabs, etc. Ask them to identify
one thing that all these animals can do. Probably
the first thing that they would think of is that they
can all move in some way. They can walk, crawl, fly,
or swim. Ask students if they know of animals that
cannot move. Explain that some animals, such as
sponges and corals, do not move from place to place.
However, they can move some parts of their bodies.

MAIN (15 min)

¢ Read pages 16-18 from the Student Book. Explain
that a way of remembering the life processes is
the acronym MRS GREN, Movement, Release
Energy, Sensitivity, Growth, Reproduction,
Excretion, and Nutrition.

Chapter 2| Life and living things

e Hand out worksheet 2-1 to the students. Finish
it for homework.

PLENARY (5 min)

Discuss why each of these characteristics is
necessary. What would happen to a plant or animal
that could not move, release energy, sense and
respond to stimuli, grow, reproduce, excrete, or eat
(nutrition)?

HOMEWORK
e Finish worksheet 2-1.

e Answer Test yourself questions on page 18 of
the Student Book

Pages 19

OBJECTIVES

* to explain how organisms are constructed from
cells, tissues, and organ systems

LEARNING OUTCOMES
After this lesson, students should be able to:

e explain that all living things are made of cells.
e l|abel the parts of the microscope.
e focus a microscope.

START (10 min)

e Display a picture of a cell or refer to the pictures
on page 20 of the Student Book.

e Ask a student to write on the board: All living
things are made of cells. Ask another student to
write on the board: Most cells are smaller than
0.1 mm.

e (Calculate the following with the students:

If you were a cell, how big would one of your
classmates be?

Example:

The studentis 150 cm = 150000 mm. The (plant)
cellis 0.1 mm.

The student is 150000 / 0.1 = 1500000 times
larger than the plant cell.

If the cell were as large as the student, then his/
her classmates would be 1500000 times larger
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than they are now. They would be 2225000 km
tall. That is more than halfway to the Moon!

This shows how very small even the largest cells
are.

MAIN (30 min)
¢ Read page 19.

e Take the students to the laboratory and show
them a microscope and hand lens. Show them
slides of different kinds of plant and animal cells
and microscopic organisms like the amoeba and
paramecium. Help the students to practice and
acquire skill in using a microscope.

e |f microscopes are not available, use the internet
as an alternate option. Search for ‘'microscope
animal cell’ and show the students the differences
between animal and plant cells.

e Hand out worksheet 2-2.

PLENARY (5 min)

Ask students which part of the microscope they think
they will use most.

HOMEWORK

e Answer Test yourself questions on page 20 of
Student Book.

e Complete tasks from Workbook page 11.

Pages 20-21

OBJECTIVES

* to explain how organisms are constructed from
cells, tissues, and organ systems

LEARNING OUTCOMES
After this lesson, students should be able to:
e draw a generalized plant cell and animal cell

(cell membrane, nucleus, cytoplasm, cell wall,
chloroplasts, vacuole).

e st the differences between plant and animal
cells (as seen with the light microscope).
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START (10 min)

¢ Remind students that all living things are made
of cells.

¢ Remind students that we need a microscope to
see cells.

MAIN (30 min)

e Give students microscopes and one or two
prepared slides of plant and animal cells.

e Ask them to draw what they see on worksheet
2-3.
e Complete worksheet 2-3.

PLENARY (5 min)

Discuss the different structures found in plant and
animal cells and the functions of each structure. This
can be done in a plenary discussion or by asking
students to answer questions on slips of paper/card.

HOMEWORK
e Answer questions on page 21.
e Complete tasks from Workbook page 8.

Pages 21-23

OBJECTIVES

e to explain how organisms are constructed from
cells, tissues, and organ systems

LEARNING OUTCOMES
After this lesson, students should be able to:
e describe the levels of organization (cells, tissues,

organs, organ systems, organisms) and give
examples of each.

e describe the relationship between the structure
and function of nerve cells, epithelial cells, pollen
grains, and red blood cells.

START (10 min)

Revision
Play the link below.

https://www.youtube.com/watch?v=-zafJKbMPA8

Discuss the information that is given and relate it to
what was learnt in the previous lesson.



MAIN (25 min)

STRUCTURE AND FUNCTION

e Have a number of objects ready, for example,
a fork, a spoon, a knife, a cup, and a plate. Ask
students which item they would choose if they
wished to drink tea. What about cutting a piece
of bread? Obviously, students will drink tea from
a cup and slice bread with a knife. Ask them
why they made their choices. There will be
different answers, but they will have in common
a relationship between the structure of the item
and the function for which they need it. Students
are unlikely to actually say this, so the teacher
may have to provide some guidance.

e Then ask students to give other examples where
shape relates to function, and extend it to include
the structure of the material. For example, we do
not wear Styrofoam (a great insulator) to keep
warm because it is not flexible. (It could be used
to insulate houses but it is dangerous in case of
fire.)

¢ Now ask students to write and/or draw a part of
a living organism where the structure supports
the function. Examples could include the gills of
a fish (large surface for getting oxygen from the
water), the splayed feet of camels (large surface
area so they do not sink into the sand too far),
the long snout and tongue of an ant eater (which
allows them to get ants from deep inside their
nests), etc.

e Transition to the different functions of cells and
their different shapes. Refer to page 21 of the
Student Book and worksheet 2-4.

LEVELS OF ORGANIZATION
Go over pages 22-23 and worksheet 2-4.

Discuss how different organs work together in an
organ system.

If desired, connections between the systems can
be considered. For example, the respiratory system
gets oxygen into the organism but the circulatory
system takes it to where it is needed, e.g. muscles.

PLENARY (10 min)

Check if students have understood the relationship
between structure and function by referring to their
writing/drawing. Ask students to explain where
appropriate.

Chapter 2| Life and living things

HOMEWORK

Answer Test yourself questions on page 22 of
Student Book.

Complete tasks from Workbook pages 9 and 10.

Pages 24-28

OBJECTIVES

to extend students’ knowledge of their sense
organs

LEARNING OUTCOMES
After this lesson, students should be able to:

identify the five sense organs.
describe the structure of the eye, ear, and skin.

explain how the eye, ear, skin, tongue, and nose
detect changes in the environment.

describe how these changes are interpreted by
the brain.

START (10 min)

Ask students to list the characteristics of life.
Once all have been listed, focus on ‘sensitivity”. In
order to stay alive, it is important that an organism
can respond appropriately to its environment.

Ask students to list some examples, such as:
running away from danger, smelling food, seeking
a sheltered place and producing more body heat
when it is cold, growing towards gravity (roots)
or towards light (stems), etc.

In order to respond to the environment, the
organism must be aware of its environment, such
as feeling the cold or smelling the food. For this,
mammials, including humans, have sense organs.

MAIN (30 min)

Ask some volunteers to sit with their eyes closed.
Ask them to identify the stimuli (given below)
to which they are exposed, but avoid giving
answers unless asked. Ask students to whisper
their answers to a classmate who will write them
down.

¢ Hold something with a strong smell near
them, e.g. perfume on a tissue or a strong
smelling fruit like a peeled banana.
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e Ask them to hold their nose and give them a
small amount of cinnamon to taste (no more
than % teaspoon to avoid choking). Then, still
holding their nose, give them a sip of juice or
sweet tea.

e (Create asound, e.g. tapping a glass, playing a
note on a recorder, or using a ring tone from
a mobile phone. Ask them to indicate where
the sound came from.

e Rubanice cube over the back of their hands.
Touch either one hand or both, with either
one or two fingers.

e Ask students to open their eyes and look at
a picture, e.g. a red square or a tree.

Discuss the students’ answers. Most likely, the
following answers will be given:

e They correctly identified the smell of the
perfume or banana.

e They most likely did NOT taste the cinnamon
(it has a smell but no taste!) but did taste the
sweet drink.

e They were able to identify both the sound
and the direction from which it came.

e They felt the cold ice cube and should be able
to tell you how many touches they felt.

e They saw the picture and could describe it.

Based on this activity, ask students to list the
human sense organs (eyes, ears, tongue, nose,
and skin). This can be done on a poster with
appropriate drawings.

Divide the class into 5 groups. Teachers are
advised to select these groups themselves.
They may put the strong students together
and give them a more difficult task while the
teacher spends most of his/her time helping a
group which needs more support. Alternatively,
stronger students can be divided between the
groups so they can help the others in the group.
Do not let students choose groups: teachers
cannot predict the groups and that is not helpful
when you are preparing the lesson.

Give each group one sense organ to investigate.
Ask them to prepare a poster and a 2-3 min
presentation and a handout with the key points
for their classmates. The Student Book (page
24-28) is a good starting point but more details
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are required, including structure, function, and
how the information is processed by the brain
for appropriate action.

PLENARY (5 min)

Each group briefly shares its planning on what type
of information they will present and how they plan to
find it. This can be directed by the teacher (e.g. you
must include at least one website and one library
resource) as appropriate.

Inform the students that they either have to prepare
this at home for the next lesson, or that they have
the next lesson to prepare, and they will present in
lesson 6.

HOMEWORK
Research the allocated sense organ.

OBJECTIVES
e to extend students’ knowledge of their sense
organs

LEARNING OUTCOMES
After this lesson, students should be able to:

e describe the structure of the eye, ear, and skin.

e explain how the eye, ear, skin, tongue, and nose
detect changes in the environment.

e describe how these changes are interpreted by
the brain

START (5 min)

Decide on the order of the presentations mentioned
in lesson 2-5.

MAIN (30 min)
Presentations

PLENARY(10 min)

Ask students to identify the best part of preparing
their presentation.

Ask students to identify the best part of each
presentation. Please try to avoid negative feedback
from anyone. Giving negative feedback is not the
aim of this peer appraisal and should never be done
in public.



Worksheet 2-1 45

Chapter 2 | Life and living things

1. Read pages 17 and 18 of your Student Book . How many characteristics of life are given?

Can you match the words below to the characteristics given in your textbook? Write each word in the correct

place.

excretion growth

movement

nutrition

release energy

reproduction sensitivity

characteristic of life

animals

plants

running away from danger

growing towards light

food

flowers closing at night

smelling or hearing danger

sense light (and growing
towards it)

from an egg into a chicken

from a seed into a tree

babies, young

flowers are pollinated and
produce seeds

urinating, breathing out
carbon dioxide

plants excrete oxygen

eating

plants make their own food by
photosynthesis

2. Write the first letter of each characteristic in the small column. When you read the letters down, what is

the name of the woman?

3. Which characteristics from Question 1 do you see in each picture? Name as many as you can.
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Worksheet 2-2 ,‘% Chapter 2 | Life and living things

All living things are made up of cells. Almost all cells are very small and cannot be seen by just looking at
them. We use a microscope to see cells.

In order to work well with a microscope, it is helpful to know what the parts are and their functions.

Use the words from the word bank to complete the sentences below. Some words are used more than
once. Read page 19 of your Student Book if you need some hints.

coarse focusing knob fine focusing knob stage
diaphragm mirror stage clips
eyepiece lens objective lens turret

a. You look through the

b. The quickly changes the distance between the objective lens and the stage.

c. Light microscopes often have more than one which provide different
magnifications.

d. The microscope slide is placed on the

e. The directs light through the slide.

f.  Objective lenses can be rotated into place. They are attached to the or nose
piece.

g. The changes the distance between the objective lens and the stage slightly

to enable you to focus exactly.

h. The microscope slide is held in place by the

i. The can be adjusted to eyepiece
allow the correct amount of light to pass through lens
the hole. )
fine and coarse
j. The total magnification is calculated focusing knobs objective
by multiplying the magnification of the lenses
and the
stage clips
g
¥ < stage

diaphragm
=A< mirror
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Worksheet 2-3 <3

All living things are made up of cells. We need a microscope to see cells.

1. Looking at cells.

Plant and animal cells carry out similar tasks but each type of cell also has unique functions. Therefore,
some of the structures of plant and animal cells are the same, but others are different.

Using your microscope, look at a slide of some animal cells.

a. Describe what you see.

b. It is possible that your animal cells look something like the picture below. Draw what you see under
your microscope.

Name of the slide:

Magnification:

Name of the slide:

Magnification:

c. What colour are the little round structures you see in the plant cell?

Use page 20 of your Student Book to label the structures you drew in your animal and plant cells.
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Chapter 2 | Life and living things

2. Comparing plant and animal cells.
Looking at page 20 of your Student Book, which structures do you see in the diagram of the animal cell
and also in that of the plant cell?

a.
b.

C.

There are some structures which are found only in plant cells. Which are they?
d.
e.
f.

3. Complete the table below. Use the information from page 20 of your Student Book.

name of the structure what it looks like what it does
dense, round structure Itis the control centre of the cell.
g9 fluid substance Everything floats in this.
8
©
thin layer around the skin It controls what enters and leaves
the cell.
thicker layer around the cell It helps the plant cell keep its
shape.
% green sphere, most plant cells | This is where the plant uses light
° have many of them energy to make its food.
S
o
very large structure in the middle, | Together with the cell wall, the
filled with cell sap vacuole helps the plant cell to
keep its shape.
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Worksheet 2-4 13

All living things are made of cells but organisms are not just a lot of cells sticking together. Organisms have
many different types of cells, doing different jobs, and they are highly organized.

1. Specialised cells

If cells have a special function, they may need to have a special shape in order to do their work well. This
relationship between structure and function is a key concept in biology that you will see often.

Below are pictures of four types of cells:
nerve cells, epithelial cells, pollen grains, and red blood cells.

Fill in the empty sections of the table. Use page 21 of your Student Book.

picture name of cell function structural adaptations

reproductive cells

round with a dent in the middle
so that it has a large surface area
which makes it faster to absorb or
give off oxygen

packed close together without any
spaces between the cells so that
cover surfaces everything entering or leaving the
body is controlled by having to go
through the cells

® oo
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Chapter 2 | Life and living things

2. Levels of organisation
Read page 22 of your Student Book.

Fill in the empty sections in the table.

name of the structure description example plant example animal
basic unit of life root cell skin cell
tissue vascular tissue
organ leaf
organ system branch
organism palm tree

<5\

Organ

Organ }

) - v
K
, A

Organ System

Cell

Organism

Organism

Structure of an organism (Animal) Structure of an organism (Plant)
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Chapter

Energy resources

UNIT FLOW CHART

What are energy resources?

/

How do fuels release energy?

'

What are fossil fuels?

'

The harmful effects of burning fossil fuels

'

Conservation of energy

'

Renewable energy resources

'

Energy from living things and how do living things
use energy

INTRODUCTION

Every day, we use a lot of energy in many different ways. This includes the energy we
use to walk up the stairs, energy used to move the car, and the energy needed to run
the refrigerator. Coal, oil, and gas are fossil fuels that we get from the soil and use to
produce electricity, drive cars, and cook our food. These fossil fuels were made over
millions of years ago under special conditions, and there are only limited amounts of
them left. They also pollute our environment. We need to find other sources of energy
to stop the pollution, but also before the fossil fuels run out.

Food contains the energy our bodies need to keep functioning. Some foods contain
more energy than others. How can you test the amount of energy in different foods?
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Pages 32-35

OBJECTIVES

e To extend knowledge about energy resources
for living things

LEARNING OUTCOMES
After this lesson, students should be able to:

* name some common fuels.
e explain that fuels release energy when they burn.

e describe how fossil fuels are formed.

START (15 min)

Ask students to list things that require energy. They
can write them on post-it notes (one idea per post-it)
and put them on the board or on a large poster on
the wall. Expected answers could include: driving a
car, playing soccer, and cooking food.

Once the post-its are in place, the students could
group similar ideas together, e.g., driving a car
and flying an aeroplane could be put together, as
could playing soccer and going upstairs. Groups
could include: transport, activities of living things,
appliances using electricity.

Then, ask students for the source of energy in each
group. Using the examples from above, this could
include: transport (using fossil fuel), activities of
living things (muscle power with energy from food),
electric power (cooking on electricity, running the
air conditioning, or an electric heater). Add these
sources of energy to the grouped post-its. You may
wish to leave these ideas on display so that you can
refer to them in later lessons.

MAIN (15 min)
e Read pages 32-35.

Ask students to create a visual, e.g. a flow chart,
which shows the sequence of events in the
formation of coal and oil/gas. Encourage them
to draw as well as write.

e Discuss the similarities between these
processes:

o They both started from living things.
o The living things died.

Chapter 3 | Energy resources

o Then they were covered by layers of mud
which became rock.

o There was a lot of pressure and a high
temperature.

o The formation took a long time.

PLENARY (15 min)

Going back to the beginning of the process, you can
consider from where the living things (plants and
animals) received their energy. Animals eat plants,
and plants make their own food with the help of
sunlight. So, ultimately, the energy in fossil fuels
came from the Sun.

HOMEWORK

Test yourself questions on page 33 and page 35 of
the Student Book.

Pages 40-42

OBJECTIVES

¢ To extend knowledge about energy resources
for living things

LEARNING OUTCOMES
After this lesson, students should be able to:

e describe how renewable energy sources can be
used to generate electricity and provide heating.

START (10 min)

e Go over the homework (questions on pages 33
and 3b). Reinforce the concept that ultimately,
the energy in fossil fuels comes from the Sun.

e \What about the energy of the other groups? The
donkey pulling the cart, eats grass for energy.
The grass gets energy from the Sun. All energy
in muscle power initially comes from the Sun.

¢ \What about electricity?

MAIN (20 min)

e Electricity can be made in different ways. One
of them is to run generators on fossil fuel.
Read pages 40-42 and ask students to list the
renewable ways to make electricity. Can they
point out similarities between some of these
ways?
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e Inprinciple, electricity can be made via movement:
wind or water (or burning fossil fuel) can drive/
rotate a generator, or the Sun’s energy is used in
solar panels (or heat collectors) and solar voltaic
cells.

e (learly, the energy in electricity from solar panels
or solar voltaic cells comes from the Sun. We
already saw that the energy in fossil fuels also
comes from the Sun (although a long time ago).

¢ Moreover, the other sources of renewable energy
also come (indirectly) from the Sun:

o When the Sun warms up the Earth, the air
above the Earth becomes lighter and rises.
This creates an area of low pressure. If this
is not happening some distance away, the air
there remains in place at a higher pressure.
Air from the area of higher pressure will
travel parallel to the surface of the Earth to
the area of lower pressure, and we call this
wind. So even wind energy comes from the
Sun warming one place more than another.

o Since the Sun evaporates water which falls
as rain on the mountains and runs down
in a river, even the electric energy from a
hydroelectricity plant comes from the Sun.

¢ Due to the gravitational forces of the Moon, the
water in the seas and oceans is not always in
the same place. This is called tidal movement
and can be used to generate electricity. Details
can be found on http://www.alternative-energy-
tutorials.com/tidal-energy/tidal-barrage.html Tidal
power is mostly caused by the gravitational field
of the Moon.

e Geothermal energy comes from the Earth.

e Ask students to read pages 43 and 44 and to
list sources of energy. (They may wish to revisit
pages 34-35 and 40-43 to answer.)

Sources of energy include: fossil fuels (oil, gas, coal),
wind, hydroelectric energy, solar energy, tidal and
wave energy, geothermal energy, biomass.

e Discuss the concept of renewable vs non-
renewable energy and classify the sources of
energy in either group.

PLENARY( 10 min)

e 'When will fossil fuels run out?’” Ask students
to search the internet for this information for
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homework and compare it with the information
provided on page 37 of the Student Book. Ask
them to consider why the answers are not all the
same.

HOMEWORK
Test yourself questions on page 43 of Student Book.

Pages 38-39

OBJECTIVES

¢ Toemphasize the importance of fuel conservation
and the need to develop new sources of energy

LEARNING OUTCOMES
After this lesson, students should be able to:

e explain why conservation of fuels is important.
e suggest some ways of conserving energy.

e describe and explain global warming and list
some of its implications.

START (10 min)

Go over the homework from previous lesson.
Establish a range of answers (from the earliest to
the latest time the fuel is expected to run out). Let
the students calculate how old they will be if the fuel
runs out (soonest expected time), and how they will
manage without these fuels.

MAIN (30 min)

If we have a finite amount of fossil fuel, what can we
do to make it last longer? Ask students to explore
various ways of saving energy. They should read
pages 38 and 39 but also consider other ideas,
especially those relevant to their area. For example,
insulating houses will keep the heat inside in winter
but outside in summer. They could also consider
planting trees (which absorb carbon dioxide anyway)
in such a way that their house is in the shade.

Ask students what could they contribute? For
example, walk short distances, take public transport,
or car pool; switch off lights, heating, and air
conditioning; recycle paper; avoid wasting food, etc.
How and why do these things reduce energy use?



Students can create a communication to parents
which will list some of the ways in which the students
can help to save energy. It could take many forms,
however, a leaflet, newspaper, or letter could be
taken home and parents may be requested to provide
positive feedback when their child saves energy.

PLENARY (5 min)

In order to conserve energy, we will have to change
our habits. This is not easy. Ask students to think
about how they and their family could use less
energy and write one action on a post-it. If they did
this, would it really make a difference? (If we all do
it, then yes, it will make a difference. Also, even a
small difference is a difference.)

HOMEWORK

Do the Test yourself questions on page 39 of the
Student Book.

Pages 36-37

OBJECTIVES
e To consider the impact on the environment of
burning fossil fuels

¢ Toemphasize the importance of fuel conservation
and the need to develop new sources of energy

LEARNING OUTCOMES
After this lesson, students should be able to:

e describe and explain global warming and list
some of its implications.

START (10 min)

Hand out worksheet 3-1 and explain it to the students
so that they understand what needs to be done.

MAIN (25 min)

Students should carry out the instructions. If you
wish, you can have the timer and call out each
time they need to take a reading. This will reduce
the students’ independent inquiry, but increase
classroom control.

Chapter 3 | Energy resources

PLENARY (10 min)

Make sure students tidy up. Reflect on the results
and how well the experiment went. Students can
discuss the following: If | repeated this experiment,
| would do the following differently: ..... They will, of
course, have to give reasons for why they would do
something differently.

HOMEWORK

Complete the graph and conclusions given in
worksheet 3-1.

or
Workbook, Question no. 5, Page 15-16.

Pages 37

OBJECTIVES

e To consider the impact on the environment of
burning fossil fuels

e Toemphasize the importance of fuel conservation
and the need to develop new sources of energy

LEARNING OUTCOMES
After this lesson, students should be able to:

e describe and explain global warming and list
some of its implications.

START (10 min)

Revise issues raised last lesson about fossil fuels
running out and the need to conserve energy.
Then bring up the fact that, even with very good
conservation, fossil fuels will run out some day and
we either change our lifestyle and do without a lot
of things (like transport and refrigerators) or we need
to find other ways of producing energy.

MAIN (30 min)

e Going back to the very beginning of the chapter,
page 33 shows that burning fossil fuels will
produce carbon dioxide. Carbon dioxide traps
heat near the edge of the atmosphere of the
Earth, making it a comfortable temperature for
us. Carbon dioxide does this very effectively.
Only 0.04 % of the gases in the atmosphere
are particles of carbon dioxide, but they cause
the Earth to be about 30 - 35°C warmer than it
would be without any carbon dioxide.
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e |f possible, play the video ‘Climate 101" on http://
video.nationalgeographic.com/video/101-videos/
climate-101-causes-and-effects and discuss the
information presented.

e Hand out the worksheet for lesson 3-5 and
support the students working individually or in
small groups.

If necessary, ask students to finish the worksheet
for homework.

Pages 43-45

OBJECTIVES

e To extend knowledge about energy resources
for living things

LEARNING OUTCOMES
After this lesson, students should be able to:

® evaluate an experiment designed to measure the
amount of energy stored in a sample of food.

START (10 min)
e Read the experiment described on pages 44-45
of Student Book.

e \Watch the experiment done on http://www.
schooltube.com/video/d7e883fc8c07081250c8/
Calorimetry-Measuring-Energy-in-a-Peanut

MAIN (20 min)

Use worksheet 3-6 to help students critically evaluate
an experiment.

PLENARY(15 min)

Discuss with the students how the aim of an
experiment affects the design. The experiment on
page 44 is effective in comparing the amounts of
energy in different foods. Peanuts will have the
most energy and dried bread the least when they
are tested under the same conditions. It is less suited
to calculating the value of energy in the food because
some variables are not controlled.

HOMEWORK

Do the Test yourself questions on page 45 of the
Student Book.
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Worksheet 3-1 ,‘% Chapter 3 | Energy resources

Experiment
What does a greenhouse do?

Greenhouses come in all shapes and sizes, but why do people use them?

If you know someone who has a greenhouse, you can ask them, but you can also do an experiment.

Materials:
You need the following:

e two thermometers
e alarge glass jar (which can hold the thermometer)

e a stopwatch or timer

Method:

1. Find a place in the Sun where you can place the glass jar and a thermometer. You must be able to read the
thermometer easily.

2. Place thermometer A on the table in direct sunlight. Place thermometer B in the jar, close the jar, and place
it next to thermometer A. (Make sure it does not block the sunlight to thermometer A.)

3. Immediately read both thermometers, record your findings in the table, and start the stopwatch.

4. Every minute, read both thermometers and record your results in the table.

Results:

Thermometer A (degrees Celsius) Thermometer B (degrees Celsius)

UGG on the table in the jar

1T min

2 min

3 min

4 min

5 min

6 min

7 min

8 min

9 min

10 min
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Use your results to draw a graph. The time (in minutes) goes on the X-axis and the temperature recorded goes
on the Y-axis. Use two different colours for the two thermometers (or pen and pencil).

Title: The effect of a glass jar on temperature.

temperature/degrees Celsius

o 1 2 3 4 5 6 7 8 9 10 1 12

time/minutes

Conclusion:
Describe what happened to the temperature as measured by thermometer A.

Describe what happened to the temperature as measured by thermometer B.

Which changed faster?

Conclusion.
Describe how the glass jar affected the temperature change.
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Worksheet 3-2 \% Chapter 3 | Energy resources

1. Study both graphs below. They show levels of carbon dioxide in the Earth’s atmosphere.
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Atmospheric CO, at Mauna Loa Observatory
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W
@&
o
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340

320

1960 1970 1980 1980 2000 2010 2020
YEAR

a. What was the level of carbon dioxide in the atmosphere in the year 10007

b. What was the level of carbon dioxide in the atmosphere in the year 19007

c. How much did the level of carbon dioxide change between 1000 and 19007

d. What was the level of carbon dioxide in the atmosphere in the year 19007

e. What was the level of carbon dioxide in the atmosphere in the year 20007

f. How much did the level of carbon dioxide change between 1900 and 2000?
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The graph below gives the average temperatures in the Northern Hemisphere.

Average temperatures 1000- 2000 CE

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

g. Compare the changing pattern of the levels of carbon dioxide and the changing temperature between
the year 1000 and now. What do you notice?

h. Write one or two paragraphs about the relationship between carbon dioxide in the atmosphere and
the temperature on Earth. Use information from previous lessons and/or the graphs to support your
arguments.




Worksheet 3-3 ,‘% Chapter 3 | Energy resources

thermometer

/

Read the experiment described on pages 44-45 of Student Book. water

Watch the experiment done on http://www.schooltube.com/video/
d7e883fc8c07081250c8/Calorimetry-Measuring-Energy-in-a-Peanut

In an experiment, variables are the factors which change, or can change.
In science experiments, we recognize three kinds of variables:

® independent variables

e dependent variables

e controlled variables

It is important to understand these variables very well because they will u
impact on your experiment. - ,
W burning
)U‘ 1& sugar

Independent variables are factors which you decide to change. If you wanted w
to know how adding salt to water changes its boiling point, you would boil water

with different amounts of salt, so the amount of salt is your independent variable. A Energy from burning sugar

Dependent variables are the factors you measure. They change, depending on your independent variable. So
in your experiment on the effect of salt on the boiling point of water, the measured boiling point would be your
dependent variable. If you change the independent variable (adding more or less salt), the dependent variable
(the boiling point) will change.

Controlled variables are important to keep constant. For example, you want to know how adding salt changes
the amount of time you need for your water to reach its boiling point. You can take 100 ml of water with a little
salt, heat it and measure how long it takes to boil. Then you take 200 ml of water, add a lot of salt, heat it and
measure the time until boiling. These times are likely to be different but what caused the difference? Was it the
amount of salt or the amount of water? So you are only allowed to change one variable, you measure another
variable, and everything else needs to remain the same. If you do this, you are conducting a fair test.

a. Inthe experiment described on page 44, what are you measuring?

b. Inthe experiment described on page 44, what are you changing?

c. Inthe experiment described on page 44, what must stay the same?

d. Soin this experiment, you have identified the following variables:

independent variable

dependent variable

controlled variables
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The principle of this experiment is that food is burnt, releasing energy as heat. This heat warms up the water
and if we know how much the temperature of the water has increased, we can calculate the energy (heat) that
was needed to cause this change. We then say that this energy was released by the food.

When companies determine the energy in their food, they use a device called a calorimeter. The temperature
of the water is recorded. A known mass of food is placed in the sample dish and ignited by running an electric
current through the ignition wires. The food burns, giving off heat which warms up the water. To ensure it is
warmed evenly, the water can be stirred. Once the food stops burning, the final temperature is recorded.

stirrer

I Ignition wires
thermometer —~ 4 /

insulated
outside =

container -
\ 3

P

steel bomb

e LR R\"

__sample dish

steel

b AT b

3
i

container ~

\

M e A A

L T

e. If youwere to hold your hand near the burning food in the experiment as described on page 44, what would
you feel?

f. What would you expect to feel if you held your hand near the calorimeter?

g. Which method do you think would give a more accurate result?

h. If you wanted to do the experiment and had no calorimeter, how could you modify the set up as given on
page 44 to get more accurate results?

i. If youused 1 g of food and looked in the dish after the food stopped burning, you would see some of it
left. Not all the food had completely burned (into carbon dioxide and water). This means that the energy

you measured was given off by less than the 1 g of food that you started with. What could you do to get
a more accurate result?
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Chapter

Electrical Circuits

UNIT FLOW CHART

Electricity is closely related to our daily lives

/

Some materials allow electrons to pass through easily, some do not.

'

Types of electrical circuits

'

Electricity in the home

'

Resistance wires and fuses.

INTRODUCTION

In Chapter 3, you were introduced to electricity as one of the many types of energy. In
our daily lives, electricity is very useful, mainly because it can easily be converted into
other types of energy. Electricity has its own characteristics and, also like the other
types of energy, it is potentially dangerous.

One of the most powerful examples of electricity is lightning which kills 20-40 people
in the USA every year. And although the electricity from the mains at home carries a
lot less energy than lightning, it is still dangerous if not used properly. In India, almost
10000 people died of electric shock in 2014. In the UK, on average, 4 people die per day
as a result of a fire which started due to a problem with electricity (e.g. a short circuit).

This chapter will cover the basics of electricity from a science perspective. If possible,
experiment building different types of circuits, including different numbers of light
bulbs, resistors and other components, and measure the voltage and current in the
various set-ups.

Strongly recommended: please watch before starting to teach this unit.

Many misconceptions students may have about electricity are indicated in the video
found at https://www.stem.org.uk/elibrary/resource/30937. Some general principles of
good science teaching are included. The teacher, can simulate the way electricity moves
using a rope (from minute 6 of the video). Teachers may wish to watch this video with
their students, but it might be more suitable to teach the concepts in a similar manner.
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Pages 50-51

OBJECTIVES

¢ To extend knowledge about electrical circuits and
use the concepts of electric current and energy
transfer to explain how electrical devices work.

LEARNING OUTCOMES
After this lesson, students should be able to:

¢ |ist some modern electrical devices and state the
energy changes that take place in them.

e explain the difference between an electrical
conductor and an electrical insulator, and list
some examples of each.

START (10 min)
Ask students to complete the following sentences:

Without electricity, | would have to ....
Without electricity, | would not be able to ...

Example answer: Without electricity, we would have
to cook using a fire, and would not be able to keep
food fresh in the refrigerator or freezer. In winter,
we would go to sleep early (without light and heat)
and in summer we would have to live without fans.

BACKGROUND INFORMATION

We can run water and gas through pipes and
transport coal in bags. In order to find out how to
move electricity, we first need to know what it is.

We established that electricity is a form of energy in
previous chapter. All matter is made of atoms, and
inside atoms are electrons. These tiny particles carry
a negative charge. Normally, they stay with their atom
and move back and forth a little. However, if there is
a positive charge somewhere, electrons may move
in that direction. This movement is flowing electricity.

Although electrons are attracted to a positive charge
and will move in that direction, they maintain their
position relative to each other, rather than all rushing
to the positive charge.

If you were to model this with students, it will be like
a proper dinner queue. Students remain in line and
take a step towards the food (the positive charge).
What it is NOT is a rush of students (electrons), all
trying to get to dessert (the positive charge)!
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So in order to move electrons (and have a current
of electricity), we need a material which contains
electrons that can move. Some materials have this
and are called conductors; others do not, and are
called insulators.

MAIN (25 min)

Please try to have students build circuits as shown
in the experiment described in worksheet 4-1. If
this is really not possible, use the online simulation
available at http://coolsciencelab.com/conductors
and_insulators.htm.

Worksheet 4-1: Students carry out the experiment to
classify materials as conductors or insulators.

If the necessary resources are not available, have a
look at this site to improvise:

https://www.education.com/science-fair/article/

parallel/

PLENARY (10 min)

Ask students to read page 50 and discuss the
conversions from electric energy to other forms that
they encountered in this lesson.

HOMEWORK

Test yourself questions 1-3 on page 52 of Student
Book.

Pages 52-53

OBJECTIVES

e To extend knowledge about electrical circuits and
use the concepts of electric current and energy
transfer to explain how electrical devices work.

LEARNING OUTCOMES

After this lesson, students should be able to:

e draw circuit diagrams to represent simple
electrical circuits, using appropriate symbols.

START (10 min)

Read pages 52 and 53. Discuss the concept of circuit
diagrams.



MAIN (20 min)

Hand out Worksheet 4-2 and provide support to
students. Ensure that students use rulers since
circuit diagrams require straight lines.

If resources are available, the students can also build
the circuits.

Students can build simulated circuits on

http://thefusebox.northernpowergrid.com/page/
circuitbuilder.cfm (level 1)

This could be an extension activity to be done at
school or at home.

PLENARY ( 15 min)

High voltage cables transport electricity over long
distances. The voltage involved can be 200 000 Volts
or more. Birds sometimes sit on these cables and
are not harmed.

The reason is in the amount of electricity which
actually goes through the body. The birds sit on the
wire, holding the wire with their feet/claws. Their
feet are close together, so the moving electrons,
which are the electricity, have a ‘choice’: they can
travel through a small length of highly conductive
metal wire, or they can ‘choose’ to go all the way
round through the bird’s body (which is not as good
a conductor as the metal wire). As the resistance to
go through the bird is much higher, (almost) all the
electricity will flow through the wire, and the bird
is safe—as long as it does not touch another wire
or the supporting pole. If the bird puts its feet far
apart, the resistance through its body will not change,
but the length of wire (the alternative route for the
electricity) will be longer, and hence the resistance
higher. So a bird with its feet far apart will experience
more electricity than a similar bird with its feet close
together.

HOMEWORK

Test yourself question no. 4 on page 52 and the
guestions on page 54 of Student Book.

Chapter 4 | Electrical Circuits

Pages 57-59

OBJECTIVES

¢ To extend knowledge about electrical circuits and
use the concepts of electric current and energy
transfer to explain how electrical devices work

LEARNING OUTCOMES
After this lesson, students should be able to:

e draw circuit diagrams to represent simple
electrical circuits, using appropriate symbols.

e describe a parallel circuit used in the home.

START (10 min)

Use https://www.ck12.org/book/CK-12-Physical-
Science-Concepts-For-Middle-School/section/5.72/
to share the explanation about series and parallel
circuits.

MAIN (25 min)
e Hand out worksheet 4-3.

e Support students in building series and parallel
circuits, comparing the brightness of the bulbs.

PLENARY (10 min)

It is great fun to have fairy lights for decoration when
you are celebrating something.

These days, fortunately, they are produced as parallel
circuits, but many years ago, they were made as
series circuits.

Ask students why it is much better to have the bulbs
connected in parallel.

When they are connected in series, none of the lights
will work if one bulb is loose or broken. You cannot
tell which one is the problem, so you have to check
them all.

HOMEWORK
Test yourself questions on page 58 of Student Book.

OXFORD @

UNIVERSITY PRESS



Pages 54-56

OBJECTIVES

e To demonstrate the use of an ammeter to
measure the current flowing in an electrical
circuit

¢ Todemonstrate the use of a voltmeter to measure
voltage in an electrical circuit

LEARNING OUTCOMES
After this lesson, students should be able to:

e draw circuit diagrams to represent simple
electrical circuits, using appropriate symbols.

® measure the current and voltage in an electrical
circuit.

START (10 min)

Read pages 54, 55, and 56 and discuss. Ask questions
to ensure students understand.

Reinforce the concept that an ammeter measures
current (how many electrons run through it), and a
voltmeter measures voltage (how much “push’ or
energy, each electron has). The current is constant
throughout the circuit (or you would have electrons
collecting in one part of it) so it does not matter where
in the circuit the ammeter is placed. The voltmeter
is connected in parallel to a component (e.g. light
bulb, resistor, or cell) and the voltage produced by
the source (cell or battery) must be the same as the
sum of the voltages measured for each component.

As before, make sure every circuit has a switch (so it
is not left ‘'on’) and make sure that every circuit with
an ammeter also has another component (in addition
to the switch) such as a bulb or motor. Since the
ammeter has very little resistance, a circuit without
an additional component would essentially short-
circuit, which is both dangerous (fire) and/or damages
the ammeter.

MAIN (20 min)

e Hand out worksheet 4-4. If possible, students
should build the circuits and measure current
and voltage at various points and in various set
ups.

e |f practical activity is not possible, complete
worksheet 4-4 as a theoretical exercise.
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PLENARY (10 min)

Ask students to apply their learning to how they
understand appliances with batteries, e.g. a torch.

HOMEWORK

Test yourself questions on page 57 and page 60 of
Student Book.

Pages 62

OBJECTIVES

¢ To extend knowledge about electrical circuits and
use the concepts of electric current and energy
transfer to explain how electrical devices work.

LEARNING OUTCOMES
After this lesson, students should be able to:

e explain electrical resistance and describe how a
resistance wire can be used as a fuse.

START (10 min)

Recall that in lesson 1, the bulb did not glow equally
brightly with all conductors and remember that we
mentioned ‘resistance’ when discussing the birds
on the high voltage cable.

Read page 62.
Similar information can also be found at

https://www.ck12.org/book/CK-12-Physical-Science-
Concepts-For-Middle-School/section/5.68/

MAIN (25 min)
Go over worksheet 4-5

PLENARY (10 min)

Consider the advantages that electricity has brought
us but also consider the dangers.

HOMEWORK
Test yourself questions on page 63 of Student Book.



Chapter 4 | Electrical Circuits

Pages 60-61

OBJECTIVES
¢ To consider the hazards of electricity

LEARNING OUTCOMES
After this lesson, students should be able to:

e explain the importance of fuses as safety devices.

START (10 min)

Any house will have a number of sockets and lights.
How are these connected?

Your students probably do not know the answer to
this so discuss both options (series and parallel).

Series: if one socket did not have a (working)
appliance plugged in, none of them would work.
Also, all lights would have to be on all the time for
any of them to work.

As this is not practical, the answer is that the sockets
and points for lights are connected in parallel. But
they are not all on one large parallel circuit; rather
they are connected in sections called ring mains.

Read page 60 (last paragraph) and page 61 of Student
Book.

MAIN (25 min)
Go over worksheet 4-6

In some countries, plugs have a fuse. Open a plug to
show students. Look at the current allowed through
the fuse and discuss what would happen if it were
overloaded.

Some electrical appliances have their own fuse. Ask
an electrician to come and show this and discuss
electrical safety from a very practical perspective. You
could also ask a fireman to talk about electrical fires.

PLENARY (10 min)

Discuss the concepts relating to fuses and several
main ring circuits in a house and ensure that this is
understood by students. Make sure to relate it to
their situations at home and/or a house they may
build.

HOMEWORK
Test yourself questions on page 62 of Student Book.
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Worksheet 4-1 '\%

Experiment:

1. Which materials conduct electricity (conductors) and which do not (insulators)?

PLEASE NOTE - safety instructions

¢ Only use the equipment provided as directed by the teacher.

¢ \When you have set up the equipment, ask the teacher to check it before starting the experiments.
e NEVER use power from the mains (unless you have a transformer provided by the teacher).

¢ |Include a switch in every circuit so it is only completed when you push the switch.

= i ;

switch battery

Method

1. Set up a circuit as shown on page 51 of your student book.

bulb crocodile clips

Push the switch. 1

test material goes here

Ask the teacher to check your circuit.

2
3. Place the first of the materials provided between the crocodile clips.
4

If the light goes on, electricity is flowing through your circuit, so the material you tested is a conductor. If not,
the material is an insulator.

Your materials could include some of the following:

a piece of aluminium foil a plastic bottle cap an eraser
a drinking straw a fresh twig from a bush or tree a pencil lead
a metal bottle cap a wooden cube a paper clip

(many others are also possible)

Results

In the table below, record your findings

Material conductor or insulator

@/ OXFORD
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Chapter 4 | Electrical circuits

2. Airis not a good conductor of electricity. If you hold the plug of a lamp near the socket, the light will not
go on, meaning the electricity does not “jump” through the air.

However, you also know that lightning goes through air (and can be dangerous). So remember that when
you have high voltage power lines, do not get close to them because the high voltage electricity has enough
energy to ‘jump’ through the air, and this can be extremely dangerous.

Electricity is very useful but it also has its dangers. Discuss some safe and unsafe practices with your group.

Have a look at the picture below.

Write the number 1 over the first hazard you see in the picture and describe it below. Continue until you
have found all of them.

OXFORD @)



Worksheet 4-2 \%

1 2.

1. For each diagram given on the right side, put a red
circle around every bulb which does not light and
explain the reason below.

Explain why the bulb(s) will not light.

3. Draw circuit diagrams of the following situations. Please use a ruler so you draw straight lines.

a battery connected to a bulb a battery connected to a motor | two batteries connected to a
and a switch buzzer and a bell

@ OXFORD
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= h 4| El ical circui
Worksheet 4-3 ,‘% Chapter 4 | Electrical circuits

1. Label the drawings with “series circuit” or “parallel circuit”

!

il

E] 3 __ circuit
| |

|

circuit

2. Consider the following experiment:

Create a circuit with one cell or battery, a switch, and a lamp. Close the circuit and look at how bright the
bulb is.

Using the same circuit, add one lamp in series. The lamp must be the same as the one already used. Close
the circuit.

a. Are the bulbs burning equally brightly?

b. Are they as bright as when there was only one bulb?

c. If you loosen one bulb, does the other still light up?

Slightly change your circuit so that the bulbs are now in parallel.

d. Are the bulbs burning equally brightly?

e. Are they as bright as when there was only one bulb?

f.  If you loosen one bulb, does the other still light up?

3. Draw the following as circuit diagrams:

Series Circuit Parallel Circuit

Assuming all bulbs are the same, will they all burn equally brightly? Explain your answer.
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Worksheet 4-4 '{;Ej

A mnemonic is a way to remember something in an easy way. This can be done by using the first letters and
making a sentence (which is easier to remember).

You need to remember that

Voltmeters are connected in Parallel, Ammeters are connected in Series.
If this is difficult, it may help to remember that

“volt and ammeters are Very Particular About Some things”

Complete the table below. You can use pages 54, 55, and 56 from your Student Book.

Ammeter Voltmeter

What does it measure?

Which units does it use?

How is it placed in the circuit?

Does it matter where it is placed?

@‘ OXFORD
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Chapter 4 | Electrical circuits

2. Inthe previous worksheet, you saw that three bulbs in series do not burn as brightly as three similar bulbs
connected in parallel.

What happens to the current and the voltage in circuits with bulbs in series or in parallel?

Below you can see four circuit diagrams.

Write the correct answer by each circuit diagram:
How are the bulbs connected?  Series / Parallel

What is being measured? Current / Voltage

Series / Parallel Series / Parallel

L)

X

Oy

X av IOy
a0z

)

©,

2V Current / Voltage Current / Voltage

3A
Series / Parallel 0 .:‘ Series / Parallel
Current / Voltage Current / Voltage

3. Complete these sentences.

a. When the bulbs are connected in series, the current will be

b. When the bulbs are connected in series, the voltage will be

c. When the bulbs are connected in parallel, the current will be

d. When the bulbs are connected in parallel, the voltage will be
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Worksheet 4-5 '(—E‘j

1. During the experiment in the first lesson of this unit, you may have noticed that not all conductors allowed
the light bulb to light up equally brightly. This is because the division of conductors and insulators is not
black and white. Many materials will conduct some electricity. How much they conduct depends on the
amount of resistance they have. The higher the resistance to electricity, the less electricity will flow through
it—remember the example of the birds on the high voltage wire.

Even the best conductor has some resistance. This
means that it will heat up when a current goes
through it. Depending on how much the resistance
is and how much the current is, this may or may
not be a problem. Glass

Gas
In a light bulb, the filament has quite a high
resistance. A current running through this filament
will make it so hot that it will start to glow. A special Wires
gas in the light bulb will stop the filament from Filament

catching fire, but after some time, the filament will
be destroyed and we need a new light bulb.

Name some household appliances which also make
use of the concept that high resistance causes a
wire to become very hot.

However, if an old appliance breaks, it may ‘short circuit’. That means that the current will no longer go
through the appliance, with its resistance, but, instead take a short cut. Without resistance, a lot more
current will go through, and that could be dangerous.

In order to prevent this large surge of current, we can use a fuse. A fuse is a piece of wire with a specific
resistance. When too much current runs through this wire, it will melt and break the circuit. This means
we have to replace the fuse but have avoided the large and dangerous surge of current.

In some countries, each plug of an appliance will have its own fuse.
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Worksheet 4-6 <5

Chapter 4 | Electrical circuits

1. The cables used in a house are made in such a way that they do not heat up much when a normal current
goes through them. However, an old appliance, for example, could break and cause a short circuit. The
electricity would not flow through the appliance (with a certain amount of resistance) but would take a
‘short-cut’ without any resistance. This short circuit would lead to a lot of current going through the cables

and could make them heat up so much they could start a fire.

To prevent this type of situation, the cables in your house are connected to the electricity supply via a fuse.
As there are several separate circuits in your house, each has its own fuse. All fuses are put together in
the fuse box. A diagram of a possible design of the electric circuits in a house is shown below.

Main switch

L(IITT]

L

| Lighting circuit |

[ 4 @ O\O—.
Ny o Do
(M) B
~ ——o

O

O

—@—O\J two-way switchesi/o—

Immersion heater

57 | =) [ | [Jmss [Jem)| [ )
| |

Ring main circuit
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You can see that different parts of the house have their own circuit.

1. Give examples of anything in your house which uses electricity? Do not include anything on batteries.

2. Consider that anything which heats up or cools down will take much more energy than e.g. lamps. Where
in your house would you use fuses that allow a lot of current before they melt and where could you put
fuses which do not allow so much electricity?

When a fuse 'blows’, i.e. too much current has gone through it and the special cable has melted, it needs
to be replaced. As different areas have fuses allowing different amounts of current, this means that people
have to have a range of spare fuses. So now, many places have devices called ‘circuit breakers’. When too
much current flows through them, a switch flips itself and the circuit is cut. When the faulty device which
caused the overload is unplugged, the circuit breaker switch can simply be flipped back again.
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Chapter

Plants and photosynthesis

UNIT FLOW CHART

The chemistry of photosynthesis

/

The starch test

'

Testing the equation

'

What happens to the glucose?

|

Plants need water

'

Plants need minerals

INTRODUCTION

Plants are vital to life on Earth. They use the Sun’s energy to produce their own food, but
they are also the food of animals. In addition, plants produce the oxygen we need and
take in carbon dioxide. So in this chapter, students should learn that it is vital to maintain
an extensive and healthy plant population on Earth. They also learn about the mechanics
of photosynthesis and how this information can be verified. Many students consider
plants to be boring. Learning about the importance of plants and being introduced to
the chemical processes in plants may improve their interest and appreciation.

EXPERIMENTS

A lot of information can be found (for free) on the SAPS website. Please see http:/
WWW.saps.org.uk/secondary/teaching-resources/134-photosynthesis-a-survival-guide-
teaching-resources .

Experiments involving photosynthesis can be difficult. SAPS suggests using algal balls
which work well but require a fair amount of preparation. Please check out http://www.
saps.org.uk/secondary/teaching-resources/235-student-sheet-23-photosynthesis-using-
algae-wrapped-in-jelly-balls to decide if this is a good option for you. If you decide to use
them, please do a test run a few weeks before to ensure it all works. It takes 3 weeks
to grow the algae from the original culture, so effective time management is required.

If you can not make algal balls, you could use leaf discs. Take a normal leaf (not too floppy
and the waxy cuticle not too thick; avoid “hairy” leaves; spinach works well) and use a
hole punch to cut out disks. If you do a video search using the terms ‘photosynthesis
leaf disc’ you should see several demonstrations of how to do this and ideas on how
to use them.
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Page 68

OBJECTIVES

e To discuss the importance of photosynthesis to
humans and other animals

e To show that carbon dioxide for photosynthesis
comes from the air, and that the water is taken
in by the plant’s roots

LEARNING OUTCOMES
After this lesson, students should be able to:

e explain how photosynthesis is the source of
biomass.

e write the word equation for photosynthesis.

START (15 min)

Ask students to name some species and to list what
they need to live. Examples could include a cat, a
palm tree, a fish, a rose, etc.

The list of things they need to live could include food,
water, air, a place to live, etc.

Focus on the issue of food. What kind of food do they
need? The animals need to eat (mice, other smaller
fish, or plants) but what do plants eat? A student may
come up with ‘plants make their own food’ which
would be great, but you can ask what they need to
make this food. It would be nice if a student knew
that plants need sunlight, but do they need anything
else? Can water be considered ‘food’ for plants?

The question on what plants ‘eat’ was exactly what
Jean Baptiste van Helmont studied in the first half
of the 17" century. Worksheet 5-1 gives a summary
of this part of his work.

MAIN (15 min)

¢ Hand out worksheet 5-1 and read the information
with the students. Ask students to work on the
questions independently for 5-10 minutes and
then ask them to discuss their answers in small
groups of 3-4 students.

e (Carry out the experiment with the glass jars and
the candles as described in worksheet 5-1. If it
is not possible to do the experiment, something
similar can be viewed on the internet, via https://
www.youtube.com/watch?v=fcXL 28NMPYQ

@ OXFORD
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Note: in this section, we are stressing the
importance of experiments in science. It would be
best if the experiments were indeed carried out by
students rather than shown as a demonstration
or on screen.

PLENARY (15 min)

Using images of an aquarium and an ecosphere,
consider the similarities and difference between both
the set-ups.

Both have water, plants, and fish. The aquarium has
a filter, a thermometer, and an air pump. The fish
are fed and most of their waste is removed by the
filtering system. Air is bubbled through the water
all the time and various values are measured and, if
necessary, adjusted.

In the ecosphere, the plants are supposed to absorb
the carbon dioxide produced by the animals and to
give off the oxygen that the animals need. The plants
are also the food for the animals and use the animals’
waste to grow. Nothing is added or removed and
everything is recycled. Although it is possible to
maintain a successful ecosphere for decades, it is
very difficult to find the correct amount of, e.g., light
and temperature so that the entire system remains
balanced.

Page 69

OBJECTIVES

¢ To show that chlorophyll enables a plant to utilize
light in photosynthesis

LEARNING OUTCOMES
After this lesson, students should be able to:

e identify carbon dioxide and water as the raw
materials, and light as the energy source, for
photosynthesis.

e write the word equation for photosynthesis.

START (5 min)

Ask students to write the word equation for
photosynthesis on the board. Discuss that the first
product of photosynthesis is glucose.



MAIN (35 min)
Hand out worksheet 5-2.

Students can carry out all these experiments (with
the exception of the test for the need for carbon
dioxide—it is better if students do not handle soda
lime).

This would be the best approach and the teacher
should plan at least one additional lesson for students
to carry out the experiments.

PLENARY (5 min)

Return to the equation on the board and ask students
to name and summarize the test needed to show that
each of the components is made or needed.

HOMEWORK
Test yourself questions on page 72 of Student Book.

Pages 70-72

OBJECTIVES

¢ To show that chlorophyll enables a plant to utilize
light in photosynthesis

LEARNING OUTCOMES

After this lesson, students should be able to:

e describe how leaves are adapted for
photosynthesis and how roots are adapted to
take in water.

START (5 min)

Wirite the word equation for photosynthesis on the
board. Ensure that ‘light’ is written above the arrow.

Ask students why only plants photosynthesize.
During the discussion the following should come up:
e Plants are green.

e The green colour is caused by the presence
of chlorophyll or chloroplasts (which contain
chlorophyll).

e Chlorophyll is needed for photosynthesis.

MAIN (35 min)
Hand out worksheet 5-3.
If you are planning for students to do the experiment

(recommended), you need to get plants with
variegated leaves, i.e. leaves that have yellow/white/

Chapter 5 | Plants and photosynthesis

light pink parts of the leaf. You will need to try out
which works best, but thin leaves with thin cuticles
tend to work best.

Ask students to complete the worksheet.

PLENARY (5 min)

Food is produced in leaves and transported to the
other parts of the plant. Roots take up water and
minerals which are transported to other parts of the
plant. What is one very important function of the
stem? What would you predict about the structure
of the stem, knowing this function?

What other organs might plants have? What are their
functions?

A main function of the stem is to facilitate fast
transport. The stem therefore contains a number of
separate tubes through which water and minerals
move from the roots to e.qg., leaves, and sugars are
moved from the leaves to e.g., roots and flowers.

Other organs are flowers (for reproduction) and seeds
(for growing new plants). The seeds may have fruits
(to help seed dispersal).

Pages 74-75

OBJECTIVES

e To discuss the importance of photosynthesis to
humans and other animals

LEARNING OUTCOMES

After this lesson, students should be able to:
e explain the importance of minerals to plants.

START (15 min)
Discuss the following ideas with students.

There are ways of growing plants without soil. The
roots of the plants can be immersed in a nutrient
solution or their roots can be sprayed with a nutrient
solution.

REFERENCE WEBSITES
https://www.citycrop.io/tag/hydroponics/

http://www.homehydrosystems.com/
hydroponic-systems/aeroponics systems.html
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Controlling disease and pests is much easier without
soil. Also, the concentration of minerals provided
to the plants can be regulated very precisely. The
correct amount of minerals available to plants is very
important. When you grow plants outside (e.g. like
a farmer will grow a crop of potatoes, carrots, or
tomatoes), the soil will provide the minerals. Although
farmers provide additional minerals to their crops, this
is only one of the factors affecting the crop. Others
would be the temperature and amount of water. Also,
the soil will be like a reservoir of minerals, so a little
more or less of something is less important.

However, if you grow plants inside, on a large
commercial scale, you want to make sure all factors
are at their best (including water, temperature, and
often carbon dioxide) so it is also really important to
have the perfect amount of each mineral. This can be
controlled better when growing plants without soil.

MAIN (15 min)
Hand out worksheet 5-4 to students.

PLENARY (15 min)

Plants need minerals and absorb them via their roots.
They become part of the plant, so when an animal
eats plants, they also eat these minerals.

Animals (including people) also need minerals.
Students may know some of them and their roles
in the animal’s (or human's) body.

Examples could include:

i. calcium and phosphorus from milk or cheese for
strong bones and teeth.

ii. iron from spinach or beef to make red blood cells
which carry oxygen from lungs to tissues.

iii. potassium from dairy products and dark green
leafy vegetables which will help nerves and
muscles function.

iv. magnesium from spinach and bran cereals for
muscles and nerves and also to build strong
bones and teeth.

Page 73

OBJECTIVES

e To discuss the importance of photosynthesis to
humans and other animals
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LEARNING OUTCOMES
After this lesson, students should be able to:

¢ list some of the ways that plants use glucose.

START (15 min)
Discuss the following ideas with students.

The first product of photosynthesis is glucose, which
is a sugar. Plants convert glucose to other molecules
for different reasons. Where do we still find glucose
or other sugars in plants? What could be the reason
for them being there?

Sugars are found in nectar and fruits. Nectar is
produced to attract bees which then pollinate the
plant, and sweet fruits are eaten by animals which
then disperse the seeds, usually in their droppings.

So the plant keeps sugars for others, in order to
get them to do something (pollinate or disperse
seeds). For its own use, plants will convert glucose
to other molecules which are structural (cellulose)
or functional (proteins, especially enzymes). For
storage, sugars are converted to starch.

MAIN (15 min)
Hand out worksheet 5-5 to students.

Support students working through the worksheet. It
might be useful if they first attempt to work out the
answers individually and then discuss them in small
groups. Finally, the entire class could collaborate to
make a presentation or poster on how important and
useful plants are to us.

PLENARY (15 min)

If we were to travel to Mars and live there, what role
would plants play in our colony. What plants would
we choose and for what reasons?

Go back to the list of uses we have for plants and
consider what we would and would not do on Mars.
For example, we probably would drive electric cars,
powered by solar energy, so we would not have to
worry about biofuels (although we would need to
find a use for our organic waste). The discussion
is the interesting part here—there are no right and
Wwrong answers.



1.

Worksheet 5-1 ,‘% Chapter 5 | Plants and photosynthesis

Read the information below and answer the questions.

Jean Baptiste van Helmont was a Flemish scientist. He lived from 1580 t01644 and is considered to have
been a major contributor to the founding of modern science.

( http://homeoint.org/photo/uv/vanhelmont.htm )

The Ancient Greeks would note their observations about the world around them and discuss theoretical
explanations, but they were less likely to set up experiments to test their ideas.

Van Helmont carried out an experiment and described the results which were published only after his death.

Th

e description was brief and is found (translated) below.

-

~

| took an earthen pot and in it placed 200 pounds of earth which had been dried out in an oven. This | moistened
with rain water, and in it planted a shoot of willow which weighed five pounds. When five years had passed the
tree which grew from it weighed 169 pounds and about three ounces. The earthen pot was wetted whenever it
was necessary with rain or distilled water only. [t was very large, and was sunk in the ground, and had a tin plated
iron lid with many holes punched in it, which covered the edge of the pot to keep air-borne dust from mixing with
the earth. | did not keep track of the weight of the leaves which fell in each of the four autumns. Finally, | dried
out the earth in the pot once more, and found the same 200 pounds, less about 2 ounces. Thus, 164 pounds of
wood, bark, and roots had arisen from water alone.”"

"Helmont, J.B. van. (1662). Oriatrike or Physick Refined. London: Lodowick Loyd.
(translated by John Chandler).

Van Helmont was one of the people who changed science by taking a different approach. What did he
do that was different?

If you had done this experiment, what title would you have put above your lab report? In other words,
what would have been your research question?

What was Van Helmont's conclusion?

One ounce is 28.35 g. One pound is 454 g.

How much had the mass of the tree increased (in kg)?

How much mass had been lost from the soil (in g)?
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f. Do you think Van Helmont proved that the wood, bark, and roots had NOT come only from the minerals
in the soil? Explain your answer.

g. Do you think Van Helmont proved that the wood, bark, and roots had arisen from water alone? Explain
your answer.

2. We know that plants make their own food by photosynthesis. This fact, and how plants actually do this,
took a lot of time and the input of many scientists to unravel.

Van Helmont made a very important start when he proved that the increase in the tree's biomass could
not possibly come only from the minerals in the soil. A second important discovery was made by Joseph
Priestly (1733 — 1804) when he placed a lighted candle under a glass jar.

Experiment
Read the experiment below.

Method:
1. Take at least three small candles, A, B, and C.

2. Place each on a plate and light them.

3. Take alarge glass or glass jar in one hand and a smaller one in the other. Place the large jar over candle
A, the small glass over candle B, and leave candle C uncovered.

a. What is the dependent variable (what you measure)?

b. What is the independent variable (what you decided to change)?

c. What do you expect the results to be? Explain your reasons.

Hypothesis:

If you wish, you can repeat the experiment.

d. What do you observe? Give the reason(s) why this may be happening.

Results:

e. What is the function of candle C?
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Chapter 5 | Plants and photosynthesis

3. Joseph Priestly did this experiment in 1774 and found that the burning candle went out when under a glass
jar. When he tried to relight the candle some days later, it would not light. However, if he added a small
plant to the container, he could relight the candle after a few days.

s U Y Y e

\ 4

P

-

I3 =

( https://www.education.com/activity/article/candle-snuffing-contest/ )

Priestly concluded that the candle ‘spoiled’ or ‘injured’ the air and that the plant ‘refreshed’ or ‘restored’ it.

Further discoveries by other scientists included the findings that the plant will only ‘restore’ the air when
it is in sunlight and soon afterwards; it was found that plants absorb carbon dioxide; and finally, that the
increase in a plant’s biomass had to be caused by the uptake of both carbon dioxide and water.

So, you now know how plants make their own food and create biomass and you can complete the chemical
word equation. Put the words in the right places to complete the equation for photosynthesis.

biomass carbon dioxide oxygen water

+ — +

Read page 69 of your Student Book to check your answer.
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Worksheet 5-2 <5

In the previous lesson, you came across the importance of experiments to test your scientific hypotheses. It
is important to test if our word equation for photosynthesis is indeed correct. From Van Helmont, Priestly, and
others, we found that

carbon dioxide + water — biomass + oxygen.

Research has shown that the first biological molecule made in photosynthesis is glucose. All biomass is made
from glucose.

So we can rewrite the equation as it is given on page 69.

light
carbon dioxide + water —— glucose + oxygen.

In order to test if this reaction takes place, we can, theoretically, test for four things. We can test if the amounts
of carbon dioxide or water become less (because they are used up), or we can test if glucose or oxygen is
present because they are produced.

Different experiments given in the workbook can be conducted in Labs to test the following:

1. Experiment A: Testing whether starch is produced during photosynthesis. Plants almost immediately change
glucose into starch, so we can test for the presence of starch.

Experiment given in workbook page 30, Question no.5 i
2. Experiment B: Testing if oxygen is produced.
Experiment given in workbook page 31, Question no. 6
or
Method B2 : Using leaf discs.
Instructions for making the solution of bicarbonate solution (baking soda).
i.  Each student will need about 300 ml.

ii. For 1 litre solution (1 dm?3) you will need to dissolve 17 g of baking soda into 1 litre of water. Add 1 drop
of detergent to make it easier for the solution to be drawn into the leaf. The detergent should not be
enough to cause bubbles.

iii. Set up your experiment in the following way or study this information carefully.
1. Get 1-2 dark green leaves from your teacher. They may be spinach or other leaves.
2. Use ahole punch or a large strong straw to punch out 20 leaf discs. Avoid veins and irregular areas.

3. Remove the plunger from a 5 cm? or a 10 cm? syringe and gently place the discs inside. Put the
plunger back in place.

4. Add 5-10 ml of bicarbonate solution to your syringe and remove the air.

5. Put your thumb on the syringe and pull out the plunger to create a low pressure. This takes the air
out of the leaf and you may see bubbles on the outside of the leaf.

6. Repeat several times until (almost) all your discs are sinking. Tap the syringe in between to move
the discs.

7. Put your syringe on the plunger (with the opening pointing up) in good light (sunlight or a lamp)

8. In about 10-20 minutes, the leaf discs should rise.
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Chapter 5 | Plants and photosynthesis
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a. When you put the discs in the syringe and added the solution (before creating the low pressure), your discs
floated. Looking at the diagram, what element of the leaf made these discs float?

b. Thinking about what is needed for photosynthesis, can you deduce the reason for using a solution with
bicarbonate rather than water in this experiment?

c. What happened in the leaf discs during the 10-20 minutes before they started to rise?

d. [f the leaf discs had been kept in the dark, would the same have happened?

e. What gas caused the leaf discs to rise?
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3. Experiment C: Testing whether carbon dioxide is needed for photosynthesis

airtight seal S
@

plastic bag

soda lime

A plant is put in a dark cupboard for 2-3 days. During this time, it will not photosynthesize and will use up
all the starch from its leave. One leaf is taken off the plant (keeping it in the dark) and immediately tested
for starch.

What will the starch test show?

A plastic bag with some soda lime is put over one of the leaves and the plant is put in the light. After 4-24
hours, the covered leaf and another leaf are tested for starch.

What will the covered leaf show?

What will the other leaf show?

Why were two other leaves tested (one after the plant had been in the dark and the other after it had been
returned to the light)?

4. Testing whether light is needed for photosynthesis

Experiment given in workbook p 30, Question no.5 i
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Chapter 5 | Plants and photosynthesis

Worksheet 5-3 <2

1. If you were to take a glass of fizzy water (water with carbon dioxide), put it in the Sun for some time, and
then test it for starch, would you expect to find starch present? Explain your answer

2. So what do we need to add to the equation that, so far, we have not included? Write the missing word in
the box.
light
carbon dioxide + water — glucose + oxygen.

Which experiment will prove that we not only need a plant,
but also chloroplasts, for photosynthesis to occur?

Testing whether chlorophyll is needed for photosynthesis

A plant with variegated leaves is put in a dark cupboard for 2-3 days.
During this time, it will not photosynthesize and will use up all the starch
from its leave. One leaf is taken off the plant (keeping it in the dark) and Variegated leaf
immediately tested it for starch.

3. What will the starch test show?

4. The plant is put in the light. After 4-24 hours, a leaf is tested for starch.

What will the leaf show? Explain your observations

Look at the diagram of the leaf below and compare it with the diagram on page 69.

Upper{

epidermis L < -

Mesophyll - %, < 2" “e\space & .2 O
:.'-. stomal e

Lower [P ‘
epidermis L. @

Guard cell with chloroplasts

In the diagram above, colour the chloroplasts (which contain chlorophyll) green.
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5. Where do you find these chloroplasts? Give the name of the layer of cells.

6. You also find chloroplasts in the guard cells which open and close the stomata (leaf pores). In which layer
do you find the stomata?

(The singular is “stoma” while the plural is “stomata” So, one stoma, two stomata.)

7. The upper skin (or upper epidermis) is transparent. Why is this important?

8. The structure of the leaf is adapted to best suit its function.

Write the correct structural adaptation of the leaf with the given function needed for photosynthesis.

| chlorophyll | large surface area | network of veins | stomata | thin

allows carbon dioxide to diffuse into the leaf

absorbs sunlight energy needed for photosynthesis

The absorbed carbon dioxide only has to travel a short distance to reach the chloroplasts.

to absorb more light at the same time

to bring water and minerals to the leaf and to take away the glucose produced

The leaf has a network of veins to bring in water and minerals, but where do these come from? Just as
the leaf is specially adapted for photosynthesis, the structure of the roots is very well suited to taking up
water and minerals.

Plants have different-looking roots. Some plants have very deep roots, others have many shallow roots,
and others have roots that are also used for storing food (like carrots).

However, all roots anchor the plant in the soil and take up water and minerals. Read pages 73,74, and 75,
and write the correct structural adaptation to the function of the root.

| large vacuole | living cells | network of veins | root hairs |

increase the surface area so more water can be absorbed

to absorb and hold as much water as possible

take up oxygen from the air spaces in the soil and can release energy which they use to
take up some minerals from the soil

to take water and minerals to other parts of the plant and to bring food
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Worksheet 5-4 ,‘% Chapter 5 | Plants and photosynthesis

1. List the four main ways that plants use glucose, and briefly explain the main point of each. Read page 73
for information.

use of glucose main point

2. Animals, including humans, use plants for food. Even when we eat meat, the chicken we are eating was
eating grain from plants as it was growing. All food originally comes from plants.

However, humans make use of plants in many other ways. Can you think of at least 5 other ways?
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Chapter

Particles

UNIT FLOW CHART

Matter can exist in more than one state: solid, liquid, or gas.

/

The state of a substance depends on how the particles in it are arranged.

'

Evidence for the existence and behavior of particles.

'

Expansion and contraction

INTRODUCTION

This chapter deals with the nature of all the materials we see around us every day.
They are so common and so much a part of our lives that we take them for granted.
Of course ice melts into water and boils into steam. Of course we do not build bridges
from orange juice (or other liquids). What we try to do in this chapter is to take the
‘of course’ knowledge and look at the reasons for it. Why is orange juice not the best
building material?

As before, some experiments have been included in this chapter. It would be great
if students could do them (hands-on) so that they learn the skills needed in the lab.
At least as important is the fact that most students prefer doing an experiment to
watching a demonstration or video. Our future generations need scientists, and it is
our responsibility to create the interest among our students.

Too often, students perceive what they learn at school as being separate from ‘real
life’, so this unit (as all others) aims to include as many examples from ‘everyday life’
as possible.
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Page 80

OBJECTIVES

¢ To show how the particle model can be used to
explain the differences between solids, liquids,
and gases

LEARNING OUTCOMES
After this lesson, students should be able to:

e classify materials as solid, liquid, or gas.
e describe materials as being made of particles.

e describe the movement and arrangement of
particles in a solid, a liquid, and a gas.

START (5 min)

Show students an ice cube, a glass of water, and
a boiling kettle with steam coming out. Ask them
what the differences are between the ice cube, the
water, and the steam. Students should recognize
that they are all water, but in different states (solid,
liquid, and gas).

MAIN (15 min)

Hand out worksheet 6-1 to students.

As mentioned in the worksheet give students a stone,
different size cups or beakers, a way to measure

100 ml of water, and a balloon. Ensure each student
records his/her answers.

PLENARY (15 min)

Discuss the answers and the reasons for the answers
given by the students.

HOMEWORK

Complete the second half of the worksheet (fill in
the blanks).

Pages 80-81

OBJECTIVES

e To show how the particle model can be used to
explain the differences between solids, liquids,
and gases

Chapter 6 | Particles

LEARNING OUTCOMES
After this lesson, students should be able to:

e describe the movement and arrangement of
particles in a solid, a liquid, and a gas.

START (10 min)
Read pages 80 and 81

MAIN (15 min)
Hand out worksheet 6-2 to the students.

Do the activity from Worksheet 6-2.

PLENARY (15 min)

Go over the questions in worksheet 6-2 and relate
the information to both the activity and their drawings
of the particles in different states (gas, liquid, solid).

HOMEWORK
Workbook page no. 37

Pages 82-84

OBJECTIVES

¢ To show how the particle model can be used to
explain the differences between solids, liquids,
and gases

LEARNING OUTCOMES
After this lesson, students should be able to:

e describe the movement and arrangement of
particles in a solid, a liquid, and a gas.

START (10 min)
Read pages 82 — 84 of Student Book.

MAIN (25 min)

Hand out worksheet 6-3. Carry out the experiment
mentioned in the worksheet. As always, it is
preferable if students do this experiment themselves.
If this is not possible, the next best option is for a
few students to demonstrate it at the teacher’s desk
while the others watch. (But please do not choose
the same students every time you use this approach.)
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PLENARY (10 min)

Compare the speed of diffusion in air and in liquid.
Relate this to the speed of the particles.

Page 86

OBJECTIVES

e To show how the particle model can be used to
explain the differences between solids, liquids,
and gases

LEARNING OUTCOMES
After this lesson, students should be able to:

e use the particle model to explain pressure in
gases.

START (15 min)

Do the experiment as described in worksheet 6-4
as a starter. Be aware that students will want to see
this more than once, so have several cans prepared—
preferably with water in them and (almost) boiling to
speed up the process.

http://Mmww.wikihow.com/Crush-a-Can-with-Air-
Pressure

This site contains some suggestions to help students,
but also a video at the end if the experiment cannot
be done in class. Although it is the same experiment,
it is spectacular when done in class, but a lot less
interesting on the video.

MAIN (20 min)
Read page 86 of Student book.

Answer the questions on worksheet 6-4 and Test
yourself questions on page 86.

PLENARY (10 min)
Discuss the following observations with students.

Changes in air pressure can be felt in your ears. Even
though the cabin of an aircraft is pressurised, the
pressure is lower than it was before take-off and
you can feel this in your ears. Yawning or swallowing
will equalize the pressure on either side of your ear
drums and you will no longer notice the reduced
pressure.
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If students have taken a closed bag of crisps with
them on an aeroplane, they may have noticed it
seemed to contain more air after takeoff. This again
is caused by a drop in air pressure outside the bag,
so that the difference in pressure makes the bag
seem bigger (although, unfortunately, not with more
crisps but with more air!).

The reverse happens if you put the screw cap back
on your partly-finished water bottle during the flight
and only opened it after landing. Chances are you
found your bottle had collapsed a little.

Page 85

OBJECTIVES

¢ To show how the particle model can be used to
explain the expansion and contraction of solids,
liquids, and gases, and pressure in gases

LEARNING OUTCOMES
After this lesson, students should be able to:

e use the particle model to explain the expansion
and contraction of solids, liquids, and gases.

START (20 min)
Demonstration:

Put a glass bottle in a bowl of ice. Leave it for 5-10
minutes. Put a balloon over the bottle opening and
transfer the bottle into a bowl of warm water. The
balloon should inflate. Placing it back into the bowl
of ice should shrink the balloon again.

https://www.teachengineering.org/activities/view/
cub air lesson04 activity4

Ask students what causes the balloon to inflate and
shrink. Do not confirm or deny any answers.

If you have the metal ball and ring or the metal bar
as described on page 85 of the student book, please
demonstrate it. If not, you can search the internet
for a video, using search tems like: ‘Expansion and
contraction ball and ring experiment’, or something
similar.



Chapter 6 | Particles

MAIN (15 min)

Hand out worksheet 6-5 and ask students to read the
information, together with page 85 in the Student
Book, and answer the questions. Go over their
answers.

PLENARY (5 min)

Introduce the idea that if something becomes larger
with the same number of particles, the particles
are further apart (with more empty space between
them). This means the density becomes less. This
concept is used in hot air balloons.

HOMEWORK
Test yourself questions on page 85

REVISION
Test yourself questions on page 84
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Worksheet 6-1 <5

Experiment: The properties of different states of matter.

Form groups with your class-fellows and perform the following three experiments. Follow the directions
and record what you observe. Discuss your conclusions in your groups and then each of you record your

conclusions below.

a. Astone
Action Observation Concluding statement about solids
Try to press and squeeze the stone. Shape
What happens to its shape and
volume? Volume
Put the stone in different-shaped Shape
containers. Does the shape or the
volume of the stone change? Volume
b. Water
Action Observation | Concluding statement about liquids

shaped containers. Observe what

different-shaped containers.

Measure 100 ml of water into different-

happens to the volume and shape of

Shape

the water when you place the water in

Volume

c. Aballoon

Action

Observation

Concluding statement about gases

Blow up the balloon. Does its shape Shape
and volume change?
Volume
d. A sponge
Action Observation | Concluding statement about

the sponge - why did it behave
differently from the stone?

and volume change?

Squeeze the sponge. Does its shape

Shape

Volume
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Chapter 6 | Particles

2. Fillin the gaps in the sentences below, using words from the box. You may need

to use some words more

than once.
dense fill lower squashed
density fixed properties volume
easy flow rise
a. All solids have some things in common. These are called the of solids.
b. Solids have a volume.
c. They cannot be
d. They also have a shape which cannot be changed, making them ideal materials
to use to build large structures such as bridges.
e. They do not and so they cannot be poured.
f.  Solids also have a high which means that their mass is higher than the same
of other materials.
g. Like solids, liquids cannot be
h. They have a which is fixed.
i. However, they are different from solids because they can quite easily and have
no shape.
This means that they always take the shape of their container.
J. Although liquids are , they usually have a density than
solids.
k. Gases are quite to squash and so they have no fixed
|. They also have no shape.
m. They will spread out and any shaped container.
n. Gases are less than liquids (which is why bubbles ina

fizzy drink).
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Worksheet 6-2 12

1. Activity

Ten students should line up and close their eyes. It would be best to be away from windows, fans, and/or
air conditioners.

The teacher will spray some perfume onto a tissue and place it at the end of the line. Each student should
raise her/his hand when she/he smells the perfume. Students not in the line should record the time between
spraying the perfume and each student raising her/his hand.

Wirite down in the table below how long it took for each student to smell the perfume. Write the time in
seconds.

student time (in seconds) student time (in seconds)

—_

olw|~|o

ISLI e B

a. Which students smelled the perfume first?

b. Were they close to the tissue or far away?

c. How can all students smell the perfume after some time if they are not near the tissue?

2. Remember what you know about the particles in different states.
Draw the arrangements of the particles in a solid, a liquid, and a gas in the boxes below.

Refer to page 82 of your Student Book.

solid liquid gas

3. Answer the questions below.

Are there big spaces between the particles in a solid? yes/no
Are there big spaces between the particles in a liquid? yes/no
Are there big spaces between the particles in a gas? yes/no
When you compress a substance, do the particles get smaller? yes/no
When you compress a substance, do the spaces between the particles get smaller? yes/no
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1. Experiment:
Diffusion of food colourant in hot and cold water.

Method:
i. Collect two glasses.
Fill one with hot water, and the other with cold water.
i. Leave the water to stand for a minute or two so that it has stopped moving.
iil. CAREFULLY put one drop of food colourant in the water. Make sure you do NOT stir the water.
iv. Leave the glasses of water absolutely still.

v. Draw a diagram (A) of each glass to show what it was like just after you put the coloured substance in
the glass.

vi. Look at the glasses again after 5 minutes. How far has the colour spread through the water? Draw
another set of diagrams (B) to show what has happened.

vii. Draw a third set of diagrams (C) to show what has happened after 15 minutes.

Hot Cold Hot Cold Hot Cold

(A) after putting in colour (B) after 5 min (C) after 15 min

Considering your results/conclusions

Complete these sentences.

a. The longer you leave the water, the more the colour

b. The hotter the water, the the colour spreads out.

c. Thisis because in hot water the particles are moving than in cold water.

d. How long did it take before the last student smelled the scent?

e. What was the distance between this student and the scented tissue?

f.  If you compare this with the distance the colour diffused in water in 5 or 15 minutes, what can you
conclude about the speed of diffusion in a gas compared to the speed of diffusion in a liquid?
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1. Demonstration - Gas pressure. i“
Your teacher will show you the following experiment. P

A large bowl! of very cold water (containing ice cubes)
has been prepared and is placed on a table.

(@}

=

. o
Nearby, your teacher will put a small amount of water
into an empty can. The can is put on a hot plate until
water vapour starts to come out. The teacher will take

the can, using tongs, and put it in the large bowl of cold

water. ) -Q—
hot

a. What did you see?

19

b. Some force was needed to make this happen. Which direction did this force come from?

c. What was in the space that provided this force?

d. What force was it?

e. Why did the can collapse after being put in cold water and not before?

When air pressure is the same on all sides, we do not notice it. But when the pressure is higher on
one side than on the other (for example, more air pressure outside the can than inside), we suddenly
realize that air pressure is a big force.

D ovow
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How does thermal expansion affect our lives?

As you saw in the lesson and read on page 85 of the Student Book, materials expand when heated. Gases
expand most, but liquids and solids also expand. This can be inconvenient as you can see in the picture below.

a. What do you think happened?

b. Why do you think this may have happened?

c. To prevent this problem, people constructing railway
tracks ensure they leave small gaps between each
section of the metal track.

How does that prevent the problem?

People also make use of the fact that solids, liquids, and gases expand on heating.

d. Inside the thermometer there is mercury, the only metal which is liquid at room temperature. Explain what
happens when the thermometer is placed in the tube with hot water.
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Worksheet 6-6 42 - TN

1. Student activity - Oil and temperature

Oil molecules are relatively large and sometimes do not move past each other easily. This makes the oil
thick and viscous.

Ali, Sarah, and Essa each did an experiment to find out if oil became runnier when it was heated.

These are their results:

Temperature (°C) Time for oil to run through funnel (in seconds) a‘g:%i;i;'e
Ali’s results Sarah’s results Essa’s results
22 138 124 132
30 55 52 57
40 35 33 36
50 25 24 27
60 22 23 21
70 20 19 20
80 19 19 18

a. An experiment is always done to answer a question. This question is called the ‘research question’.
What could the research question have been for this experiment?

b. Remember that the dependent variable is the thing you measure, and the independent variable is the
thing you change. What were these variables for this experiment?

dependent variable

independent variable

c. Why do you think their coolest temperature was 22 °C instead of 20 °C?

d. Work out the average time for each temperature and add it to the table above. Work out the average
by adding all three results together, and then dividing by 3. Write your answers to one decimal place.
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Chapter 6 | Particles

e. Plot a graph of these average values against the temperature.

Use the space below.

Average time needed for oil at different temperatures to run through a funnel
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Temperature of the oil (°C)

f. What is your conclusion from this experiment? Go back to the research question and see if you can
answer it. What would be the reason for this happening?
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Chapter

Forces and their effects

UNIT FLOW CHART

We experience forces constantly in our daily lives

/

Forces can be measured

'

Why do thinks float?

'

Using force to stretch materials

'

What is weight?

'

Friction slows things down

INTRODUCTION

We should consider that forces cannot be seen and this may lead to incorrect
assumptions, such as that an object will stop by itself unless a force continues to move
it. So we need to make students aware of the forces of friction and air resistance. It
provides the chance to put things in perspective: friction can be good or bad, depending
on the circumstances.

This chapter, more than any other, makes students see the limits of their everyday
perspective as a human on Earth. By questioning why things are the way they are,
rather than taking them for granted, students can learn basic principles of science.

As with other sections, please attempt to allow students to engage in experiments
and hands-on activities as this is the basis of an inquiry-based subject such as science.

It also provides opportunities for co-teaching with an IT colleague and showing that
subjects do not exist in isolation.



Pages 90-91

OBJECTIVES

e to build on previous work on force and its
measurement

e to distinguish between mass and weight

e to identify the origins of weight and describe
situations in which these forces act

LEARNING OUTCOMES
After this lesson, students should be able to:

e identify directions in which forces act.

e describe the effects of two forces acting in
opposite directions.

e explain balanced forces.

e distinguish between mass and weight.

START (10 min)

Ask a student to push a book across the table, another
to hold a pencil above the table, and someone to
crumple up a piece of paper.

Imagine that the book was made of a special material
and weighed 1000 kg and the student wanted to
push it, what would need to be different? What if
the pencil weighed 1000 kg? What if the paper were
a sheet of steel?

In the discussion, the concept of ‘force’ will come
up. So ask what a force is? Can forces be seen?
Then, how do we know they exist? Forces cannot
be seen but their effects are visible; e.g., the book
is in a different position, the paper is crumpled, and
the pencil did NOT fall down.

Ask students to write examples of forces on a sheet
of paper to display on the wall.

MAIN (20 min)

Ask students how they would portray the concept
‘force’. They can either draw it or act it, but no written
or spoken words. This should lead to the conclusion
that ‘a force is a push or a pull'. Add this sentence
as a heading to the examples of forces displayed on
the wall.

Go through the worksheet, either individually, or in
groups, or as a plenary session.

Chapter 7 | Forces and their effects

Use the first part of worksheet 7-1 to convey two
messages:

1. Forces cannot be seen—but their results can be
seen.

2. Forces can be represented by arrows since they
have a direction and a magnitude (i.e. the length
of the arrow represents how strong the force is).

Ensure students understand that more than one
force can act on an object at the same time and
that balanced forces (equal but in opposite directions)
cancel each other.

Gravity is one type of force. If you wish, you can
provide additional information about Newton and/or
his work leading to his law about gravity. Information
is easily available on the internet.

The concept of gravity leads to the difference
between mass (how much there is, measured in kg)
and weight (how strong the force of gravity is on this
object, measured in N). The example focuses on the
fact that Armstrong (first man on the Moon) walked
and even jumped there, despite his heavy space suit).
His mass was the same (he did not become thinner)
but his weight on the Moon was less than on Earth.

PLENARY (15 min)

A lot of things were covered in this worksheet. Ask
students to list them, summarize what they learned,
and ask for clarification or pose additional questions.
This could be done in a plenary session.

HOMEWORK
Read pages 94-95 of the student book.

Page 91

OBJECTIVES

e To identify the origins of up thrust and describe
situations in which these forces act

LEARNING OUTCOMES
After this lesson, students should be able to:

e explain why things float, and explain the concepts
of density and balanced forces.
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START (15 min)
Introduce the concept of floating and sinking by asking
the students what this means in their everyday life.

Then do the experiment with the pieces of aluminium
foil in worksheet 7-2. It is a simple experiment that
students should be able to do individually or in small
groups.

Discuss their findings and relate findings and/or
comments to the concept of density.

MAIN (15 min)

Support students working through worksheet 7-2.
You could demonstrate the two methods of finding
the volume of an irregular object.

PLENARY (15 min)

Use the last part of the worksheet to go back to the
experiment. The boat displaced more water because
of its shape, so it floated.

HOMEWORK

Test yourself questions on page 92 of Student Book
or

Workbook page 42, Question 5
Workbook page 43, Question 6

Page 90

OBJECTIVES
e To build on previous work on force and its
measurement

LEARNING OUTCOMES
After this lesson, students should be able to:

e describe the effects of tension and compression
forces.

e describe how a force may be measured.

START (15 min)

You can put a ruler on two erasers (or other supports)
and push down in the middle. The ruler will bend a
little. Ask students how safe they would feel, crossing
a river on a bridge that bends. Would it make a
difference if they were on foot or in a car?
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MAIN (15 min)

Support students working through worksheet 7-3.
When things bend, one side will be longer than the
other. In solid objects (not like a book where the
pages are separate and can slide past each other),
this causes compression and tension. Either of these
could (and would) damage a bridge, so these forces
need to be divided over other parts of the structure
to avoid bending.

If you wish to extend this, you can find information
about the structure of bridges on the internet. If you
have time, invest a few lessons on creating spaghetti
bridges as this enhances students’ understanding.
It could also be a school activity outside class time.

Springs have the unigue ability to change shape when
a force acts on them, but to return to their original
shape when the force is removed. It would be great
to have some springs or force meters for students to
get hands-on experience working with them.

PLENARY (15 min)

You could discuss an example of a student destroying
a force meter by putting too much force on it. It
can no longer be used by others. What are the
consequences of inconsiderate (or even downright
destructive) behaviour on a community? What is a
social conscience? Should we look after others we
know? What about those we do not know—such as
students in other classes?

Page 92-93

OBJECTIVES

e To build on previous work on force and its
measurement

LEARNING OUTCOMES

After this lesson, students should be able to:

e explain the term elasticity and describe how the
elasticity of a spring may be measured.

START (15 min)
Read page 93 with students.



MAIN (15 min)

Hand out worksheet 7-4 to students. This activity
about data analysis could be done in collaboration
with the IT department. Students could use Excel
to calculate the weights from the given masses and
could use the data to plot a graph (by hand or using
Excel).

Students will need support on graph plotting—even
by hand. Reinforce that the independent variable is
put in the X-axis while the dependent variable goes
on the Y-axis.

If they plot by hand, ensure that the axes are linear
(e.g. if thereis 1 cm between 1N and 2N, then there
should also be 1 cm between 7N and 8N, and 10
cm between 20N and 30N). Ensure students do not
simply plot the next value on the next gridline.

PLENARY (15 min)

Discuss how a graph can help data analysis in
general, and use the example of these data where
the straight line of the results suddenly goes up
more steeply after 0.4 N. Refer to page 92 and the
explanation of the elastic limit. If you wish, this can
be demonstrated by pulling a spring (e.g. from a ball
pen) out of shape. You can also show that the spring
can then no longer be used. If you wish, refer to the
relationship of structure and function.

HOMEWORK
Test yourself questions on page 93 of Student Book.

Page 95

OBJECTIVES

¢ To identify the origins of friction, air resistance,
upthrust, and weight, and describe situations in
which these forces act

e To show that the stopping distance of a car is
influenced by a number of factors

LEARNING OUTCOMES
After this lesson, students should be able to:

e identify friction and air resistance as forces that
slow things down.

e describe how the effects of friction and air
resistance can be reduced.

Chapter 7 | Forces and their effects

START (10 min)

Show students this picture and ask them what they
think happened?

Someone is likely to use the word ‘slipped’. (If not,
you can ask them why they think the man fell.)

Why did the person slip? Maybe because the ground
was slippery. What is the difference between a
‘normal’ surface and a slippery surface?

If students do not come up with the word 'friction’,
then introduce it yourself.

MAIN (20 min)

Read the beginning of worksheet 7-5 with students
or ask them to read it themselves. Discuss the
information provided to ensure all students
understand.

The pictures of the bicycles given in worksheets
already show that friction slows us down but, at the
same time, is necessary.

Before moving on to air resistance, ask students to
come up with examples where we need friction and/
or problems caused by a lack of friction. Examples
could include walking (and slipping on ice or oil),
lighting a match, sanding a piece of wood to make
it smooth, car’s tyres when going round a corner or
braking, writing would be difficult without friction
between pen and paper, friction between the floor
and your chair ensures your chair does not move in
all directions when you change position, your socks
would fall off your feet without friction, etc.

AIR RESISTANCE

If you wish to expand this section, you could provide
pictures and compare the shape of the first aircraft
with current ones, and even include space ships
(function of wings could be discussed). If you do
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so, be sure to have read up on the reason wings
provide lift in air and why it is not needed in space.

When you discuss brakes, you could have a bicycle
with this type of brakes in the room.

It shows the principle of the brake but is a little more
intuitive to understand than the car brake. Ideally, a
mechanic could show a car brake.

Please ensure you understand the calculations for
determining thinking distances.

PLENARY (15 min)

Industry has improved the brakes of cars so that,
under ideal circumstances, car can be stopped in less
time and distance than some years ago. However,
industry can only reduce the time and distance the
car covers after the brakes are applied. The time it
takes for the driver to think and actually put his/her
foot on the brake has not really changed.

It has been shown that this ‘thinking time’ (page
97 of the student book) is much longer when the
driver is distracted and his/her attention is not fully
on the road. Research suggests that the use of
mobile phones, especially reading or sending text
messages, is a main factor in many traffic accidents.

If you want to show a (funny) clip which makes this
point, then do a video search on ‘you can't even text
and walk'".
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Worksheet 7-1 ,‘% Chapter 7 | Forces and their effects

1. You cannot see a force, but you can see the result of a force. A force can change the direction or the speed
of an object, or it can change its shape.

Place an eraser on your table. With a pencil, push the eraser as shown in the pictures.

L

- .
_—

(https://vvww.tes.com/lessons/vvFVl\/lYVNxTu m_tg/force )

a. Which way does the eraser move?

b. Consider what would happen if you give the eraser a light push? What would happen if you give it a
harder push?

c. Look at what you wrote down above and complete the conclusion about a force.

A force has a and a

This is the reason that forces are often drawn as arrows. The direction of the arrow ——
==

indicates the direction of the force and the size of the arrow shows the magnitude
(= strength) of the force.

2. Consider the picture below.

a. In words, describe what is happening. Use words like ‘force’ and ‘pull’.

b. If both teams are equally strong, what happens to the handkerchief tied to the middle of the rope?
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If you represent the forces applied by the teams as arrows, you would see the following:

c. If both teams stop pulling, will there be a difference to what happens to the position of the handkerchief?

d. We started this worksheet by saying that a force can change the direction or speed of an object or it
can change its shape. Did the handkerchief change speed or direction or did its shape change?

So, even though two teams were putting in a lot of effort, as the forces they generated were equal in size
but opposite in direction, they cancelled each other out. These are called balanced forces.

3. One type of force is gravity. You know that if you push something off the table, it will fall down and you
probably never questioned this fact. However, in the 17" century, Sir Isaac Newton, seeing an apple fall
from a tree, wondered why the apple always fell straight down, and never sideways or even up. He worked
out his theory of gravity which says that all objects attract each other and that this attraction force is
bigger when the objects are bigger and closer.

Since Newton made many other discoveries related to forces, we call the unit of force, the Newton.

In 1969, Neil Armstrong was the first man to walk on the Moon. He had to wear a heavy suit to protect
him from conditions different from those on Earth. Still, with this heavy suit, he was able to walk and move
fairly easily on the Moon, and there are even videos on the internet of him jumping.

On Earth, Armstrong might have found it difficult to do all these things, wearing his heavy suit.

a. What do you think this information about Armstrong tells us about gravity on the Moon compared to
on Earth?

b. Which is bigger, the Earth or the Moon?

c. Do your two answers above match with Newton's theory of gravity which you just read?

d. If someone had weighed Armstrong, wearing his suit, on Earth and on the Moon, where would he have
weighed more?
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Chapter 7 | Forces and their effects

e. What if the same had been done while he was floating in his spaceship? What would the scales have
shown then?

Armstrong was the same person, wearing the same suit, but you think correctly that his weight on Earth
and on the Moon were not the same. You are actually saying that Armstrong’s weight depended on the
gravitational field (of Earth or the Moon) or no gravity at all (floating in space).

The conclusion is that the weight of an object (or person) is a force and depends on gravity. As forces are
measured in Newtons, the weight of an object (or person) should be expressed in Newtons.

But Armstrong still had the same mass because his spacesuit still fitted him—even on the Moon.
4. Read page 94 of the Student Book and answer the questions below.

a. Does the weight of an object change when gravity changes?

b. Does the mass of an object change when gravity changes?

c. Weightis a force and measured in

d. The mass of an object tells us how much of it there is. It is measured in

e. When discussing the fact that gravity on Earth is greater than on the Moon, should we consider the
mass or the weight of the Earth and the Moon?
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Worksheet 7-2 <5

1. Experiment
i. Take two pieces of aluminium foil of exactly the same size
i. Crumple one piece into as tight a ball as you can.
iii. Fold the other piece into the shape of a boat.

iv. Put both of them in a bowl of water

What happened to each piece of foil?

and shape.

a. ball
b. boat
2. Up thrust

When you are in the swimming pool, with the water up to your middle, you seem to weigh less than on
land. Whereas gravity pulls you down, the water seems to push you up. As indicated on page 91 of your

Student Book, this force is called upthrust.

How much this upthrust, depends on the volume of the object (or person), although the pull of gravity on

Earth is relative to the mass of the object (or person).

If the upthrust is larger than the pull of gravity, the object will float. If the force of gravity is more than the

up thrust, the object will sink.

!
©

J

|

a. What is the force of gravity on a small but heavy object?
b. What is the up thrust on a small but heavy object?

c. Will a small but heavy object sink or float?

d. What is the force of gravity on a large but light object?
e. What is the up thrust on a large but light object?

f.  Will a large but light object sink or float?
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Buoyant force Buoyant force
A8 )

big/small
big/small
sink/float
big/small
big/small
sink/float
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3. Read the section on density on page 92.
You found a beautiful blue stone on the beach. Is it a sapphire?
The density of a sapphire is 3.98 g/ml. What is the density of your stone?
The mass of the stone is 3.1 g.

The volume of the irregularly shaped stone can be found by putting it in water. The stone wiill take up space
(where water particles used to be), displacing the water. Therefore the level of the water will go up.

The easiest way is to use a measuring cylinder. There was a certain amount of water in the measuring
cylinder (volume 1). After adding the stone, the water level went up and is now at level 2. This ‘extra’ volume
is caused by the stone.

level 2 —level 1 = amount of water displaced = volume of the stone.

If the object does not fit in the measuring cylinder, you can use another container. Put it on a plate or tray
which will catch the spilled water and fill the container to the rim. Gently lower the object into the water.
Some water will spill out. The volume of the spilled water is the same as the volume of the object. So
pouring the spilled water into a measuring cylinder will tell you how much water was displaced, which is
the volume of the object.

Suppose there was 20.50 ml of water in your measuring cylinder. After adding the stone, the water level
went up to 21.75 ml.

What was the volume of the stone?

mass g

Density of the stone = = =
volume ml

Is your blue stone a sapphire?
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