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Introduction
This teaching guide has been written to provide a resource for teachers that will 
make their teaching more effective, interesting, easy, and enjoyable for them and 
for their leaners.

The goal of this guide is to provide instructional tools in line with the National 
Curriculum of Pakistan 2006, and it will be useful for teachers of students in 
grade 7. It presents a teaching approach that encourages the active participation 
and involvement of students in the learning process, with an appropriate balance 
between thinking and hands-on activities. Sometimes students will be engaged 
in discussion, and if teachers use questioning effectively, it can improve their 
students’ thinking and communication skills.

To make the guide user-friendly, simple step by step instructions are provided. 
Each unit plan starts with a list of teaching objectives, key vocabulary, and a 
materials list. A total number of periods is also suggested for each unit, but the 
amount of time needed to complete each unit or activity may vary according to 
its degree of difficulty and the abilities and skills of the students. Teachers can 
adjust the times to suit their particular needs and context. Advanced preparation 
and clear instructions by teachers will help to minimize classroom management 
problems.
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One of the very important features of this teaching guide is that it promotes the 
effective use of the textbook in the classroom. All reading activities are based 
on the textbook. To avoid the traditional use of the textbook, the guide suggests 
interesting reading activities followed by questions and discussion sessions. 
Illustrations in the book are also used as a teaching tool. These activities teach 
the students to value and respect the textbook.

All materials suggested for the activities should be easily available at low/no cost: 
alternative materials can be substituted if necessary.

Each lesson plan consists of three parts.

1. Motivational activity

Each lesson begins with a motivational activity. This is a short introduction to the 
topic and should take only 5–10 minutes. The purpose of this activity is to engage 
the students’ interest in the selected topic. While going through the plans you 
will notice that each motivational activity is age-appropriate and directly relevant 
to the topic being taught.
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2. Developmental activity
This is the second part of each lesson. It is the stage of the lesson in which the 
main concept is developed, and should take 20–30 minutes. In this teaching 
guide you will notice that a variety of teaching methods have been used to enrich 
the learning experience. There is a blend of thinking and hands-on activities, and 
group, pair or individual activities. Since students have different learning styles, 
this blend of approaches will cater for the learning needs of most of the students.

3. Summing up
In this last stage of the lesson the main teaching points can be summarized 
and/or the students’ understanding of the new concepts can be assessed. This 
phase of the lesson gives students the opportunity to communicate what they 
have learned and can help the teacher to identify areas where more teaching 
may be required.

HOW TO USE THIS GUIDE
Following the simple guidelines given on the next page can help you get most 
out of this teaching guide. However, as all teachers know, in order to deliver the 
best lessons you should be thoroughly familiar with the subject matter before 
you plan your lessons.



1x

•  Always read the lesson plans thoroughly before the class to maximize 
confidence and command over your teaching. It will also enable you to modify 
in advance the plans to suit the needs of your particular students.

•  Collect and test all the materials listed in the plan before the lesson in order 
to obtain the required results. This will also minimize classroom management 
problems.

•  Instead of giving your input directly, introduce the key vocabulary using the 
glossary or dictionary. Involve the students in exploring the meanings of the 
key vocabulary using the glossary and if any meaning is not there, ask them 
to look up the meanings in a dictionary. You can also prepare flash cards for 
the new terms and display them on the walls. Before starting your lesson, 
ask the students to read these words aloud and share their meanings. This 
will help your students improve the pronunciation of the new scientific terms 
and their fluency in using these terms in discussion of the topics.

•  Before any activity, give clear instructions about what, how, and why they are 
going to do it.
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  At the end of every unit there is a summary of the main concepts taught in 
the unit. After completing all the activities and discussion, the students should 
be asked to read the summary and ensure that they have understood all the 
main points of the unit. As a reinforcement activity, they can also be asked 
to find the page number where information on each of the concepts mentioned 
in the summary can be found. The same can be done with the unit objectives 
given at the beginning of each unit.

•  At the top of each unit, near the unit name, there are icons; ask the students 
to explain how the pictures relate to the unit.

•  When they are ready to complete the end of unit exercises, encourage the 
students to write the answers using their own words rather than copying the 
words of the textbook.

•  The worksheets are a reinforcement of the lesson and can be used as a class 
work or homework activity.

I hope that this guide will prove useful in making the learning of science 
something to be looked forward to and enjoyed by teachers and students alike.



1

Unit 1Unit 11
Human organ systems
Teaching objectives
• to identify the various components of the human digestive system
• to explain digestion and its importance
• to explain how the digestive system digests various kinds of food
• to explain common disorders of the digestive system
• �to list the factors that lead to constipation and diarrhoea and the measures 

that can be taken to prevent them
• to describe respiration in humans
• to differentiate between the breathing and burning processes
• �to identify common diseases of the respiratory system and discuss their 

causes and preventive measures

Key vocabulary
digestion, specialized, oesophagus, stomach, small intestine, large intestine, 
gastric juice, enzyme, pancreas, gland, secrete, duodenum, ileum, gall bladder, 
bile, fatty acid, dehydration, nausea, bloating, constipation, inhalation, exhalation, 
larynx, pharynx, trachea, cartilage, alveolus, asthma, pneumonia, bronchitis, 
tuberculosis

Materials required
•� chart of digestive system
•� chart of respiratory system
•� white/ black board
•� coloured markers/ chalk
•� any food that the students can eat in the classroom
•� sheets of A4 paper
•� pens, pencils
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•� sheets of coloured paper: yellow, green, pink, blue, and purple
•� ¼ sheet of pink or gray poster paper (trachea)
•� 2 litre plastic bottle with base cut off (thoracic cavity)
•� medium-sized plastic bag large enough to fit over end of bottle (diaphragm)
•� two round, medium-sized pink balloons (lungs)
•� two drinking straws (bronchi)
•� 3 or 4 cottonwool balls
•� transparent sticky tape
•� thin rubber band

LESSOn 1 1 period
Motivational activity (5 minutes)
•� Ask students to take few bites of their lunch, or food you have provided, 

then ask the following questions:
•� What do you think is happening to the food you have eaten?
•� Why did you want to eat?
•� What does the body do to process the food?
•� What body parts are involved in this process?

Developmental activity (10 minutes)
Pages 1 to 4
•� �Ask the students to think about what is happening inside their bodies when 

they eat something.
•� �Based on their existing knowledge they should speculate on the path the food 

is taking as it is digested.
•� They should name the muscles, organs, and glands processing the food.
•� �Ask the students to read pages 1 to 4 of the textbook, as far as ’large intestine’.
•� �Encourage them to use the glossary at the end of the book to help them 

understand the text.
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Teacher’s input (10 minutes)
As the students read, explain the new terms introduced in this lesson. Then 
explain the organs of the digestive system in a systemic way using the charts 
and the diagram in the book. Explain how each organ is interconnected with the 
others. Describe the structure and function of each organ.

Provide information about physical and chemical digestion in the mouth including 
the teeth and saliva; physical and chemical digestion in the stomach including 
pepsin, bile, and HCl; the roles of the liver and pancreas; the functions of the 
duodenum, villi, jejunum, ileum, colon, rectum, and anus. You can use the 
example of a blender or a mallet as a model stomach to explain how food is 
prepared for absorption in the small intestine.

Group activity (10 minutes)
•� List the organs of the digestive system on the board.
•� Draw columns to list the structure and function of each.
•� Divide the class into 4 to 5 groups.
•� �Ask each group to take turns to write about the structure and function of each 

organ.

Summing up (5 minutes)
• Ask the students to summarize what they have learnt about the digestive 

system.
• Why is digestion important?
• Ask students to think about why they feel hungry and have the urge to eat; 

how they are energized by eating; the time it takes to digest the food they 
eat.

Homework
• Answer questions 1 to 4 in their notebooks.

LESSOn 2 1 period
Motivational activity (5 minutes)
•� Recall the previous lesson.
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•� �Discuss the homework that was given in the previous lesson and ask students 
to read out their answers.

Developmental Activity (10 minutes)
Pages 4 to 6
•� Ask the students what they had for breakfast that morning.
•� Decide which students had the healthiest breakfast.
•� Revise previous knowledge of different food groups.
•� �Review the major organs of the digestive system and the function of each. 

Make sure your discussion covers at least the following parts of the digestive 
tract: oesophagus, stomach, small intestine, large intestine, and colon.

•�  Ask students to name some of the problems of the digestive system and to 
link each condition to the appropriate part of the digestive tract.

•� Ask students to read pages 4 to 6 of the textbook.

Teacher’s input (10 minutes)
Encourage the students to use the glossary to understand the new words in the 
lesson. Explain the importance of a balanced diet. Explain that they are going 
to learn about food groups and the foods that belong to each group. Write the 
names of different foods on the board and check the students’ ability to sort foods 
into food groups. Explain that we need to eat a balanced diet to grow, remain 
active, and maintain good health. Emphasize that it is important to eat food from 
all food groups to stay healthy. Describe that there are 5 different food groups 
and assign a colour to each group as shown below. Display the sheets of 
coloured paper and label them:
•� yellow: starchy foods
•� green: fruit and vegetables
•� pink: meat, fish, and eggs
•� blue: milk and dairy
•� purple: sugars and fats
Describe the causes, symptoms, and treatments of constipation and diarrhoea. 
Explain that constipation is a very common problem. A person is considered 
constipated when he or she has fewer than three bowel movements in a week 
or has difficulty having a bowel movement. It is preventable and can usually be 
remedied by healthy eating and exercise. Explain that avoiding fast food and the 
addition of enough water and dietary fibre can prevent it. Warn the students that 
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diarrhoea can be dangerous and we should try to prevent it. Discuss its causes 
and treatments.

Group activity (10 minutes)
Discuss the activity on page 6 with the students and ask them to try it at home 
and discuss it in the next lesson. Ask students to work individually to create a 
patient brochure about one digestive problem. The brochure, similar to one they 
may have seen in a clinic, should describe the problem, its causes, symptoms, 
and possible treatments. In addition, the brochure should be written and designed 
for children, teens, and young adults. Ask students to consider what age a patient 
might be when he or she has questions about this problem. Students should 
name their brochure; this may be in the form of a patient’s question. For example:
“Why do I burp or feel bloated?”
“Why do I vomit?”
“Why do dairy products make me sick?”
Students should use an A4 sheet of paper folded into thirds. The brochure should 
include labelled pictures, either hand drawn or taken from the internet

Summing up (5 minutes)
•� Recall the main points of the lesson.
•� Ask the students to summarize what they have learnt about balanced diet, 

diarrhoea, and constipation.
•� Why is it important for us to eat a balanced diet?
•� Ask students to give examples of how they feel after eating a lot of very 

greasy or very sweet food.

Homework
Ask the students to:
•� �Research common problems of the digestive system, such as constipation 

and diarrhoea.
•� �Ask pupils to draw and label a diagram to show how much of each food group 

should be eaten daily to maintain a healthy, balanced diet.
•� Answer questions 5 and 6 in their notebooks.
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LESSOn 3  1 period
Motivational activity (5 minutes)
Collect the brochures which the students have made. Ask students to work in 
pairs, one in the role of a doctor and the other as a patient. They should role-play 
an interactive session on the causes, symptoms, and cure of diarrhoea and 
constipation, emphasizing the importance of a balanced diet.

Developmental activity (5 minutes)
Pages 6 to 8
•� Display a chart of the human respiratory system. Develop the idea that it is 

one of the many systems working in the human body.
•� Ask the students to look at the diagram and name the parts.
•� Assess their background knowledge of the human respiratory system.
•� Ask them to place a hand on their chest and hold their breath. Then ask 

them to release the breath.
•� What happens to the chest when they hold and release their breath?
•� Read pages 6 to 8 of the textbook.

Teacher’s input (15 minutes)
Explain that the respiratory system is one of several systems working in the 
human body. It is composed of various organs: the trachea, bronchi, lungs, 
thoracic cavity, and diaphragm, each of which has its own function. Explain the 
function of the diaphragm in respiration including the terms ‘expand’, ‘contract’, 
‘inhale’, and ‘exhale’ as they relate to the diaphragm and the lungs during 
respiration. Trace the route of air as it enters and moves through the body, 
naming the parts and organs as well as explaining their functions as the air 
passes through them.
•� �Point out the trachea and explain that it serves as the principal passage for 

conveying air to and from the lungs. Branching out from the trachea are the 
bronchi, which carry the air to and from the individual lungs. Explain the 
observations of the breath holding and releasing exercise. It shows when the 
diaphragm contracts, air is inhaled and the lungs expand with the air. When 
the diaphragm expands, the lungs contract and the air is expelled, or exhaled. 
Recap each step of respiration by asking individual students to name each 
part as the route is traced.
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Group activity (10 minutes)
•� Ask a group of students to help you make a respiratory model.
•� �Explain that students will make their own models of the respiratory system 

at home using the same materials. Their models should be brought to class 
the next day for a classroom display.

•� �Take two drinking straws and insert them into two balloons. Tape them 
together at the top. These are the bronchi and the lungs.

•� �Insert the balloons through the open bottom of a 2 litre plastic bottle. Put the 
straw end first and bring them up through the neck of the bottle.

•� �Stuff the neck of the bottle with cottonwool balls so that the spaces around 
the straws are completely filled.

•� �Roll the ¼ sheet of poster paper into a tube just large enough to fit over the 
tops of the straws. Tape the tube to hold it closed and place it over the tops 
of the two straws. This will be the trachea.

•� �Place a plastic bag over the lower end of the bottle and use the rubber band 
to hold it in place. This will serve as the diaphragm.

•� Grasp the bottom of the plastic bag and keep pushing and pulling it up and 
down. Watch as the ‘lungs’ expand and contract as you do this.

Summing up (5 minutes)
•� Recap the main points of the lesson.
•� Ask the students to summarize what they have learned about respiration.
•� Why is breathing important for life?
•� Why do they feel out of breath after running?

Homework
Make a model of the respiratory system.
Answer exercises 7, 8, 9, and 12 in their notebooks.

LESSOn 4  1 period
Motivational activity (5 minutes)
• Ask students to demonstrate the models of the respiratory system they have 

made.
• Revise what they learned in the previous period.
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• Discuss the homework questions.

Developmental activity (5 minutes)
Page 10
• Ask if any of the students suffers from asthma.
• If someone does, what are the particular times when it happens?
• What do they understand by allergens?
• Have they come across anybody suffering from tuberculosis or pneumonia?
• What did the students observed in this person?
• Read page 10 of the textbook.

Teacher’s input (10 minutes)
Encourage the students to use the glossary to understand new words. Explain 
the causes, symptoms, and ways to prevent asthma, pneumonia, bronchitis, and 
tuberculosis. Discuss the long-and short-term effects of smoking. Remind 
students that the short-term effects of smoking include: smelly hair and clothes, 
bad breath, stained teeth, difficulty in breathing, wrinkles near the eyes and 
mouth, stained fingers, unpopularity with friends and family, and waste of money. 
Tell them that the world observes NO TOBBACCO DAY on 30th May every year.

Class work (15 minutes)
Answer exercises 10, 11, 13, 15, and 16. This could be a peer learning task.

Summing up (5 minutes)
•� Recall the main points of the lesson.
•� Ask the students to summarize what they have learnt about respiratory 

diseases.
•� How can they be prevented?

Homework
•� Read the unit and draw diagrams of the respiratory system and digestive 

system in their notebooks.
•� Answer question 14 in their notebooks.
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Unit 

Transport in plants and humans
Teaching objectives
•� to explain how water is absorbed by plants through the roots
•� to define the terms diffusion and osmotic pressure
•� to explain the internal structures of various parts of the plant e.g. roots, stem, 

and leaves
•� to describe transpiration and translocation
•� to explain the circulatory system in humans
•� to describe the functions of the organs involved in the circulation of the blood
•� to describe diseases related to the circulatory system

Key vocabulary
osmosis, semi-permeable, diffusion, osmotic pressure, piliferous, vascular 
bundle, transpiration, translocation, hormone, hypertension, cholesterol, obesity, 
consume.

Materials required
•	 marker/chalk
•	 board
•	 large diagrams of the cross sections of the root, leaf, and stem of a plant
•	 large diagram of the human circulatory system
•	 large diagram of the human heart
•	 5 or 6 small potted plants
•	 5 or 6 microscope slides
•	 polythene bag
•	 thread
•	 leaf

Unit 2

17
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•	 colourless nail polish
•	 sticky tape
•	 slide
•	 stop watch
•	 digital watch
•	 corn syrup
•	 grains of rice
•	 round red sweets
•	 white marshmallows
•	 a small plastic bag

LESSOn 1 1 period
Motivational activity (5 minute)
Ask the students:
•� Have you ever brought home a bouquet of fresh flowers?
•� To keep the flowers fresh, would you keep them in an empty vase or in a 

vase filled with water?
•� How does water in the vase prevent the flowers from wilting?

Developmental activity (5 minutes)
Pages 16 to 19
•� Ask what would happen if a plant was not watered regularly.
•� Discuss how water from the soil reaches the stem, leaves, and other parts 

of a plant.
•� Ask the students to name the parts of the plant that transport water, minerals, 

and nutrients.
•� Ask the students to read pages 16 to 19 of the textbook.
•� Encourage them to use the glossary at the end of the book.
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Group activity (5 minutes)
Ask the students to bring a small pot plant and a polythene bag to class. Divide 
the students into groups of five. Each group should cover the branch of their plant 
with the polythene bag, using the thread to tie the bag firmly, and leave the plant 
for 30 minutes. Ask them to record their observations at the end of the lesson.

Teacher’s input (10 minutes)
As the students read pages 16 to 19, discuss each diagram, explaining the 
structure and function of vascular bundles and stomata. Explain all the new terms 
introduced in this lesson. Describe the roles the parts of the plant that take part 
in the transport of water, minerals, and food. Explain that in order for plants and 
animals to survive, the nutrients must be transported to all parts of their body.
Describe in detail how the forces of adhesion, cohesion, and transpiration help 
in the transport of water in plants. Explain that if a plant’s stomata are blocked, 
the transport of water and minerals through the plant will also be blocked.

Class work (10 minutes)
Answer questions 1, 3, and 6 in their notebooks.

Summing up (5 minutes)
•� Discuss the observations of the group activity.
•� What did they notice in the polythene bag?
•� Where did the water droplets come from?
•� Explain that contact with the environment was cut off by the plastic bag.
•� Ask the students to summarize what they have learnt.

Homework
The students should answer exercises 2, 4, and 5 in their notebooks.
Before the next lesson, the students should do the following:
Paint a small section of the underside of a leaf with some colourless nail polish 
and let it dry. Stick some sticky tape on top of the nail varnish and then carefully 
peel the polish off the leaf by pulling the tape off. Fix the tape to a microscope 
slide and bring it to the lesson.
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LESSOn 2 1 period
Motivational activity (5 minutes)
•� Recall the previous lesson.
•� Ask the students to look for the imprint of stomata on the slides that they 

have made.
•� Once the students can identify stomata, ask them to compare the number of 

stomata located on the underside of the leaf with the number on the upper 
side of the leaf.

•� Relate the transport system in plants to that of humans by explaining that 
our body needs nutrients that are transported by the circulatory system.

Developmental activity (5 minutes)
Pages 20 to 22
•� Ask what would happen if a plant was not watered regularly.
•� Ask how the blood reaches the limbs, head, and other parts of the body from 

the heart.
•� List the names of the organs that take part in the transport of blood.
•� Ask the students to read pages 20 to 22 of the textbook.
•� Encourage them to use the glossary at the end of the textbook.

Teacher’s input (10 minutes)
Ask the students to look at the chart of the human heart. Explain the functions 
of the two sides of the heart. Draw a diagram of the heart on the board and ask 
the students to show the path of the blood through the heart. Discuss the 
relationship between the heart, arteries, veins, and capillaries in the circulatory 
system. List the various parts of the heart and describe the function of each: left 
atrium, left ventricle, aorta, coronary arteries, vena cava, right atrium, right 
ventricle, pulmonary arteries, and valves. Investigate what is transported by the 
blood: O2, CO2, hormones, nutrients, etc. Describe the constituents of blood: 
plasma, haemoglobin, red blood cells, white blood cells, and platelets.
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Group activity (7 minutes)
Show the students how to take their pulse. They should count the heartbeats for 
15 seconds. Hand out the following table to record results.

Name  class  date 

Position Pulse rate

sitting

standing

after jumping

Ask them to record their heartbeat or pulse rate for fifteen seconds immediately 
after changing position. They can use either a watch or a stop watch.
Distribute the following materials to groups of students.
•� a plastic bag
•� corn syrup—plasma
•� marshmallows—white blood cells
•� rice—platelets
•	 round red sweets—red blood cells
Discuss each component of the blood and as you do this, ask the students to 
add the relevant ingredient to their bag.

Class work (8 minutes)
Ask the students to answer exercises 7 and 8 in their notebooks.

Summing up (5 minutes)
•� Ask the students to summarize what they have learnt.
•� Ask the following questions:
 Why was there was a change in the pulse rate in different positions?
 What do the different constituents of the blood do?
 What is the importance of the circulatory system?
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Homework
The students should answer exercises 9 to 11 in their note books.

LESSOn 3 1 period
Motivational activity (5 minutes)
Ask the students:
•� Have you ever heard a person complaining of chest pain?
•� Do you know anybody who suffers from hypertension, commonly known as 

blood pressure?
•� Do you know anybody who suffers from diabetes?

Developmental activity (10 minutes)
Pages 22 to 24
•� Ask the students what they know about hypertension, diabetes, and heart 

disease.
•� How can these be prevented and treated?
•� Which organs are invoslved in these diseases?
•� Ask the students to read pages 22 to 24 of the textbook.
•� Encourage them to use the glossary at the end of the book.

Teacher’s input (10 minutes)
Explain that the heart plays an essential role in the body. When the heart does 
not function properly it may be necessary to have a heart transplant. As human 
donor hearts are scarce, doctors have recently begun investigating the possibility 
of transplanting artificial hearts or hearts from different species in humans.
Discuss the primary controllable and uncontrollable factors that may put a person 
at greater risk of developing heart diseases. Guide the students to make lifestyle 
choices that will encourage good cardiovascular and general health. Investigate 
poor health habits, such as eating a fatty diet, taking little or no exercise, and 
smoking. Explore the role of insulin and preventive measures to control diabetes. 
Investigate how obesity and cholesterol can adversely affect our health. Discuss 
why hypertension can be dangerous.
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Class work (10 minutes)
Help the students to do exercises 14, 15, 16, 17, and 18.

Summing up (5 minutes)
•� Ask the students to summarize what they have learnt.
•� Briefly recall the functions of the circulatory system.
•� Briefly discuss the diseases related to the heart and their prevention and cure.
•� What are some reasons why a person might need a heart transplant?
•� Where do donor hearts come from?

Homework
The students should answer questions 12 and 13 in their note books.
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Unit 

Reproduction in plants
Teaching objectives
• to differentiate between asexual and sexual reproduction in plants
• to explain the two different types of asexual reproduction
• to explain pollination and fertilization
• to explain seed and fruit formation

Key vocabulary
sexual, asexual, budding, grafting, marcotting, tuber, bulb, nectar, modification, 
rhizome, corm, accumulation, husk, cambium, horticulturalist, gamete, exocarp, 
mesocarp, endocarp.

Materials required
•� board

•� marker/chalk

•� a large diagram of parts of a flower

•� a large diagram of pollination and fertilization

•� poster showing grafting, budding, and marcotting

•� flower

•� potato

•� carrot

•� onion

•� onion, potato and carrot or any other root planted 20 days before the lesson

•� rose bush

•� knife

•� tape or jute string

3
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•� wax

•� magnifying glass

•� flower

•� fruit

LESSOn 1 1 period
Motivational activity (5 minutes)
Ask:

•� Has anybody seen an onion, a carrot, or a potato growing?

•� How do they grow?

•� Have you noticed how plants grow?

•� What flower parts have you noticed?

•� Have you ever planted a seed?

•� Do all new plants start from seeds?

•� Where do seeds come from?

•� Do you know any other ways to start new plants?

•� Have you ever tried these?

Developmental activity (5 minutes)
Pages to 29 to 32
•� Ask the students what would happen if they planted an onion or a potato in 

a pot and watered it for few days.

•� How are new plants produced from the stem, leaves, and other parts of a 
plant?

•� List the parts that are involved in the vegetative propagation of plants.

•� Ask the students to read pages 29 to 32 of the textbook.

•� Encourage them to use the glossary at the end of the book.
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Teacher’s input (10 minutes)
As a class, brainstorm ways in which plants can be reproduced. Explain that 
most plants propagate through sexual reproduction, but not all plants, and not 
all the time. Some plants reproduce asexually. Emphasize that asexual 
reproduction involves only one parent. Many plants reproduce this way naturally.
Whenever plants reproduce asexually, either naturally or artificially, the term 
vegetative propagation is used. It means that vegetative parts of the plant are used 
to produce new plants. Displays the onion bulb, rhizome of ginger, and a potato, 
and help the students to identify the different features that enable these organs to 
reproduce asexually. Ask the students to state the functions of these parts.

Group activity (15 minutes)
•� Divide the students into three groups. Hand each group a potted onion, 

potato, carrot, or any other root plant. Now ask them to remove the plant 
from the soil. Ask them to answer the following questions.

•� Which plant is it?
•� What vegetative part of the plant is it?
•� What different stages of the production of the vegetable have you found?
•� How many stages are there?
•� Now ask each group to choose a presenter and discuss their findings with 

the rest of the class.

Summing up (5 minutes)
•� Ask the students to summarize what they have learnt.
•� Recall the means of natural vegetative propagation.
•� Remind the students that the resultant plant will be an exact copy of the 

parent plant.

Homework
•	 Ask the students to answer exercises 1 and 3.
•	 Bring a rose branch to the next lesson.
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LESSOn 2 1 period
Motivational activity (5 minutes)
Asks the students:
•� How is artificial vegetative reproduction carried out?
•� What is the importance of artificial vegetative reproduction?
•� What methods are adopted in stem cutting, leaf cutting, grafting, budding, 

and marcotting?

Developmental activity (5 minutes)
Pages 31 to 32
•� Ask the students to read pages 31 and 32 of the textbook.
•� Ask them to suggest how several varieties of orange are produced.
•� List the importance of artificial vegetative reproduction.

Teacher’s input (10 minutes)
Explain that vegetative reproduction can also take place by artificial means. There 
are several ways of doing this; they include cuttings from a parent plant, grafting 
two plants together, or marcotting. Demonstrate the methods one by one with the 
help of diagrams. Explain that in grafting a branch is taken from one tree and 
attached to a branch of another tree. You could, for example, graft several different 
rose branches onto one rose bush to produce a variety of flowers.

Group activity (10 minutes)
The teacher should demonstrate some methods of vegetative reproduction and 
while doing so the students can copy:
1. Break off a leaf from two different rose branches.
2. Cut the stem of each branch obliquely at the place where the leaf was 

broken off.
3. Join the two obliquely cut branches so that they are well set on each other, 

as shown in the diagram in the textbook.
4. Hold them tightly and wax them.
5. Tie them with jute string to keep them in place.
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Explain that this is how a branch of one species can be grafted on to another 
plant to produce a new variety.

Summing up (5 minutes)
•� Recall that vegetative reproduction is a form of asexual reproduction.

•� Explain that this process is useful to farmers and gardeners when they want 
to have variety of species.

Homework (5 minutes)
•� You will need 5 minutes to explain the assignment.
•� Grow your own plants, one by natural vegetative propagation and one by 

artificial vegetative propagation. You may select any plant of your choice. 
Carrot tops, potatoes or other cuttings, roots, stems, or leaves can be used. 
Try the root plants that have not been used in the classroom. Keep a growth 
log, recording daily observations. A scientific report should be included with 
charts, graphs, and photographs or drawings of the growth process. For help 
you can use web research and the aid of any gardener or farmer who may 
be available. The assignment will take 2 weeks to complete. Plants and 
reports should be brought to the lesson to share with peers.

•� Ask the students to answer exercises 2 and 4.
•� Bring a flower to the lesson.

LESSOn 3 1 period
Motivational activity (5 minutes)
•� How many different types of flowers you have seen?
•� Are their structures the same or different?
•� Can you suggest why this is the case?
•� Have you seen insects visiting them?
•� Have you seen insects visiting flowers in the garden or in pots?
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Developmental activity (10 minutes)
Pages 33 to 37
•� Ask the students to name as many flowering plants as they can.
•� Ask them how the flower is useful for the plant and for humans.
•� List on the board the parts of a flower.
•� Ask the students to read pages 33 to 36 of the textbook.
•� Encourage them to use the glossary at the end of the book.

Teacher’s input (10 minutes)
Explain how the structure of a flower contributes to pollination. Ask the students 
to consider the role of insects, animals, or the wind in pollination. Then, on the 
basis of their observations and class discussion, ask students to develop their 
own hypothesis about the mechanism of pollination. Discuss the benefits of 
pollination by insects and other animals. Discuss the characteristics of plants 
adapted for wind pollination, insect pollination, bird pollination, and water 
pollination. Explain how each of these characteristics assists pollinators. Explain 
why cross-pollination is better for a species than self-pollination. Discuss the 
advantages of sexual reproduction in plants.

Group activity (10 minutes)
•� Arrange for the students to dissect the flower they have brought.
•� Although each student has his or her own flower, students can dissect their 

flowers in small groups so that they can share ideas.
•� Carefully remove each part, starting from outside the flower and working 

inwards, counting how many of each part is present in the flower.
•� Use a magnifying glass to study each part.
•� Compare and contrast the structures and functions of the flower parts studied. 

What is similar in each flower? What is different?
•� Explain how each flower would be pollinated.
•� Which flowers would be best pollinated by a bee?
•� Which would be best pollinated by the wind?
•� How is the stigma of each flower adapted to trap pollen?
•� Is one method of flower pollination more common among the flowers studied 

than another? Why?
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Summing up (5 minutes)
•� Review the structure of a flower emphasizing the role of each part in 

pollination.
•� Recall what they have learnt about pollination and agents of pollination.

Homework
•� Ask the students to answer exercises 6 to 12 in their note books.
•� Bring a fruit to the next lesson.

LESSOn 4 1 period
Motivational activity (5 minutes)
•� Name different fruits.
•� Do they have seeds or are they seedless?
•� Do all fruits need to be peeled before eating?
•� Which part of the fruit do you eat?
•� What are seeds useful for?

Developmental activity (5 minutes)
Pages 36 to 37
•� Ask what happens after pollination.
•� Students should name the parts of the plant involved in fertilization.
•� Consider the roles of pollen grains, the ovary, and the ovule.
•� Ask the students to read pages 36 to 37 of the textbook.
•� Encourage them to use the glossary at the end of the book.
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Teacher’s input (10 minutes)
Describe and investigate the process of fertilization. Explain the role of the stigma, 
style, ovary, and ovules in the process. Explain how a pollen grain grows a tube 
and how it enters the ovary. Explain what happens after that. Explain how an embryo 
is formed. The flower turns into a fruit after pollination and fertilization. Explain how 
ovules become seeds and how the ovary is transformed into the exocarp, mesocarp, 
and endocarp. Elicit examples of the edible parts of different fruits.

Group activity (10 minutes)
Ask students to work in groups to study the fruits they have brought.
•� They should peel the fruit and then cut it longitudinally and transversely.
•� Carefully remove each part, starting from the outside of the fruit and working 

inwards.
•� Which part of the fruit was the ovary?
•� Which part of the fruit were the ovules?
•� Compare the structures of all the fruits in the classroom.
•� Ask the students to identify the exocarp, mesocarp, and endocarp.

Summing up (10 minutes)
•� Recall the steps involved in fertilization.
•� Review the results of fertilization and its importance in plant and human life.
•� Help the students to complete exercises 15, 18, 19, 20, and 21.

Homework
•� Make a poster showing fertilization.
•� Ask the students to answer exercises 13, 14, 16, and 17.
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Environment and feeding relationships
Teaching objectives
•� to define an ecosystem
•� to define the term habitat and compare different habitats
•� to investigate the various factors that allow animals and plants to live in a 

particular habitat
•� to identify the factors that cause daily and yearly changes in a habitat and 

how living things adapt to these changes
•� to explain why food chains always begin with a producer
•� to explain the relationship between the producer and consumer
•� to describe a food chain in a particular environment
•� to explain a food web

Key vocabulary
ecosystem, consumer, producer, decomposer, scavenger, food chain, food web, 
producer, habitat, biotic component, abiotic component, complex habitat, 
community, global warming, direct driver, indirect driver, hibernate, carnivore, 
herbivore, diminish

Materials required
• board
• chalk/marker
• some pieces of string about half a meter in length
• sticking tape
• blank coral reef ecosystem board (1 per group)
• blank kelp forest ecosystem board (1 per group)
•  pictures of coral reefs, kelp forests, warm water (showing steam), cold water, 

rubbish, boats, nutrients, clear water, phytoplankton, zooxanthelle, giant kelp. 
zooplankton, brain coral, urchin, butterfly fish, otter, kelp, fish, sea turtles, 
parrotfish, sea lions, and reef sharks.

•  cards—yellow, green, red, orange and blue (quantity depends on the number 
of students in the class)

4



1 48

4

4



149

LESSOn 1 1 period
Motivational activity (5 minutes)
Ask:
•� What can you see around you?
•� How many living things are there?
•� How many non-living things are there?
•� Does anybody have an aquarium at home?
•� Name the things in the aquarium.
•� How many of them are living and how many of them are non-living?

Developmental activity (5 minutes)
Pages 41 to 42
•	 Ask the students what would happen to the life in the aquarium if you 

removed something from it?
•	 Why are there things in the aquarium that you did not intend to keep in it but 

cannot remove?
•	 Ask them to read pages 41 and 42 of the textbook.
•	 Encourage them to use the glossary at the end of the book.

Teacher’s input (10 minutes)
Explain that every ecosystem has primary producers which are the plants. These 
primary producers make their own food through the process of photosynthesis. 
Producers are eaten by primary consumers. Secondary and tertiary consumers are 
animals that eat higher up on the food chain and rely on other animals for food.
Explain that living components are the biotic components and non-living 
components are the abiotic components of an ecosystem. Depending on the 
ecosystem, abiotic, or non-living factors include temperature, sunlight, surface 
type, wave action, water, nutrients, wind, and weather.
Ask the students to make a list of the basic environmental components of an 
ecosystem. Discuss specific examples of animals and how they are adapted to 
survive in a particular ecosystem.
Discuss what can be done in your own community to preserve and restore a local 
ecosystem. For example, could you organize a group of students to clear rubbish 
from a local area of coast or river bank? What would be difficult about carrying 
out your suggestions? What impact does burning rubbish have on an ecosystem?
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Group activity (10 minutes)
Objective: Study the coral reef and kelp forest ecosystems and identify the biotic 
and abiotic components of them.

Divide the class into two groups. Ask one group to create a coral reef ecosystem 
on one of the soft boards. Ask the other group to create a kelp forest ecosystem 
on the other. Students should compare and contrast the coral reef and kelp forest 
ecosystems and identify the abiotic and biotic factors within each. Guide them 
to include environmental factors on both ecosystem boards; for example, abiotic 
components like warm water, cold water, rubbish, boats, nutrients, clear water. 
Add some producers like phytoplankton, zooxanthelle, and giant kelp. Also add 
some primary consumers like zooplankton, brain coral, urchin, and butterfly fish. 
Then add some secondary consumers like otters, kelpfish, sea turtles, and 
parrotfish. Finally add tertiary consumers such as sea lions and reef sharks.

Summing up (5 minutes)
Referring to the boards showing the kelp forest and coral reef environments, 
explain that both are in the ocean but there are some very specific differences. 
For example, a kelp forest has a giant producer called kelp. In the coral reef, the 
primary producer is very small; it is a type of algae like the kelp, but it is 
microscopic and lives inside the coral. When these small algae photosynthesize, 
they produce sugars that provide food for the coral. The algae also provide the 
coral with it well-known bright colours.

Homework
•� Choose a specific animal, conduct research on that animal, and write a report 

on it. The report should describe the animal’s physical and behavioural 
characteristics in detail and explain how each characteristic helps the animal 
survive and thrive in a certain ecosystem. What natural advantages might 
the system offer?

•� Ask the students to answer exercises 1 and 2.

LESSOn 2 1 period
Motivational activity (5 minutes)
•� Name different habitats.
•� What animals can live and survive in those habitats, and why?
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•� How would you survive if you were in desert?
•� How would you survive if you were in the Arctic Circle?
•� Have you seen a bear in a desert?
•� Besides deserts, name some other habitats where animals can live.
•� How are these habitats different?

Developmental activity (5 minutes)
Pages 43 to 44
•� Discuss the students’ ideas of where animals live and why.
•� Discuss the word habitat and explain what it means, e.g. it is a place that 

provides elements essential for survival such as food, water, and shelter.
•� Ask students to read pages 43 and 44 of the textbook.
•� Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
On the board, write the names of the different habitats students will investigate 
and discuss. For example: grasslands (or savanna), temperate forest, tropical 
rain forest, desert, Polar ice, tide pools.
Explain that grasslands (savanna) have few trees or places for animals to hide. 
Therefore the animals there move very fast. Describe temperate forests and 
explain that in the winter, less water is available for trees to take in through their 
roots, because much of the water is frozen in the ground. Since trees lose water 
through their leaves, losing leaves is a way for a tree to conserve water. 
Coniferous trees do not lose nearly as much water through their needles as 
deciduous trees lose through their leaves.
Discuss tropical rain forests. Describe the three main levels of height of the trees 
in the rain forest. Then discuss the desert. Humans and animals live in the 
desert. Explain that many desert animals dig burrows in the sand to stay cool in 
the intense heat. Many desert animals sleep during the day and are active at 
night, when the temperature is lower.
Describe the Polar regions. Explain that the polar bear (North Pole) and the 
penguin (South Pole) are found in those regions because they can survive the 
intense cold. Explain that the polar bear has two layers of fur and an extra layer 
of fat under its skin to keep it warm. Its ears are very small so that very little heat 
can escape from them. Its paws are huge to help spread its weight over the snow 
and prevent it from sinking in.
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Discuss tide pools of different tide heights and the creatures living in them. 
Explain that the tropical rain forest is home to more species of animals than any 
other habitat.

Group activity (10 minutes)
Divide your students into four groups. Assign one habitat to each group. The 
habitats are desert, Polar regions, tropical rain forest, and grasslands. Ask each 
group to choose three animals from the habitat it has been assigned and prepare 
a card with the name of the animal, a description of the animal’s physical and 
behavioural characteristics, and a picture of the animal. Mix up the cards and 
give one to each group, making sure that no group gets its own card. Then 
challenge each group to decide, on the basis of the animal’s physical and 
behavioural characteristics, to which habitat it belongs.

Summing up (5 minutes)
Recall the habitats and types of habitats studied. Review the importance of 
variety in habitats and how nature supports this.

Homework
Divide your students into five groups, assigning each group one habitat to 
research. Below are the details of the specific assignments for each group.
Group 1: Research the speeds of animals that live in the grasslands. Create a 
display that compares the different speeds of these animals. Write an explanation 
of why speed is important for survival in the grasslands.
Group 2: Put a twig from a coniferous tree (cone-bearing tree with needle-like 
leaves) in a cup of water, and fasten a clear plastic bag tightly around its needles. 
Do the same with a twig from a deciduous tree. Observe what happens. How 
much water was transpired from each? Draw pictures and write an explanation 
of what you observed.
Group 3: Make a diagram or model showing examples of animals and plants that 
live on each level of a rain forest. Choose an animal or plant from each level 
and explain how it is adapted to its particular place in the tropical rain forest.
Group 4: Make a model of a desert animal or plant. Explain how it is particularly 
well adapted to survive in a place where there is very little water
Group 5: Draw or make a model of two animals belonging to the Polar regions. 
For each animal, explain at least three physical or behavioural characteristics by 
which it is well adapted for life in a very cold and snowy climate.
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Ask each group to present its project in the next lesson.
Ask the students to answer exercises 3 and 4 in their notebooks.

LESSOn 3 1 period
Motivational activity (8 minutes)
Discuss the last lesson’s project by asking following questions.
•� What is the weather like in this animal’s habitat?
•� How does this animal find shelter?
•� How does this animal find food?
•� Does this animal have any predators?
•� What behaviours show this animal has adapted to its environment?
•� What would happen if the animals switched habitats?
•� What adaptation would be useful in the new habitat?
•� Do you think the animal could survive in the unfamiliar habitat?

Developmental activity (7 minutes)
Pages 44 to 45
•� Ask students to read pages 44 and 45 of the textbook.
•� Ask them to focus on global warming, short- and long-term effects, pollution 

and its effects, direct drivers, and indirect drivers.
•� Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that in order for any animal to survive within an ecosystem, it must be 
physically and behaviourally adapted to the conditions of its environment. Make 
sure students understand that physical adaptation refers to physical 
characteristics such as fur, eyes, colour, horns, speed, etc., whereas behavioural 
adaptation refers to characteristics such as hunting strategies, breeding patterns, 
and social habits that help an animal cope with the conditions it faces. Some 
animals migrate and some hibernate to adapt to the conditions; birds fly from 
colder regions to warmer ones.
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Explain that as a result of global warming, the Polar ice cap is beginning to melt. 
Discuss the effects of this melting on the world. Can anything be done to stop 
or slow down the process of global warming? Explain how human activity and 
population growth has resulted in changes in habitats. Invite your students to 
consider ways in which they might help to popularize the effort to preserve and 
restore natural habitats.

Group activity (10 minutes)
Divide the students into groups of 4. Ask each group to select an animal in a 
particular habitat. Ask them to list the favourable and unfavourable conditions of 
the environment which the animal has to face. Then categorize them into direct 
drivers and indirect drivers and consider their long-term and short-term effects. 
Students’ work should include explanations of how each characteristic makes 
the animal well adapted to its environment. Next plan the steps you would take 
to make it a better place for the animal to survive.

Summing up (5 minutes)
Recall what the students have learnt. Ask questions to assess their 
understanding. The questions should be based on the information and activity 
they shared in the lesson.

Homework
•� The rain forest is endangered because so many rain-forest trees and other plants 

are cut down to make many of the products we use. Can you devise a plan to 
preserve the rain forest without depriving human beings of products they need?

•� Ask the students to answer exercise 5.

LESSOn 4 1 period
Motivational activity (5 minutes)
Ask the students:
•� What is a food chain?
•� What are the stages of a food chain?
•� How is energy transferred from one organism to another? Give an example?
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Developmental activity (10 minutes)
Pages 46 to 47
•� Ask students to read pages 46 and 47 of the textbook.
•� Focus on the text and ask them about the energy cycle, the role of plants on 

Earth, and herbivores and carnivores
•� Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Begin with the question: “What did you eat for dinner last night?” List the 
ingredients on the board, e.g. meat, bread, rice, potato, tomato, etc. Categorize 
the ingredients into producers and consumers. Ask questions such as: Which of 
these foods come from plants? Which of these foods come from animals?
Identify plants as the producers, organisms that make their own food through 
photosynthesis. Then come to animals as consumers, as organisms that eat 
producers or other consumers. Break down the consumer category further into 
herbivore, carnivore, omnivore, and decomposer. Ask questions such as: Which 
of the consumers are animals that eat plants?
Which are animals that eat other animals?
Which eat both?
Are there any decomposers?
Ask students to describe a food chain. As part of this discussion, try to follow 
one or more of the foods on the board through the food chain.
Show them a diagram of the food pyramid. They should recognize the pictures 
from their food chain activity. Discuss the transfer of energy from one level of the 
food chain to the next, focusing on how any one organism cannot transfer all the 
energy it gets from its food directly to the next organism in the food chain because 
it needs to use some of that energy itself to grow, reproduce, and survive.



1

Unit 4

62



163

Group activity (10 minutes)
Divide the students into five groups. Distribute the coloured cards to each group. 
Write the colour code on the board: green = producers, yellow = herbivores, red 
= carnivores, orange = omnivores, blue = decomposers.
Ask them to write the names of producers, consumers and decomposers on the 
cards and string them into a food chain. Elicit that there are multiple food chains. 
When students have identified a complete chain, they can tie it to a straw or stick 
so it can be put together as shown in the figure.

Class work
Do exercises 9 (ii), 10, and 11.

Summing up (5 minutes)
Recall what the students have learnt. Discuss the best food chains, revising 
important terms as you do. Explain that these food chains can be woven into a 
web. Make one web out of the chains made in the lesson.

Homework
Pick an ingredient from your lunch today and construct a food chain. Make sure 
to start with the Sun and include yourself. Identify the role of each organism 
(producer, consumer categorized as herbivore, omnivore, etc.).
Ask the students to answer exercises 6, 7, 8, and 9(i).
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Water
Teaching objectives
•� to explain the importance of water
•� to identify the sources of water
•� to explain how certain substances make water impure
•� to describe some methods of purifying water
•� to discuss the uses of water in our daily lives
•� to identify ways to reduce waste of water

Key vocabulary
glacier, spring, stream, suspend, reservoir, human settlement, scarcity, 
desalination, universal solvent, sediment, dump, debris, silt, colloid, turbidity, spill, 
distillation, osmosis, chlorination, coagulation, flocculation, filtration, desalination, 
precipitate, solidify, disinfectant, turbine, arms and ammunition, dissipate, chiller,

Materials required
•	 board
•	 chalk/marker
•	 globe
•	 4 x 1 litre water bottles
•	 beaker/cup
•	 ice cube tray
•	 magnifying glass
•	 4 or 5 filter papers
•	 funnel
•	 beaker
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•	 a small ball of cotton wool
•	 2 tablespoons of clay
•	 1 teaspoon alum solution
•	 1 teaspoon chlorine bleach
•	 ½ cup fine sand
•	 knife / a pair of scissors
•	 drinking straw
•	 lollipop stick (qulfi stick)
•	 string
•	 tape
•	 glue

LESSOn 1 1 period
Motivational activity (5 minutes)
Ask the students:
•	 Why do we need water?
•	 What type of activities is water used for?
•	 Where and when do you use the most water?
•	 Where does the water that you use come from?
•	 Do you think it is possible to run out of water?
•	 What would happen if our water supply was reduced?
•	 Why is it important to conserve water?
•	 How and why does the availability of water differ around the globe?
•	 Which areas have less access to water? Which have more?
•	 What can you do to reduce the amount of water you use?
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Developmental activity (5 minutes)
Pages 51 to 53
•	 Ask the students to look at the pictures on page 52 of the textbook and 

discuss the sources of water.
•	 Then look at the picture of the water cycle on page 53 and ask the students 

to explain what is happening in the picture.
•	 Read pages 51 to 53 of the textbook.
•	 Encourage the students to use the glossary to understand the text.

Teacher’s input (15 minutes)
The teacher should emphasize the fact that water is one of Earth’s most valuable 
resources, and one of its most scarce.
Explain that water is necessary for survival. In some countries obtaining water 
is as simple as turning on the tap, while in other places women and children walk 
miles every day to collect water from wells, streams, rivers, or springs.
Discuss the conservation of water. List ways to reduce waste of water, such as 
turning the tap off when brushing teeth, checking for leaks, etc.

Class work (5 minutes)
Refer to Worksheet 1 at the end of the guide.

Group activity (5 minutes)
•	 Show the students four 1 litre bottles of water
•	 Explain to the students that the 4 litres of water represents all of the water 

on Earth. Ask them to estimate how much of the 4 litres represents the 
amount of fresh water available for human use. Explain that 97% of water 
on earth is salt water and cannot be used for human consumption.

•	 Pour 120 ml into the beaker to represent the 3% of fresh water that exists 
on Earth. Ask the students to observe how small the amount is in comparison 
to the rest. Using the water in the beaker, explain that 2.2% of the Earth’s 
water is locked up in glaciers and unavailable for use, and less than 1% (only 
0.8%) of it is actually available for everyday use from rivers and lakes.

•	 Pour 88 ml of the water into the ice cube tray to signify that it is frozen water. 
The water remaining in the beaker i.e., 32 ml represents the amount of water 
available for human use.
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•	 Ask the students to compare the amount of water left in the beaker to the 
amount in the bottles.

•	 Ask them whether the amount of water available for human use was more 
or less than they thought? Also ask the students to consider what else that 
water is used for?

Summing up (5 minutes)
Recap the amount of water available for human use, sources of water, and the 
water cycle.

Homework
•	 Ask the students to answer questions 1 to 4 in their notebooks.
•	 Ask the students to bring labelled samples of water from different sources.

LESSOn 2 1 period
Motivational activity (10 minutes)
•	 Ask the students to show the samples of water from different water sources.
•	 Use a magnifying glass to see the suspended impurities in it.
•	 Place filter paper in a funnel and pour the water from one sample through it.
•	 Show the students the filter paper, pointing out the impurities.
•	 Do the same with other samples using a fresh filter paper each time.
•	 What do the results indicate about water sources in urban, suburban, and 

rural watersheds?
•	 What kinds of pollution would you expect to find in these different 

environments?
•	 Where would you expect to find the most pollution?
•	 Which watersheds would probably have the most sedimentation pollution?
•	 Where might you expect to find the most microorganisms in the water?

Developmental activity (10 minutes)
Pages 53 to 57
•	 Establish the fact that water contains impurities by the above motivational 

activity.
•	 Read pages 53 to 57 of the textbook.
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•	 Encourage the students to use the glossary to understand the text.

Teacher’s input (15 minutes)
The students should understand that water contains impurities and if they drink 
it, it will be hazardous to their health. Begin with a brainstorming session on how 
purification of water really works. Explain that there are different methods to 
remove impurities from water.
Discuss the inorganic and organic impurities in water. Establish by investigation 
that there are also many micro-organism in water. Discuss how pollution and 
different human activities make water impure. Explain the processes of distillation, 
coagulation, flocculation, filtration, reverse osmosis, desalination, and chlorination.

Summing up (5 minutes)
•	 Recall each of the water purifying processes.
•	 Review the pros and cons of each process.

Homework
Ask the students to answer exercises 5 to 10.

LESSOn 3 1 period
Group activity (35 minutes)
Instructions
Begin the lesson by reviewing the diagrams of the water treatment plants given 
on pages 55 to 57 of the textbook. Discuss these with the students, checking for 
understanding. Divide the students into 5 groups. Give the following instructions 
to each group and distribute the required materials.

Group 1
•	 Prepare some dirty water by adding 2 tablespoons of clay to 4 litres of water.
•	 Using a funnel, pour 1.5 litres of the dirty water into a 2-litre bottle.
•	 Ask the students to describe the water.
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Group 2
Put 2 teaspoons of alum solution into a 2 litre bottle.
•	 Place the cap on the 2 litre bottle and shake it gently for 30 seconds. Continue 

the mixing by pouring the water back and forth ten times between two bottles.
•	 Ask the students to suggest which part of the treatment process has been 

demonstrated.
•	 Explain coagulation.
•	 Ask the students to investigate and describe the changes they observe in the 

water.

Group 3
•	 Take the bottle of coagulated water and let it stand for 1 minute.
•	 Gently swirl the contents for one minute and leave it to stand for one minute 

three times (6 minutes).
•	 Then gently swirl the contents every 2 minutes for another 8 minutes.
•	 Observe what happens to the size of the particles during the 15 minutes of 

this process.
•	 Explain flocculation.
•	 Ask the students to investigate and describe the changes they observe in the 

water.

Group 4
•	 Ask students to let the flocculated water stand undisturbed for 10 minutes.
•	 Ask them to observe the water at 2.5 minute intervals and record their 

observations of changes in the appearance of the water.
•	 Ask what step of the treatment process this represents.
•	 Explain sedimentation.

Group 5
•	 At the start of the activity, ask students to construct a filter using the method 

described below. The filter will then be ready when group 4 passes on the 
activity.

•	 Cut one 2-litre bottle in half.
•	 Cut the bottom from the second bottle and the top from the third bottle.
•	 Turn the top section upside down, and place a loose cotton wool plug in the 

neck
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•	 Pour fine sand over the cotton wool plug.
•	 Clean the filter by slowly pouring 4-8 litres of water through it.
•	 Place this filter section into the lower section of the bottle.
•	 Using the water that has been settled by group 4, and without disturbing the 

sediment, pour the top two-thirds of that water through the filter you have just 
made.

•	 Ask students what purification method they have just demonstrated.
•	 Explain filtration.
•	 Wait until more than half of the water has been collected.
•	 Add 2 tablespoons of chlorine bleach to the filtered water to represent the 

chlorination process.
•	 Explain that chlorine disinfects.
•	 Talk about the filtration process.

Summing up (5 minutes)
Review the amounts of water recovered and lost in the treatment process and 
revisit the sections on treated water and untreated water.

LESSOn 4 1 period
Motivational activity (5 minutes)
Ask the students:
•	 What is electricity made of?
•	 How is electricity made?
•	 What is the cheapest way of making electricity?
•	 What is the importance of dams?
•	 Have you seen cooling towers in an industrial area or a CNG station?

Developmental activity (5 minutes)
Pages 57 to 59
•	 Look at the pictures of dams on page 58 of the textbook and ask why the 

water falls with force or pressure.
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•	 Ask the students to name some other dams in Pakistan and the other 
countries of the world.

•	 Read pages 57 to 59 of the textbook.
•	 Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that hydroelectricity is a way of producing power using flowing water. 
Explain that it involves converting potential energy into mechanical energy and 
then into electrical energy. Explain that when a dam is built, the flow of water is 
slowed down behind the dam. This enables the water to build up potential energy 
before it flows through a small opening in the dam.
Elicit that this type of power production does not use fossil fuels so it is eco-
friendly. However, dams have a significant effect on the local environment, 
disturbing the soil and natural life there. Explain that water is also essential for 
cooling heavy mechanical complexes. Explain the text in detail.

Group activities (10 minutes)
Select 6 students to make a model dam and turbine. Ask the other students to 
observe and provide input to help the group making the dam. Follow the steps 
below to make the model.
•	 Cut each lollipop stick into three equal sections.
•	 Glue or pin these sections to the straw at equal distances to make a turbine 

propeller.
•	 Thread the string through the straw and set it aside to dry.
•	 Use the clay to build a dam so that the top third of the stream tray is behind 

the dam.( This could be made in advance.)
•	 Raise one end of the tray so that it is about 8 to 10 cms higher than the lower 

end.
•	 Leave a two inch opening in the centre of the dam and block this off with the 

piece of plastic; this will act as the dam gate so that when the water is added, 
little or none of it escapes.

•	 Tape the string across the mouth of the dam so that the turbine blades are 
directly in front of the covered opening. Make sure they are low enough to 
catch the water and spin when the gate opens.

•	 Fill the stream tray with water.
•	 Now open the gate so that the water gushes out and causes the lollipop stick 

blades on the turbine to spin.
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Explain that the water behind the dam opening had potential energy before it 
was released. This is converted into mechanical energy when the turbine spins 
and this, in turn, is converted into electrical energy.

Class work (10 minutes)
Do exercises 15 and 16 to review the lesson.

Summing up (5 minutes)
Recall the uses of water.

Homework
Ask the students to answer exercises 11 to 14.
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Structure of an atom
Teaching objectives
•� to explain the structure of an atom
•� to differentiate between atomic number and mass number
•� to draw the atomic structure of the first eighteen elements in the periodic table
•� to define valency
•� to explain the formation of ions
•� to differentiate between cations and anions
•� to describe isotopes and their uses in medicine and agriculture
•� to identify the types and numbers of elements present in simple molecules 

and compounds
•� to write chemical formulae from a list of anions and cations
•� to state the law of constant chemical composition and give examples

Key vocabulary
electromagnetic force, random, electronic configuration, inert gas, valency, 
conducive, exceed, anion, cation, isotope, radio isotope, radiation

Materials required
•� board
•� marker/ chalk
•� poster of periodic table
•� chart paper
•� crayons
•� pencils
•� worksheets

6
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•� physical balance

•� 4 bags of sweets (different flavours but of the same kind)

LESSOn 1 1 period
Motivational activity (5 minutes)
Ask the students:
•	 What is matter?
•	 If an atom is mostly space, how do things have shape?
•	 If positive protons repel each other, why does the nucleus stay together?
•	 Are there different ways to organize sub-atomic particles?
•	 Why is there a variety of matter around us?

Developmental activity (10 minutes)
Pages 62 to 63
•� Prior to reading, review the students’ existing knowledge of the atom and 

sub-atomic particles.
•� Ask them to read pages 62 to 63 of the textbook.
•� Explain the terms used in the topic: electron, proton, neutron, atomic number, 

and mass number.
•� Encourage the students to use the glossary.

Teacher’s input (10 minutes)
Explain that all matter is made up of 3 universal particles. Draw a diagram of an 
atom on the board. Add notes to the diagram about sub-atomic particles. Ask 
questions about electrons, protons, and neutrons. Explain the quark. Focus on 
the difference between mass number and atomic number.

Activity (10 minutes)
•� Give students descriptions of various atoms. Ask them to create these using 

their magnetic marbles.
•� Tell them how many protons, neutrons, and electrons there are for each atom.
•� Ask them to use the same colour for the various sub-atomic particles each 

time.
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•� Ask them to make models of the atoms of some other elements.
•� Ask them to name each element and write its atomic number and mass 

number on Worksheet 2.

Summing up (5 minutes)
Recall the structure of an atom. Recall the definitions of atomic number and mass 
number. Review the importance of atomic number and mass number in the 
classification of elements.

Homework
Ask the students to answer exercises 1 and 2.

LESSOn 2 1 period
Motivational activity (5 minutes)
Ask the students:
•� How are things classified?
•� How would you classify living things?
•� How would you classify plants?
•� How would you classify animals?
•� How are non-living things classified?
•� If the building blocks of the universe are all the same, why are there different 

materials?

Developmental activity (5 minutes)
Pages 64 to 65
•� Elicit that the structure and position of all the sub-atomic particles of atoms 

are the same.
•� Investigate how it is simply the organization of these universal particles that 

makes the difference between different materials.
•� Ask the students to read pages 64 to 65 of the textbook.
•� Encourage them to use the glossary.

Teacher’s input (15 minutes)
Explain that atomic mass increases as the atomic number increases, but not 
regularly. Explain that this is because the number of protons is not always the 
same as the number of neutrons in an atom. Explain that the atomic mass given 
in the periodic table is the average mass for all forms, or isotopes, of each 
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element. The number of neutrons shown is the number for the most common 
isotope of the element.
Explain that by the end of the nineteenth century, most scientists agreed on the 
existence of atoms. The model we study was first proposed by physicist Ernest 
Rutherford. We now know that the arrangement and behaviour of atoms is 
responsible for each element’s unique set of chemical characteristics. Mendeleyev 
developed a periodic table of elements. Explain that he arranged the elements in 
the order of their atomic number. All elements having the same number of valence 
electrons were put in the same column. He also ensured that all elements in the 
same row have the same number of electron shells. The rows of the periodic table 
are called ‘periods’, and the columns are called ‘groups’.Because elements in the 
same group have the same number of valence electrons, they react in similar 
ways. This explains why elements in the same group have similar properties.
Point out that the elements in the centre of the periodic table are called 
‘transitional elements’. The first column contains all alkali metals, except for 
hydrogen. The second column contains the alkaline Earth metals. The last 
column is the noble gases. The second-to- last column is the halogens.

Group activity (10 minutes)
Ask the students to work in pairs to study any two of the first eighteen elements 
of the periodic table. As they do this, ask them to complete Worksheet 3. 
Encourage them to include more information about the element.

Summing up (5 minutes)
•� Review the basis on which elements are arranged in the periodic table.
•� Elicit that by organizing the elements in the periodic table it is easier to 

remember their properties and structure.

Homework
•� Ask the students to answer exercise 3.
•� Research and identify the common physical properties of elements within 

each family.

LESSOn 3 1 period
Motivational activity (5 minutes)
Ask the students:
•� What makes substances different from each other?
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•� Why are there differences between the structures of atoms?
•� How are electrons arranged around the nucleus?
•� Why do some elements make compounds more readily than others?
•� How do you know if an atom is positive or negative?

Developmental activity (10 minutes)
Pages 65 to 68
•� Ask them to read pages 65 to 68 of the textbook.
•� Encourage them to use the glossary

Teacher’s input (10 minutes)
Review the definitions of an element and an atom. Next, review the basic 
structure of an atom, including the nucleus, protons, neutrons, and electrons. 
Choose one of the first 18 elements of the periodic table. Demonstrate how to 
draw a diagram of that element using the element’s atomic number and atomic 
mass. Point out how many electron shells there are in the model, as well as the 
number of valence electrons, or electrons in the outermost shell. Electron 
configuration is the number of electrons found in each energy level or shell of 
the element’s atoms, starting from the innermost, or lowest, energy level.
Draw the atoms of four different elements, e.g. hydrogen, nitrogen, calcium, and 
zinc. Ask the students to compare the diagrams and identify a relationship 
between the number of the electrons and the increase in the number of the 
electron shells.
The electrons which are on the outer shell are the valence electrons that interact 
with the valence electrons of the other atoms to form compounds. Ask the students 
to indicate the valence electrons by circling the electrons on the outer shells of the 
diagrams you have drawn on the board. Explain that the reactivity of an element 
depends on its valency. Explain that the outermost shell tends to complete the 
number of electrons in it; therefore it will either gain or lose electrons.
Explain cations and anions.

Group activity (10 minutes)
•� Describe various atoms and ask students to create models of them using 

their magnetic marbles.
•� Tell them how many protons, neutrons, and electrons there are for each atom.
•� Ask them to use the same colours each time for the various sub-atomic particles.
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•� Ask them to build the atom and tell you whether the atom is positive or negative.
•� They should draw these atoms using the same colours, and indicate the 

charge for each sub-atomic particle with a ‘+’, ‘-‘, or ‘0’.
•� They should also indicate whether the atom as a whole is positive, negative, 

or neutral. Explain that more protons means positive; more electrons means 
negative; equal numbers of protons and electrons means neutral.

Summing up (5 minutes)
•� Recall what electronic configuration is.
•� Recap the definitions of valency and ions.
•� Review the importance of valency in the formation of compounds.

Homework
Ask the students to answer exercises 4 to 9.

LESSOn 4 1 period
Motivational activity (5 minutes)
Ask the students:
•� What do you know about radioactive elements?
•� Have any of you had an X-Ray?
•� What does an X-Ray show?
•� Have you ever heard of MRI or CT scans?

Developmental activity (10 minutes)
Pages 68 to 69
•� Review the definitions of atomic number and mass number.
•� Point out the difference between the two.
•� Elicit that the atomic number of all the atoms of an element is always the same.
•� Elicit that mass number may differ.
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•� Ask them to read pages 68 to 69 of the textbook.
•� Encourage them to use the glossary.

Teacher’s input (10 minutes)
Explain that isotopes are atoms of the same elements which have different 
numbers of neutrons and different mass numbers, but have the same numbers 
of protons and electrons, or atomic number. Explain that the atomic structures 
of the isotopes of an element are the same; the difference lies only in the 
nucleus. The isotopes also have different chemical notations.
Ask student volunteers to draw on the board the structures of the isotopes of 
carbon and chlorine. Carbon has three isotopes (carbon—12, carbon—13, and 
carbon—14). Chlorine has two isotopes (chlorine—35 and chlorine—37).

Group activity (10 minutes)
•� Make four groups.
•� Give each group four paper cups.
•� Give out sweets of four flavours and ask them to place four of the same 

flavour in each cup.
•� Explain that the sweets represent atoms; the flavours represent isotopes of 

the element.
•� Ask them to weigh each cup separately.
•� Then mix in one cup 1 of each flavor to give a total of 4.
•� Weigh this cup.
•� Divide the total mass of each type of isotope by the number of ‘atoms’ of that 

isotope to determine the average mass of each isotope.
•� Determine the percentage of each isotope present in the sample by dividing 

the number of atoms of the isotope by the total number of sweets and 
multiplying by 100.

•� Calculate the average atomic mass by using the average mass of the sweets.

Summing up (5 minutes)
•� Recap the concept of isotopes.
•� Review the uses of radioisotopes in medicine and in agriculture.

Homework
•� Ask the students to answer exercises 10, 11, and 12.
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•� Ask them to bring to class an X-ray film or CT scan film if there is one at 
home.

LESSOn 5 1 period

Motivational activity (5 minutes)
Ask the students to give the symbols of various elements.

Ask:
•� What would you write to show that 2 atoms had combined together?
•� In what other way can you write water instead of spelling the word?
•� What do the symbols used to write water stand for?
•� What does the number in the symbol stand for?
•� We use a lot of water all the time. Do you think if you collect it from different 

sources it will have different physical and chemical properties?
•� Can you make water with any other combination of hydrogen and oxygen?

Developmental activity (10 minutes)
Page 70
•� Ask them to read page 70 of the textbook.
•� Encourage them to use the glossary and explain the terms used in the topic.

Teacher’s input (10 minutes)
Explain that a chemical formula is a shorthand representation of compounds that 
tells us the names of the elements and the number of atoms of each in the 
compound. Explain the different suffixes in names of compounds i.e., ide, ite and 
ate. Explain the following steps to write a chemical formula.
1. Write the symbols for the ions. Cations are always written first and anions follow.
2. Cross check the numbers and write them as subscripts.
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Move on to explain the law of constant composition. State the law and give the 
example of water by observing different samples of water from different sources. 
Each sample is colourless, odourless, and a universal solvent. Suggest that this 
proves that no matter how or where a compound is prepared, the elements and 
the number of atoms in it always remain the same. You can also use the example 
of table salt and chalk for this.

Activity (10 minutes)
•� Distribute Worksheet 4 to the students and ask them to complete it.
•� Guide them to use the periodic table for the names of elements.

Summing up (5 minutes)
•� Review the lesson you have taught.
•� Do exercises 15 and 16 on pages 73 and 74.

Homework
Ask the students to answer exercises 13 and 14.
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Physical and chemical changes and 
processes
Teaching objectives
•� �to differentiate between physical and chemical changes, and identify such 

changes in the environment
•� to explain the uses of hydrocarbons as fuels
•� to explain the physical and chemical properties of fertilizers which make them 

suitable for use in agriculture
•� to describe the harmful effects of fertilizers
•� to describe the chemical process by which vegetable oil changes into fat
•� to explain how plastic is manufactured
•� to distinguish between reversible and non-reversible changes in materials 

and give examples of each

Key vocabulary
reversible, non-reversible, vapourization, condensation, sublimation, hydrocarbon, 
combustible fuel, methane, propane, hexane, benzene, exhaustion, renewable, 
disaster, anure, synthetic, macronutrient, compost, casting, guano, peat, 
eutrophic, cholesterol, HDL, LDL, transfat, catalyst, hydrogenation, shortening, 
additive, biodegradable.

Materials required
•� board
•� marker/ chalk
•� candles for groups
•� boxes of matches
•� worksheets
•� two pot plants
•� poster to monitor growth of plants

7
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LESSOn 1 1 period
Motivational activity (5 minutes)
•� Break a stick of chalk; ask the students if they can write with both the pieces.
•� What happens to wax when it is heated?
•� What happens to wax when it cools?
•� Can you separate flour and water from bread?
•� What remains in a dish of salt solution after all the water has evaporated?
•� What does water turn into when it evaporates?

Developmental activity (8 minutes)
Pages 75 to 77
•� Ask the students to think about reversible and irreversible changes.
•� Ask them to give examples from daily life.
•� Ask them to read pages 75 to 77 of the textbook.
•� Encourage them to use the glossary at the end of the book.

Teacher’s input (10 minutes)
Explain that things may change form, shape, and size. They may become entirely 
different from how they were. Using clay, you can make things of different sizes 
and shapes; but all of them will still be clay. You can tear paper, fold it into 
different shapes or paint it, but it remains paper. Its properties remain the same. 
Point out that evaporation, condensation, melting, freezing, and sublimation 
involve physical changes.

Explain that chemical changes cannot be undone. The substances that have 
undergone chemical change have entirely new properties. They look, smell, feel, 
and taste different. Ask the students to give examples of chemical changes. Wood, 
once burned, cannot be made into wood again. Ashes or burnt wood is different 
from its previous form. Rusting of iron and boiling an egg are both chemical changes.
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Group activity (12 minutes)
•� Divide the class into groups.
•� Each group should light a candle and let it burn for 3 minutes.
•� Then blow it out
•� Ask them to record their findings in Worksheet 5.
After completion of the activity, explain that a reversible change is a physical 
change and no new thing is formed. Explain that a chemical change is an 
irreversible change and a new substance is formed; cotton turns into ash, but 
wax remained wax.

Summing up (5 minutes)
•� Review the points you have discussed in the lesson.
•� Recall the differences between physical and chemical changes.

Homework
Ask the students to answer exercises 1 to 6.

LESSOn 2 1 period
Motivational activity (5 minutes)
Ask the students
•� What did you have for breakfast?
•� Was it cooked?
•� What fuel did the stove use?
•� How did you come to school?
•� What fuel does the vehicle run on?
•� What fuels do trains and aeroplanes use?
•� From where do these fuels come?
•� What do the terms organic and inorganic mean?
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Developmental activity (10 minutes)
Pages 78 to 79
•� Ask the students about the uses of hydrocarbons.
•� Ask them to give examples from daily life.
•� Ask them to read pages 78 to 79 of the textbook.
•� Encourage them to use the glossary.

Teacher’s input (10 minutes)
Explain the term hydrocarbon. Although hydrocarbons seem to be simple 
compounds as they are made of only two elements, they are found in a large 
variety. Each compound has a different set of chemical properties. Explain that 
hydrocarbons are derived from oil deposits, and are the source of petrol, heating 
oil, and other fossil fuels.
Ask them to recall how fossil fuels are produced by decaying living matter. Elicit 
the names of different fossil fuels and how they are obtained. Focus on the fact 
that it takes millions of years to produce them. Also discuss what would happen 
if the Earth ran out of fossil fuels.
Ask them to name renewable energy sources. Discuss wind power plants, solar 
plants, and nuclear plants. Discuss the use of these plants in Pakistan and in 
the rest of the world.

Activity (10 minutes)
To make sure that the students have understood the lesson, ask them to 
complete Worksheet 6. Once they have answered the questions, discuss the 
answers in class.

Summing up (5 minutes)
•� Review the composition, properties and uses of hydrocarbons.
•� Recap the important points by asking questions.

Homework
•� Ask the students to answer questions 7, 8, and 9.
•� Make a chart showing the uses of hydrocarbons.
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•� Estimate the daily consumption of hydrocarbons by your family.
•� Suggest ways to reduce the use of hydrocarbons by your family.

LESSOn 3 1 period
Motivational activity (5 minutes)
Ask the students
•� What is natural manure?
•� What are chemical fertilizers?
•� Why do we use chemical fertilizers?
•� What is organic food?
•� What is inorganic food?

Developmental activity (10 minutes)
Pages 80 to 81
•� �Ask the students if they grow vegetables at home. How are those plants 

nourished? What is needed for plants to grow, apart from water and sunlight? 
What are the major nutrients of plants? If necessary, help them to answer 
the questions.

•� �The teacher should explain the difference between barren land and fertile land.
•� Ask the students to read pages 80 to 81 of the textbook.
•� Encourage them to use the glossary at the end of the book.

Teacher’s input (10 minutes)
Differentiate between organic and man-made fertilizers and explain why the former 
is environment friendly and latter is not. Discuss other hazards of synthetic fertilizers 
which are: increase in global warming, toxicity of soil, killing of decomposers, 
depletion of oxygen in water, and increase in pest growth. Explain each factor in 
detail with examples and incidences that have occurred in their surroundings and 
the rest of the world. Also investigate the physical properties of fertilizers.
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Investigation (requires advance preparation) (10 minutes)
The teacher should plant two plants of the same kind in two different pots well 
in advance of the lesson. Use natural manure in one and synthetic fertilizer in 
the other. Both plants should be kept under the same conditions. Prepare a chart 
monitoring the growth of the two plants. If possible take photographs of them 
and glue them on the chart.
Bring both plants to the lesson and display the chart on the board. Ask the 
students to discuss the differences in size, leaves, growth, and colour of the two.
Ask them to investigate: the growing time of both the plants, and the differences 
made by the type of fertilizer used on plant growth. Discuss any adverse effects 
also.

Summing up (5 minutes)
•� Review the importance, properties, and uses of fertilizers.
•� Recap the adverse effects of fertilizers.

Homework
•� Ask the students to answer exercises 7, 8, and 9.
•� �Ask them to make a poster illustrating what plants need to survive and how 

to care for them.

LESSOn 4 1 period
Motivational activity (5 minutes)
Ask the students:
•� Do you like French fries, broast, paratha, or achaar?
•� What is common in all these things?
•� Is oil an integral part of our cuisine (or cooking)?
•� What is desi ghee?
•� What is banaspati ghee?
•� Can you name some things around you that are made of plastic?
•� Has plastic become an integral part of our households?
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Developmental activity (5 minutes)
Pages 82 to 83
•� �Explain that banaspati ghee is vegetable fat that has been treated. Point out 

that it is an artificial fat that is more unhealthy than any other kind. It may have 
the same calories but there is a huge difference in what it does in the body.

•� Ask them to read pages 82 to 83 of the textbook.
•� Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Discuss the sources of vegetable oils. Ask the students to find out which oils 
they use at home. List the different types of oils used for cooking; corn oil, soya, 
sunflower, olive, or sarsun (mustard). Then explain that oil is extracted from 
seeds. Discuss good fats and bad fats. Introduce the terms cholesterol, transfat, 
LDL and HDL.
Relate fats to human health. Explain how desi ghee is made and that it is animal-
based whereas oils are plant-based. Explain hydrogenation of vegetable oil. 
Describe the reduction of double bonds of oil by introducing hydrogen molecules 
under high temperature and pressure. Then explain how, after this process, the 
oil becomes partly solid, but point out that unsaturated fats of oil become saturated. 
Most animal fats are saturated fat and are unhealthy as they block the arteries, 
causing heart disease. Mono-unsaturated and polyunsaturated fats are healthier.
Ask for the scientific name of plastic. Describe the reactants which make plastic. 
Explain that it is a synthetic material. Tell them about the additives that add colour 
and strength to the plastic. Ask why we use plastic? Discuss the durability of the 
material. Explain that this durability is injurious for the environment because 
when burned it releases toxic fumes. It does not decay or decompose. Its 
production produces pollutants.

Group activity (10 minutes)
Make groups of five and ask the students to list the things in their lunch boxes 
that contain oil or ghee. Remind them that all types of biscuits contain oil or butter 
and crisps are fried in oil. There may be other things which contain oil or ghee.
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Then ask each of them to list the items they have that are made of plastic. Some 
of them may not be made completely of plastic but may have plastic parts, like 
buckles of school bag, etc.
Now ask each group to read out their lists. The teacher should write the items 
named in two columns on the board

Things made of plastic Food cooked with oil or ghee

Finally read the complete list. The students will be amazed to know how oil, ghee, 
and plastic have become integral parts of our lives.

Summing up (5 minutes)
•� Remind the students how vegetable oil is hydrogenated.
•� Review the points discussed in the lesson.
•� Recall the uses of plastic and its hazardous effects on our environment.

Class work (5 minutes)
•� To review the whole unitdo exercises 15 and 16 in class.

Homework
Ask the students to answer exercises 10, 11, and 14.
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Transmission of heat
Teaching objectives
•� to explain the flow of heat from a hot body to a colder body
•� to explain conduction, convection, and radiation with experiments
•� �to recognize the three modes of transfer of heat from the environment and 

identify appliances using these
•� to list heat-conducting materials
•� to explain how birds can glide in the air for hours
•� to describe the working and principle of the vacuum flask

Key vocabulary
transmission, thermal energy, conduction, convection, radiation, conductor, 
insulator, vigorous, colloid, radiator, infra-red radiation, vacuum.

Materials required
• board
• marker/chalk
• worksheet
• vacuum flask
• an ice cube
• plate
• candle
• metal ruler
• wooden ruler
• iron rod
• wax

8
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• test tube
• test tube holder
• water
• paper spiral
• straw
• match box
• glass bowl
• two different food colourings
• poster of internal structure of a vacuum flask.

LESSOn 1 1 period
Motivational activity (5 minutes)
Ask the students:
•� Do you bring water to school?
•� Is it hot or cold?
•� How long does it maintain its temperature?
•� Why does it become hotter or colder?
•� Why is the handle of an iron made of plastic?
•� Have you ever touched a hot metal pan with a bare hand?
•� Have you walked on the road on a sunny day?
•� Why do these objects feel hot?

Developmental activity (10 minutes)
Pages 87 to 89
•� Discuss how heat is transferred to your body when you are in direct contact 

with the road or a hot pan.
•� Ask the students to read pages 87 to 89 of the textbook and discuss the 

‘Think and tell’ and activity sections.
•� Discuss insulators and conductors.
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•� Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Having discussed the activities and examples of transmission of heat, explain it on 
the molecular level. Explain how thermal energy is transferred through a material by 
the collisions of atoms within the material which may be solid, liquid or gas.
Explain, by giving everyday examples, that heat is a form of energy and that 
temperature changes result from adding or taking away heat from a system. 
Discuss the terms insulator and conductor. Explain that an insulator is a material 
that does not transfer heat very easily, such as wood, plastic, or rubber. 
Conductors do transfer heat very easily, for example, metals. Explain the 
phenomenon of hot air rising and how it is applied in hot air balloons. Discuss 
how a rocket flies.

Group activities (10 minutes)
Activity one
•� Give equal-sized ice cubes on a plate to 4 pairs of students.
•� Ask them to record the time taken for the ice cube to melt.
•� Ask them to explain why the ice cube melted.
•� Explain why ice does not melt in the freezer.
•� What effect does temperature have on the transfer of heat?

Activity two
•� Divide the rest of the class into two groups and give each group a candle, 

a wooden ruler, and a metal ruler.
•� Ask them to light the candle and hold the wooden ruler above the flame for 

2 minutes.
•� Then hold the metal ruler above the flame for 2 minutes.

(be careful here, ensure that the rulers are at a safe distance from the flame)
•� Ask them to write answers for the following questions:
•� Why one of the rulers get hot and the other did not?
•� What is the difference between the two materials with reference to heat?
•� Why do some materials become very hot and others do not?

After the completion of the activity discuss the findings of the groups and the 
pairs. Explain that transfer of heat is always from a hot to a colder object. 
Then explain the terms conductors and insulators.
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Summing up (5 minutes)
•� Recall the fact that heat is a form of energy.
•� Review the flow of heat from hot to colder objects.
•� Recap the definitions of insulator and conductor.

Homework
•� Ask the students to answer questions 1, 3, and 8.
•� Write the names of things in your house which are conductors or insulators.

LESSOn 2 1 period
Motivational activity (5 minutes)
Ask the students:
•	 Why does the temperature of an object change when it is placed in hot water?
•	 What is the relationship between heat energy and conduction?
•	 What happens to chocolate when you take it out of the refrigerator and 

hold it in your hand for a while? Why does it melt?
•	 What physical evidence indicates that energy transfer has occurred?

Developmental activity (10 minutes)
Pages 90 to 91
•	 When the students have answered the above questions establish the fact 

that matter must be present for the conduction of heat to take place.
•	 Refer to the pictures of animals, birds and people on page 91 of the textbook.
•	 Ask the students to read pages 90 and 91 of the textbook.
•	 Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Students are introduced to the concept of conduction of heat through various 
materials. Point out that the rate of conduction of heat through different materials 
depends on the conducting and insulating properties of the materials.
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Conduction adds or removes energy from a substance; faster-moving molecules 
contact slower-moving molecules and transfer energy to them. Explain, by giving 
examples, that some materials are better conductors of heat than others. Explain 
that in all solids the molecules are closely packed, but metals conduct heat 
whereas glass and wood do not.
Mention the availability of free electrons in metals. Explain that an insulator does 
not conduct heat because air is trapped inside it. Give the examples of feathers, 
fur, a blanket and wool. Discuss the use of insulators in household items.

Group activity (10 minutes)
Divide the students into two groups; group A and group B.
Ask group A to do the following:
•� Apply some wax to one end of an iron rod.
•� �Fix it on a stand so that both ends of the rod extend freely on the sides of 

the stand.
•� Light a candle and place it under the un-waxed end of the rod.

Ask students to observe and answer the following question.
Did the end of the rod get hot?
How long did it take?
What happened to the other end of the rod?
Did the wax melt?
How long did it take?
Why did the wax melt when the heat was not applied at that end?
What does this show?

Ask Group B to do the following:
•� Put some water in a test tube.
•� Add tiny pieces of paper to the water.
•� Hold the test tube with a test tube holder.
•� Light a candle and hold the test tube above the flame so that the upper end 

of the test tube is heated.
•� Observe for 5 minutes and answer the following questions:
•� Did the tiny pieces of paper in the lower end of the tube start moving 

vigorously?
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•� Did the upper end of the tube get hot?
•� Did the water at the upper end get hot?
•� Explain how heat was transferred.

At the end of the activity ask the groups to explain conduction in solids, 
liquids, and gases with reference to the availability of free electrons.

Summing up (5 minutes)
•	 Recap the definition of conduction.
•	 Recall the fact that conduction needs a medium which may be solid, liquid, 

or gas, but heat is conducted best through metals.
•	 Review the lists of conductors and insulators.
•	 Review the conduction of heat in metals and non-metals.

Homework
•	 Ask the students to answer exercises 4, 5, 6, and 7.
•	 List activities at home that involve conduction of heat.

LESSOn 3 1 period
Motivational activity (5 minutes)
Ask the students:
•	 Why does a sea breeze blow during the day?
•	 Why is the sea breeze replaced by a land breeze at night?
•	 How do geysers work?
•	 How do aeroplanes and birds take off?

Developmental activity (10 minutes)
Pages 92 to 93
•	 Recall the activity of heating water in a test tube in the previous lesson. Elicit 

that conduction was not possible through water and air so the heat transfer 
was done through convection.
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•	 Point out that cricketers wear cotton hats so that the heat dissipates from the 
head to the surroundings easily. We use an electric fan in the summer to 
produce air currents that continuously remove hot air from the room.

•	 Ask the students to read pages 92 and 93 of the textbook and refer to the 
pictures of land breeze, bird flying, and aero plane.

Teacher’s input (10 minutes)
Explain that convection is the transfer of heat in air or through a fluid current. 
Convection only happens when things move, e.g. when a fan blows air on you, 
you feel cooler. Convection happens when hot air rises. The hot air rises because 
it is less dense and the cooler air falls because it is denser. The cooler air is 
then heated and rises, and this creates a cycle of transferring molecules. This 
is also what happens in a hot air balloon, boiling water, or with the directions of 
the land and sea breezes.
Explain that convection does not happen in space. Discuss the role of car 
radiators in cooling car engines. Discuss ocean currents, glider pilots, the use 
of chimneys, and ventilators in buildings.

Activity (10 minutes)
•	 Ask the students to cut a spiral from a piece of paper.
•	 Tie a thread to the innermost circle of the spiral.
•	 Tie the other end of the thread to a stiff straw.
•	 Turn off the fan.
•	 Light a candle.
•	 With the help of the straw, hold the spiral slightly above the flame so that 

flame does not reach the spiral.
•	 Observe!
•	 What happened to the spiral?
•	 Why did it happen?

Explain that the spiral starts moving upwards due to the convection of heat 
through the air above the flame. The air above the flame gets hot and rises. 
Because the paper spiral is light it also moves up with the moving air.
•	 Take a colourless glass bowl
•	 Fill it with water
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•	 Place your hand on one side of the bowl and some ice on the other side.
•	 Add small amounts of two different food colourings, one at each side, and 

ask the students to observe the direction of the movement of the water.
Elicit that the water from the warmer side of the bowl is moving to the colder 
side. This shows how heat moves from the hot side to the cold side by convection.

Summing up (5 minutes)
•	 Recap the important features of heat transfer through convection.
•	 Review the examples involving convection currents in liquid and gases.
•	 Summarize why convection is not possible in solids.

Homework
•	 Ask the students to answer exercises 9, 10, and 11.
•	 List the activities at home which show convection. Explain why you have 

listed them.

LESSOn 4  1 period
Motivational activity (5 minutes)
Ask the students:
•� How close to the fire do you stand to feel its heat?
•� How can heat reach your skin without the fire actually touching it?
•� Do you need to touch fire to feel the heat?
•� How do heaters work?
•� Why buildings in hot countries like ours are painted white?
•� Why do fire fighters wear brightly-coloured clothes?
•� Why engines are painted black
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Developmental activity (10 minutes)
Pages 94 to 95
•� As the students answer the motivational activity questions, discuss poor radiators 

and good radiators of heat. Explain the effect of colour on heat radiation.
•� Explain that heat travels in electromagnetic waves. This type of transfer of 

heat is called radiation.
•� Ask the students to read pages 94 and 95 of the textbook and, referring to 

the pictures, explain the greenhouse effect and its use.
•� Ask the students to place their thermos flasks on the desk.
•� Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that heat transfer by radiation does not rely upon any contact between 
the heat source and the heated object. For example, we feel heat from the Sun 
or a fire even though we are not touching them. Radiation can occur through 
objects and empty space.
Explain the term electromagnetic waves. The teacher’s focus should be on 
developing the concept of heat transfer by radiation using experiences familiar 
to the students of which the warmth of the Sun and fire are most common.

Activity (5 minutes)
Ask the students to do Worksheet 7. Help them to answer the questions.

Summing up (5 minutes)
•� Revise the three processes by which heat is transferred: conduction, 

convection, and radiation

Class work (5 minutes)
•� Do exercise 15 and 16.

Homework
Ask the students to answer exercises 2, 12, 13, and 14.
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Dispersion of light
Teaching objectives
•� to explain refraction of light and its causes
•� to discuss, with examples. the effects of refraction
•� to define the laws of refraction and the refractive index
•� to define critical angle and total internal refraction
•� to describe dispersion of light by a prism and list the colours that result
•� to define spectrum of light
•� to identify the primary colours and explain how they combine to form 

secondary colours
•� to identify devices which use different combinations of colours
•� to demonstrate how spinning a seven-coloured disc results in a white disc
•� to explain why an opaque or a non-luminous object appears to be of a 

certain colour

Key vocabulary
mirage, oasis, spectacles, refractive index, apparent, critical angle, prism, total 
internal reflection, dispersion, spectrum, merger, periscope

Materials required
•� board
•� chalk/marker
•� sheets of drawing paper
•� drawing boards
•� pins
•� glass slabs
•� rulers
•� pencils
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•� erasers
•� protractors
•� glasses of water for student pairs
•� two pieces of paper for each pair
•� coin for each pair
•� some red, green, and blue light filter paper
•� a pair of safety spectacles for each group
•� coloured objects to view through the spectacles
•� scissors
•� sticky tape
•� sheets of card
•� 2 round mirrors for each group

LESSOn 1 1 period
Motivational activity (5 minutes)
Ask the students:
•� What happens when a ray of light falls on a shiny surface?
•� What happens when it falls on other surfaces?
•� Is the behaviour of light the same when it passes from one medium to another?
•� Does the density of the medium affect the behaviour of light?
•� What happens when a light ray falls on a denser medium?
•� What happens when a light ray falls on a less dense medium?

Developmental activity (10 minutes)
Pages 98 to 100
•� Refraction is an important behaviour of light that can be used to explain 

the operation of lenses, prisms, and optical fibres, as well as natural 
phenomena such as rainbows and mirages.
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•� Ask students to give examples of reflection and refraction of light from their 
everyday experiences.

•� Ask students to explain in their own words why light waves bend when 
they enter a new material.

•� Refer to the diagrams on pages 98 and 99 of the textbook and ask them to 
try to explain them.

•� Ask the students to read pages 98 to 100 of the textbook.
•� Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Begin the lesson by explaining the concept of refraction. Explain the term density. 
Ask students to investigate refractive index as given on page 99. Further explain 
that the refractive index is defined as the ratio of the speed of light in a vacuum 
to the speed of light in a material. Remind students that a high index of refraction 
means a low light speed. Light is slowed in a material due to interaction between 
the electric field of the light wave and the atoms that make up the material.
Next explain Snell’s law, discussing each point in turn. Explain that Snell’s Law 
will be more clearly understood after conducting the following experiment.

Group activity (10 minutes)
•� Divide the students into groups of four.
•� Give each group a drawing board, sheet of drawing paper, protractor, pins, 

and a glass slab.
•� Ask them to keep page 100 of the book open in front of them and follow 

the instructions one by one.
•� Finally discuss the conclusion drawn at the end of the experiment.
•� Ask students to take particular care when measuring angles; the angles of 

incidence and refraction are always measured from the normal line to the 
incident or refracted ray.

•� Help students to gain important conceptual knowledge by observing the 
relative sizes of the incident and refracted angles.

Summing up (5 minutes)
•� Review the definition of refraction, and the phenomenon of mirages.
•� Recap the laws of refraction and recall the refractive indices of different materials.
•� Review the findings of the experiment.
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Homework
Ask the students to answer exercises 1 to 4.

LESSOn 2  1 period
Motivational activity (5 minutes)
Ask the students:
•� Have you ever been swimming?
•� If you are standing on the edge of the pool looking at a swimmer, does he 

appear to be near the surface of the water or deep below the surface?
•� Does the pool appear shallower or deeper than it really is?
•� Have you been on a long drive on a hot, sunny day?
•� Have you seen mirages?
•� Why do you not see water when you reach the point where you thought it 

should be?
•� What really makes the road look like water?

Developmental activity (10 minutes)
Pages 101 to 102
•� Refer to the pictures on pages 101 and 102 of the textbook and ask the 

students to explain them.
•� Ask the students to read pages 101 to 102.
•� Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Discuss why a straight stick appears to be bent when part in and part out of water. 
Explain that this effect is caused by refraction of light at the surface of the water. 
The magnitude of the effect is related to the refractive index of the medium 
involved. Explore the causes of difference in refractive index and the examples 
from daily life.
Discuss what will happen if the angle of incidence of a light ray is increased 
gradually. Investigate the critical angle and total internal reflection by drawing figures 
on the board. Explain that as the angle of incidence increases, a point comes when 
it bends along the edge of the medium, which means it is parallel to the medium. 
Elicit that this is the critical angle. If the angle of incidence is further increased, it 
will be totally reflected inwards. This is known as total internal reflection.
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Group activity (10 minutes)
Ask the students to work in pairs to study real and apparent depth by doing 
the following activity.
•� Give each pair a glass of water, a coin and two pieces of paper.
•� Draw a straight line on each piece of paper.
•� Place one of the sheets under the glass.
•� Looking down into the glass from above, raise the second sheet of paper 

until the two lines appear to coincide with no parallax.
•� Record the real and apparent depths.
•� So what happened?
•� The light travels more slowly through the water than through the air so the 

light ray changes direction. When this happens things appear to be closer 
than they actually are.

Summing up (5 minutes)
•� Recall the important points of the lesson.
•� Review the cause of real and apparent depth.
•� Recall the laws governing total internal reflection and critical angle.

Homework
•� List examples of real and apparent depth you have noticed in your 

everyday life.
•� Ask the students to answer exercises 5 to 8.

LESSOn 3  1 period
Motivational activity (5 minutes)
Ask the students:
•� Have you ever seen a rainbow?
•� When does a rainbow appear?
•� What is this glass triangle called?(show a prism)



1

Unit 

144

9



1145

•� Can reflection help us see around corners?

Developmental activity (8 minutes)
Pages 103 to 105
Point out the pictures on the given pages and ask the students to share their 
experiences of seeing a rainbow or spectrum on a wind screen or other glass 
surfaces.
Ask the students to read pages 103 to 105 of the textbook.
Encourage them to use the glossary to understand the text.

Teacher’s input (8 minutes)
Explain that when white light enters the prism, you see colours. Explain how the 
glass prism works. Elicit that light can be reflected, refracted, or absorbed. Show 
students a prism. How does colour come from the white light? Discuss possible 
solutions. Then ask students if the light entering the prism is reflected, refracted, 
or absorbed.
Explain that periscopes are instruments which allow us to see objects that are 
not in the direct line of vision. They are often found in submarines. Tanks also 
contain periscopes that enable the people inside to view the surrounding area 
while remaining protected. Other types of periscopes allow doctors to view inside 
the human body before surgery. Ask them if they have heard of endoscopes or 
cystoscopies.
Discuss the types and everyday applications of reflecting prisms.

Group activity (14 minutes)
Divide the students into group of six. Give two round mirrors and a sheet of card 
to each group along with tape and scissors. Ask them to follow these instructions.
•� Cut a rectangle of card that is 13 cms wide and 26 cms long.
•� Roll it lengthwise so that it is wide enough for the mirrors to fit in. Secure 

the roll with sticky tape.
•� Cut a 3 cms square at the top and the bottom edge of the roll so that they 

are diagonally opposite each other.
•� Cut 2 rectangles of card 2.5 cm long and 5 cms wide.
•� Fold the rectangles in half.
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•� Tape a mirror to each rectangle.
•� Fit a mirror in each end of the roll.
•� Adjust by changing angles until you can see the reflection of the top mirror 

in the bottom mirror.
•� Tape the little rectangles inside the roll to hold the mirrors in place.
•� View things in the classroom.

Summing up (5 minutes)
•� Recall the important points of the lesson.
•� Review the formation of rainbows and breaking down of white light.
•� Remind students of the role of the prism in studying the spectrum.
•� Recall the working of the periscope and the significance of reflecting prisms.

Homework
Ask the students to answer exercises 9 to 14.

LESSOn 4  1 period
Motivational activity (4 minutes)
Ask the students:
•� Why do things appear to be different colours?
•� Why do we wear white or light colours in summer and dark colours in winter?

Developmental activity (8 minutes)
Pages 105 to 107
•� Elicit that white light is made up of the seven colours of the spectrum.
•� Ask if objects reflect or absorb colours. Some objects absorb some colours 

of the spectrum and reflect other colours.
•� Ask the students to read pages 105 to 107 of the textbook.
•� Encourage them to use the glossary to understand the text.
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Teacher’s input (8 minutes)
Discuss how we see colours all around us. Why does grass look green and a 
rose red? Why is the black board black? What is the relation between colours 
and reflection of light? Discuss the composition of white light.
Students often believe that reflection occurs only from shiny surfaces; remind 
them that most of the objects they see are visible because of reflected light. 
Describe the role of cones in the human eye in seeing colours. Explain why 
human beings are trichromatic.

Group activity (10 minutes)
Divide the students into groups of four
•� Give one pair of safety spectacles to each group.
•� Ask them to insert pieces of red, green, and blue sheet inside the lenses.
•� Each student should experience one colour view by wearing a red, green, or 

blue pair of spectacles.
•� One of the students should hold up objects of different colours and ask the 

one wearing the spectacles to identify the colour of each object.
This exercise will demonstrate how the eye sees colour. At the end of the activity 
explain that coloured light is made up of red, green, and blue light. When you 
look at a yellow object through a primary blue filter, only blue light is allowed 
through, so that is the colour that the object appears to be. When you look 
through a primary red filter at a primary blue object, the object will appear black 
or at least very dark, because the red filter does not allow the blue light from the 
object. Discuss different colours in the same manner. Explain that colours not 
seen are absorbed by objects; the colour seen is the one which is reflected.

Summing up (10 minutes)
•� Review the primary colours and secondary colours.
•� Ask students questions about the colour wheel to assess their understanding.
•� Recall why we see different colours.
•� Do exercise 23 and 24 to review the whole lesson.

Homework
•� Ask the students to answer exercises 15 to 22.
•� Ask the students to make a poster showing any four objects of interest of 

different colours and create a chart of what colours are absorbed by each 
object and which are reflected.
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Sound waves
Teaching objectives
•  to define the terms wavelength, frequency, and amplitude of sound, and give 

their units
• to explain the factors on which sound depends
•  to investigate objects in the home and other surroundings that are designed 

and made to produce different sounds
• to compare the audible frequency ranges of humans and different animals
•  to design a musical instrument and explain the relationship between its sound 

and shape
• to identify the applications of different sounds in daily life

Key vocabulary
vibrate, flick, compression, rarefaction, propagation, resonance effect, longitudinal 
wave, transverse wave, wavelength, amplitude, frequency, velocity, pitch, quality 
of sound, audibility, ultrasound, infrasound, echolocation, oscillate, decibel, hertz

Materials required
• board
• chalk/marker
• nails
• hammers
• wire
• wooden blocks
• rulers
• spring
• pan
• glasses of water (8 for each group)
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LESSOn 1  1 period
Motivational activity (5 minutes)
Ask the students to touch the side of their throat and say ‘ah ah ah.’
Then ask:
• What do you feel as you say ‘ah’?
• What do you hear?

Strike a metal pan with a utensil and bring it close to the ear.
• What do you hear?
• What do you see?

Developmental activity (10 minutes)
Pages 112 to 114
•  Discuss what happens to sound waves when they reach a wall or other solid, 

flat object. Investigate why an empty room produces louder sound than one 
that is carpeted and has curtains and other soft furnishings.

• Ask why you hear thunder before you see lightning.
• Ask students to read pages 112 to 114 of the textbook.
• Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that a medium is required to carry sound waves. Sound cannot travel in 
space.
Ask what a sound wave would look like if we could see it. Ask student volunteers 
to draw their ideas on the board. Then demonstrate that a sound wave looks like 
a spring being pushed back and forth.
Explain that sound waves are also called compressional waves because they 
have compressional sections and sections that are more spread out called 
rarefaction. Transverse waves move at right angles, or perpendicular, to the 
direction in which the wave is travelling. Longitudinal waves move parallel to the 
oscillation.
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Group activities (10 minutes)
Divide the students into groups of four. Conduct two activities at a time. Ask one 
half of the groups to conduct activity A, and the other half to do activity B.

Activity A
• Give each group a block of wood about 18 cm long.
•  Ask them to hammer a nail into each of its ends, ensuring that only half of 

the nail goes into the wood.
•  Instruct them to tie a length of wire around the two nails so that it is stretched 

between them.
•  Pluck the wire at the centre. You will hear a sound as it vibrates. Tighten the 

wire and pluck it again; it will produce a louder sound.
• Notice the vibrations and their direction as you pluck the wire.

Activity B
•  Take a ruler (plastic/wooden) and hold one of its ends firmly on a bench and 

leave the other end hanging freely over the edge of the bench.
• Flick the free end.
• It will start vibrating and as it does, it will produce a sound.
• Put your hand on the ruler to stop it vibrating.
• Does it still produce sound?
Discuss the observations of the students and the production of sound waves in 
both activities.
Fix one end of a spring and pull the other end. When you release it, waves are 
produced. Repeat the demonstration and explain transverse and longitudinal 
waves.

Summing up (5 minutes)
• Review that sounds are produced by waves.
• Recap the concepts of transverse and longitudinal waves.
• Recall the behaviour of sound waves in solids, liquids, and gases.
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Homework
Ask the students to answer exercises 1 to 4.

LESSOn 2 1 period
Motivational activity (5 minutes)
Ask the students:
• Why do the voices of men, women and children sound different?
• How you recognize the voices of your friends and family members?
• How do you differentiate between the sounds of different animals?
•  What characterizes sound and how do we distinguish one sound from another?

Developmental activity (10 minutes)
Pages 114 to 117
• Discuss the characteristics of sound.
• Ask students to read pages 114 to 117 of the textbook.
• Encourage them to use glossary to understand the text.

Teacher’s input (10 minutes)
Discuss wavelength and investigate what is meant by short wavelength and long 
wavelength. Explain how wavelength is measured and what its units of 
measurement are.
Students can explore pitch by making their own instruments. Discuss the quality of 
sound. Differentiate between noise and pleasant sound. Use drawings on the board 
and refer to the diagrams in the textbook to explain the phenomenon further. Explain 
that a musical composition is a complex mixture of varying frequencies, pitch, and 
qualities. Ask some students who can whistle how they produce the sound.
Discuss why the chirping of some birds is pleasant but the cawing of a crow is 
unpleasant?
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Group activity (10 minutes)
Make four groups; ask them to follow these instructions:
•  Fill a set of 8 glasses with varying amounts of water that are sufficient to 

create an octave of eight notes.
• Strike each glass with pencil.
• Do they all make a note of the same pitch?
•  Adjust the amounts of water in the glasses so that it is possible to play a 

simple tune.
•  Record on paper the arrangement of the glasses and amount of water in 

each glass.
Ask the students to share their tunes and then discuss what they learned from 
this activity. Explain that the differences in pitch were a result of the different 
heights of the columns of air above the water.

Summing up (5 minutes)
• Review the important points of the lesson.
• Recap the characteristics of sound.
• Recall what pleasant and unpleasant sounds are.

Homework
Ask the students to answer exercises 5 to 10.

LESSOn 3 1 period
Motivational activity (5 minutes)
Ask the students:
• What attracts your attention if your eyes are closed?
• What do you do when you hear a siren in the road?
• What does the siren tell you?
• What do you do when you hear the door bell?
• What does the doorbell tell you?
• When do you think this lesson will end?
• What will tell us that it is the next period?
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Developmental activity (10 minutes)
Pages 117 to 119
•  After discussing the applications of sound, draw the students’ attention 

towards pleasant and unpleasant sounds, and low and high volumes.
• Ask students to read pages 117 to 119 of the textbook.
• Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Ask questions about the application of sounds like door bells, sirens, horns, etc. 
Investigate the hearing ranges of different species. Explain that humans do not 
hear all pitches equally well. A healthy sense of hearing is characterized by an 
ability to recognize a wide range of pitch. Explain that hearing loss is the failure 
to detect specific pitches; this is why hearing aids are used. A hearing aid 
amplifies sounds coming into the ear so the sound becomes audible.
As the sound intensity increases, the frequency also increases. Explain that 
sound with a very high frequency is called ultrasound and sound with a low 
frequency is called infrasound.
A person with partial hearing loss will hear a given sound less intensely than a 
person with normal hearing. People who prefer to listen to loud music put 
themselves at risk of noise-induced hearing loss. We are most sensitive to 
frequencies between 250 and 4,000 Hz. Hearing loss also occurs with ageing. 
Discuss the hearing ability of grandparents or other older people.

Group activity (10 minutes)
Ask the students to complete this worksheet.
Explain that it is a list of animals and that the students have to compare the size 
(big or small) of the animals with the sounds they make. They must decide 
whether the pitch of the sound is high or low.
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Animal Size Pitch
mouse
bear
elephant
lion
monkey
cat
cow

Animals that make low-pitched sounds are more likely to be big/small.
Animals that make high-pitched sounds are more likely to be big/small.

Summing up (5 minutes)
• Review the important points of the lesson.
• Recap the audible ranges of different animals.
• Recall the use of a hearing aid.

Class work
Ask the students to do exercises 20 and 21.

Homework
Ask the students to answer exercises 11 to 19.
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Circuits and electric currents
Teaching objectives
• to define the term current
• to investigate the types of circuits used for different purposes
• to explain parallel and series circuits and identify the disadvantage of a series 

circuit
• to differentiate between an electric current and energy
• to explain the effects of an electric current in appliances used in daily life
• to explain voltage
• to explain resistance as an opposition to the flow of current
• to explain the relationship between voltage and resistance
• to measure an electric current using different devices
• to list the major uses of electricity in homes
• to identify electrical hazards and precautionary measures to ensure the safe 

use of electricity in the home
• to explain why electricity is dangerous

Key vocabulary
ampere, joule, alternating current, direct current, power source, resistor, switch, 
voltage, resistance, series circuit, parallel circuit, load, ammeter, voltmeter, ohm, 
lighting circuit, mains, heat immersion circuit, cooking circuit, kilo watt hour, earth

Materials required
• board
• marker/chalk
• torch
• circuit kit (wires, battery, bulbs, clips/ battery holder) for each group
• ammeter
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• voltmeter
• worksheets

LESSOn 1 1 period
Motivational activity (5 minutes)
Ask the students:
• What is a flow of electrons called?
• What happens when there is no electricity?
• What are the sources of electricity?
• Have you heard of solar energy?
• Some electrical appliances use AC and some use DC; what do you 

understand by this?
• If one of the light bulbs in your house fuses, do all the other bulbs stop 

working?
• What does a switch do and why do appliances have switches?

Developmental activity (10 minutes)
Pages 122 to 125
• Refer to the pictures on pages 122 to 125 of the textbook and discuss the 

content of each page.
• Discuss the different components of a circuit.
• Ask the students to read pages 122 to 125.
• Encourage the students to use the glossary to understand the text.

Teacher’s input (8 minutes)
Explain direct current and alternating current. Write on the board the abbreviations 
shown on different electrical appliances.
Ask students to suggest why the wire is made of metal and covered with plastic. 
Introduce the concept of materials which conduct electricity and those which 
insulate electricity.
Point out the switch board, fan, and light bulb, and discuss the components of 
a circuit: switch, fuse, wire, battery or energy source, fan, and light bulb. Discuss 
series and parallel circuits and the advantages and disadvantages of each.
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Group activities (12 minutes)
Ask students to bring a torch to this lesson. Students will trace the circuit path 
of the torch. Instruct the students to:
1. Unscrew the top or bottom of the torch and remove the batteries.
2. Identify the positive and negative terminals of the battery.
3.  Ask the students to find the + and–signs on the batteries and suggest what 

they might mean.
4. Identify the metal strip inside the wall of the torch.
5.  Elicit that the current from the batteries flows from the battery terminals into 

the torch circuit.
6.  Trace the metal strip to the place where it connects to the base of the bulb 

socket.
7.  Identify the metal pieces that conduct the current through the socket to the 

metal part of the bulb.
8.  Explain that the current flows through the filament, causing it to glow, then 

flows back to the base of the bulb.
9.  Locate the place along this circuit where the switch completes the connection 

that allows the current to flow.
10. Study the role of the switch.
Divide the students into groups of four and give each group a circuit kit. Guide 
the students to make a simple circuit as follows.
1. Use two wires; connect one end of each wire to the base of the light bulb.
2. Connect the other end of each wire to the battery.
3. Record what happens.
4.  Using your circuit, demonstrate how switches are used to turn lights on and 

off.
Tell the students that they are going to make both a series and a parallel circuit. 
To make a parallel circuit, you will need two more pieces of wire, and an 
additional light bulb and socket. Follow the instructions to make a parallel circuit.
1. Connect one end of the two new wires to the new light bulb.
2. Connect the other ends of the two new wires to the first light bulb that is still 

attached to the battery.
3. Rearrange the positions of the wires and light bulbs in your circuit to create 

a series circuit.
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4. Connect one end of the wire that is attached to the battery to the end of the 
first light bulb.

5. Connect one end of the second piece of wire to the first light bulb and the 
other end of the wire to the second light bulb.

6. Connect the other end of the piece of wire attached to the battery to the 
second light bulb.

Summing up (5 minutes)
•� Recap the important points of the lesson.
•� Review the definition of current.
•� Recall the components of a parallel circuit and series circuit and their 

advantages and disadvantages.

Homework
•� Ask the students to answer exercises 1 to 6.
•� Check your toys/games/gadgets for number and type of batteries required to 

play with them and note the different shapes of the batteries.

LESSOn 2 1 period
Motivational activity (5 minutes)
Ask the students:
•� How do you measure your height?
•� How do you measure your weight?
•� Can you measure an electric current?
•� How can you do that?
•� Have you heard of or experienced high voltage running thorough the wiring 

of your house?
•� Have you heard of or experienced low voltage running thorough the wiring 

of your house?

Developmental activity (10 minutes)
Pages 126 to 127
•� Refer to the pictures on pages 126 to 127 of the textbook and discuss each 

of them.
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•� Ask about different ways of measuring current.
•� Ask the students to read pages 126 to 127.
•� Encourage the students to use the glossary to understand the text.
•� Ask the students to bring a battery to the lesson.

Teacher’s input (10 minutes)
Show the ammeter and voltmeter and describe the components of each. Explain 
how they work and point out the differences between them. Explain the terms 
volt and ampere.

Explain that a light bulb glows because it contains a tiny wire called a filament. 
This filament has a very high resistance or opposition to the flow of electricity 
through it. Explain how resistance in the filament causes it to heat up and glow.

Explain how the current in a circuit depends upon the voltage available and the 
resistance of the materials in the circuit. The larger the voltage and the lower 
the resistance in a circuit, the greater the current produced in that circuit.
Explain that each circuit contains a resistor which creates a certain amount of 
resistance which helps to regulate the flow of current. It prevents too much 
current flowing through the circuit. A circuit with too little resistance can create 
too much heat which results in a short circuit in a home or building that could 
cause a fire.

Group activity (10 minutes)
•� Divide the students into groups of six.
•� Ask them to take out the batteries they have brought.
•� Give half of the groups a voltmeter and the other half an ammeter.
•� Give each group a circuit kit.
•� Ask them to record the current or voltage of each type of battery using the 

ammeter or a voltmeter.

Summing up (5 minutes)
•� Recap the important points of the lesson.
•� Review the working of an ammeter and a voltmeter.
•� Recall the ampere and volt.
•� Remind the students of the importance of having a resistor in a circuit, and 

the relationship between voltage, electric current, and resistor.
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Homework
•� Ask the students to answer exercises 7 to 9.
•� Note the voltage of different electrical appliances in your house.
•� Bring a copy of your latest electricity bill.

LESSOn 3 1 period
Motivational activity (5 minutes)
•� How can you get the magnets to spin inside a coil of wire?
•� How does an electric bell ring?
•� How does an electric heater increase the temperature of a room?
•� Have you seen gold-or silver-plated ornaments?
•� Do you know how this is done?

Developmental activity (10 minutes)
Pages 128 to 132
•� Refer to the pictures on pages 128 to 132 of the textbook and discuss each 

of them.
•� Ask about different uses and effects of electricity.
•� Discuss the amounts of electricity consumed and the rate per unit shown on 

the electricity bills they have brought.
•� Ask the students to read pages 128 to 132.
•� Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Discuss the three types of circuit found in a house or building: mains, lighting 
and immersion. Explain what is shown on an electricity bill. Explain the kilowatt 
hour and its sub-units. Investigate the heating, magnetic, and chemical effects 
of electricity.
Discuss electrical appliances that are used in our homes and the safety measures 
we have to take when using them. Point out that broken switches, faulty or loose 
wiring, overloading circuits, poor insulation, and poor or no earth can cause 
damage to the infra-structure as well as to life.
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Create student awareness of the dangers of electricity. Investigate ways to avoid 
risks and assess the students’ ability to predict risk. Emphasize the importance 
of using electricity safely and with care.

Group activities (10 minutes)
Distribute Worksheet 8 and ask each student to complete it.

Summing up (5 minutes)
•� Recap the important points of the lesson.
•� Review uses of electricity.
•� Recall the chemical, thermal, and magnetic effects of electricity.
•� Warn the students of electricity hazards and recall the precautions one 

should take while using electricity.

Class work
Ask the students to do exercise 16 and 17.

Homework
Ask the students to answer exercises 10 to 15.
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Investigating space
Teaching objectives
• to explain the Big Bang theory of the origin of the universe
•  to evaluate evidence that supports scientific theories of the origin of the 

universe
• to describe a star using properties such as colour and brightness
• to identify bodies in space that emit and reflect light
• to suggest safe methods to observe the Sun
• to define the terms star, galaxy, Milky Way, and black hole
• to describe different types of galaxies
• to explain the birth and death of the Sun
• to identify major constellations
• to describe the formation of black holes
• to explain how a telescope works

Key vocabulary
constellation, galaxy, Milky Way, black hole, telescope, cosmogony, meteor, comet, 
protostar, nebula, fusion reaction, super giant, red giant, white dwarf, red dwarf, 
chain reaction, light year, event horizon, elliptical galaxy, ring galaxy

Materials required
•� board
•� chalk/marker
•� poster of constellations and galaxies
•� poster of zodiac
•� coloured pencils



1

12

12

180



1181

•� coloured buttons
•� poster sheet
•� scissors
•� glue
•� pictures (coloured) of spiral galaxies
•� red and yellow fluorescent paints
•� blue paint
•� cottonwool balls

LESSOn 1 1 period
Motivational activity (5 minutes)
Ask the students:
•� What are the major components of the solar system?
•� How old is our Earth?
•� What were the first signs of life on Earth?
•� How do you think the Earth was created?
•� What scientific evidence can you provide to justify your answer?
•� Is the universe expanding?

Developmental activity (10 minutes)
Pages 136 to 137
•� There are several theories about the origin of Earth. Explain that most 

common theories are those related to religion.
•� Discuss what the students know about the Big Bang Theory.
•� Read pages 136 and 137 of the textbook.
•� Encourage the students to use the glossary to understand the text.
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Teacher’s input (10 minutes)
Begin the lesson by explaining cosmogony, cosmic radiation and hydrogen 
helium structure and its role in the origin of the universe.
Explain the most important concept of Big Bang which is expansion. The Big 
Bang is considered to be the moment at which all the matter and energy in the 
universe, that was concentrated in a tiny point, exploded and shot the matter it 
contained across space, and the universe was born.
Explain that the creation of the universe was not an accident: in fact it started 
as a tiny, dense, very hot mass which took billions of years to cool down and 
expand. Discuss the points on page 137 of the textbook that support the theory. 
Discuss the conditions necessary for life. Explain that the Earth finally reached 
a temperature and pressure which could support life.

Group activity (10 minutes)
•� Give one balloon to each student.
•� Ask them to draw dots on the balloon with a marker, leaving little spaces in 

between.
•� Now ask them to blow air into the balloons and note the difference before 

and after blowing up he balloon.
•� Explain that this demonstrates how the universe is getting bigger and bigger 

over time.
•� Explain that astronomers believe that the universe is ever-expanding with the 

stars and galaxies moving farther from each other.

Summing up (5 minutes)
•� Review the theories related to the origin of the Earth.
•� Recap the Big Bang Theory.

Homework
•� Ask the students to answer exercises 1 and 2.
•� Observe the size, shapes and arrangements of the stars at night.
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LESSOn 2 1 period

Motivational activity (5 minutes)
Ask the students:
•� Did you observe the sky last night?
•� What did you see?
•� How many stars were there?
•� Were the stars all the same, or were they different sizes and colours?
•� Did the stars stay in the same place in the sky or did they move?
•� What is a black hole?
•� What information do we get from stars?
•� Do stars and other celestial objects provide information about the processes 

that cause changes in the composition and scale of universe?
•� How many galaxies are there in the universe?

Developmental activity (10 minutes)
Pages 137 to 139
•� Explain that a star is a big ball of extremely hot gases in space, composed 

mostly of hydrogen, a little helium, and some other elements.
•� Relate to their observations of the night sky the fact that stars can be 

classified by their size, colour, temperature, and age.
•� Point out that our Sun is a star.
•� Read pages 137 and 139 of the textbook.
•� Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain the formation of a star by the fusion of hydrogen and helium. Discuss 
the factors on which the life of a star depends. Discuss the age of the stars. 
Describe the terms protostar, nebula, black dwarfs, white dwarfs, red giant, and 
red super giant.
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Define the term light year. Explain that a constellation is a group of stars which 
can be seen in a particular region of the sky at night. Explain that the 
constellations were named after animals and some mythological characters and 
after some scientific instruments.
Explain that the apparent movement of the stars across the sky is due to the 
rotation of the Earth.
Explain how a star dies and what happens next. Define the terms event horizon 
and black holes.

Group activity (10 minutes)
Refer to the students’ observations of the stars and ask them to choose a pattern 
of stars they found interesting. Begin with a discussion of what they observed. 
Ask the students to explain their findings:
•� Were the stars they observed close together?
•� Were all the stars the same size?
•� Did they make a special pattern and what pattern did they imagine?
•� Now give each student a sheet of paper or card.
•� Ask them to draw dots in the places where they remember they saw the stars 

last night (refer to pictures on page 139)
•� Connect the dots to make a shape.
•� Next draw an outline to cut out the shape.
•� Name the shape.

Summing up (5 minutes)
•� Review facts about stars and constellations.
•� Recap what the students know about black holes.
•� Recall the precautions that must be taken when looking at the Sun.

Homework
Ask the students to answer exercises 3 to 11.
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LESSOn 3 1 period
Motivational activity (5 minutes)
Ask the students:
•� What is the Milky Way?
•� Have you ever seen a spiral of stars?
•� Have you looked at stars through a telescope?
•� What is the difference between a planet and a satellite?

Developmental activity (5 minutes)
Pages 140 to 141
•� Explain that the students will learn how lenses gather and focus light, and 

how mirrors bounce light. They will gain a greater understanding of the basic 
working of a telescope.

•� Read pages 140 and 141 of the textbook.
•� Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain what planets, satellites, and galaxies are. Next move on to telescopes. 
Investigate how a telescope works using students’ prior knowledge of lenses and 
mirrors. Explain that a telescope gathers light through either a lens or a mirror 
and creates a magnified image of the object it is focused on.
Give information about the first telescope by Hans Lippershey, an optician who, 
in 1608, aligned two lenses of different curvatures and focal lengths. Galileo later 
improved upon this design using his own lenses to make a simple telescope that 
he demonstrated in 1610 to the Senate in Venice. Galileo is credited with 
discovering four of Jupiter’s moons, crater walls on Earth’s moon, Venus’ phases, 
sunspots, and Saturn’s rings.
Explain how a telescope works by capturing light to produce a detailled image 
to the viewer. Telescopes have two lenses. The first lens is called the objective 
lens and the second lens is called the eyepiece. Telescopes that use only lenses 
are called refracting telescopes, or refractors. Some telescopes use a mirror, 
called the primary mirror, in place of the first lens. These are called reflecting 
telescopes, or reflectors. Most professional telescopes are reflectors.
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Group activity (10 minutes)
•� Show the students the colour pictures of spiral galaxies.
•� Give the students yellow and red fluorescent poster paint and black paper 

and ask them to paint a nucleus-shape in the centre of the paper.
•� Add blue spiral arms swirling out from the centre.
•� Glue small pieces of cottonwool to indicate the gaseous nebulae on the blue 

spiral arms.
•� Add a flag attached to a toothpick to indicate the Sun’s position about two-

thirds of the way from the centre, on the edge of a spiral arm.
•� Explain that this shows our position in the Milky Way galaxy.

Summing up (5 minutes)
•� Recall the formation of the Milky Way, planets, and satellites.
•� Recap the invention and working of a telescope.

Class work (5 minutes)
Ask the students to answer exercises 15 and 16.

Homework
Ask the students to answer exercises 13 and 14.
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Worksheet 1
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Give each student a copy of the water allotment worksheet and ask them to 
complete it.

Activities at home and 
school which require 

water

How many times a day 
do you perform these 

activities?

Approximate amount of 
water required

Answer the following questions.

1. Calculate your average daily water use in litres per day?

2. Which activity required the most water?

3. In which room of the house was the most water used?

4. Which uses of water in your house have not been included?

5. Would you like to have to carry that much water into the house every day?

6. What activities could you change or miss out to conserve water?

7.  Which three activities would be most easy to give up if you had to carry all of 
your water from a well or other source?
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Worksheet 2
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Name  class  date 

name of 
element

number of 
electrons

number 
of protons

number of 
neutrons

Atomic 
number

Mass 
number
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Worksheet 3
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Name  class  date 

Atomic number

Element symbol

Atomic name

Atomic mass

Atomic number

Element symbol

Atomic name

Atomic mass
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Worksheet 4

Name  class  date 

Chemical formula of 
compound name of elements in it number of atoms of 

each in it

Mg(OH)2

Ca3N2

CCl4

Mg3N2

KCl

CaBr2

Al2S3   

Na2O

Cu2O

CO2

P2O5

CaCO3

KClO3

196
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Worksheet 5

Name  class  date 

What happened to the wax when you lit the candle?

What happened to the wick when you lit the candle?

What happened to the wax when it cooled? 

What happened to the wick when it cooled? 

Did the wax return to its original form?

Did the wick return to its original form?

Which one was a reversible change and which one was the irreversible change?
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Worksheet 6

Name  class  date 

Circle the correct answer:
1. What are fossil fuels used for?
 a) lubricating vehicles
 b) cooking oil
 c) manufacturing plastic
 d) fuel for the car

2. Where does petroleum come from?
 a) Ancient dead animals
 b) ancient plankton and sea life
 c) It has always been part of the Earth.
 d) People make it.

3.	 Underground, fossil fuel deposits look like 
 a) a large cave filled with oil
 b) a river of black oil flowing through a tunnel
 c) a layer of black carbon
 d) drops of oil mixed with sand

4.	 Where is oil not found?
 a) under the ocean
 b) under the desert
 c) under ice
 d) under mountains

5.	 How long does it take to produce fossil fuels?
 a) millions of years
 b) thousands of years
 c) hundreds of years
 d) less than 100 years
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6.	 What role does oil play in the following global problems?
 a) water pollution
 b) wars between different countries
 c) air pollution
 d) all of the above

7.	 Which of the following are natural oil products?
 a) diesel
 b) kerosene oil
 c) hi-octane
 d) all of the above
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Worksheet 7
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Name  class  date 

1. What is different about radiation? How is radiation different from the other 
methods of transferring heat?

 

 

2. What are the other two methods of heat transfer?

 

 

3. Which method of heat transfer does not require any contact?

 

 

4. Why are car engines and radiators painted black?

 

 

5. Give examples of radiation from everyday life.
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Worksheet 8
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List at least 20 objects which need electricity to work.
Indicate, by writing the names of the appliances in the correct column(s), how 
the objects use electricity.

light up produce 
sounds move produce heat create 

chemical effect

List the same objects according to the type of electricity they use.

mains electricity batteries

Suggest some ways in which electricity could be saved in school.

Suggest some ways in which energy could be saved at home.

 .
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Unit 1
1. i.  The process of breaking down food into smaller bits is called digestion. 

This process is carried out by a set of organs.
   The digestive system consists of several organs. They lie along a tube 

that begins at the mouth and ends at the anus. These organs are the 
oesophagus, stomach, small intestine, and large intestine.

ii. Check the students’ work.
2. Our body needs energy to work and stay alive. This energy is present in food.
3.  The stomach is a large sac-like organ where hydrochloric acid acts on the 

food. The food is now partly digested and is called chyme. It then leaves the 
stomach and enters the small intestine.

4.  The small intestine is divided into two parts. These are called the duodenum 
and the ileum. As the food passes through these, the walls of the small 
intestine produce digestive enzymes which break up the food particles further. 
Digestive juices act on the food to digest it further. These are bile (produced 
by the liver and stored in the gall bladder) and pancreatic juice (produced 
by the pancreas). By this stage, the food is completely broken down and is 
ready to be used by the body for energy.

  Proteins are broken down into simpler amino acids, fats into simpler fatty 
acids, and complex sugars into simpler sugars. The simpler substances are 
absorbed by the ileum and are carried to the cells of the body in the blood. 
The undigested and unabsorbed food leaves the small intestine and passes 
into the large intestine.

  The large intestine is divided into three parts. These parts are called the 
caecum, colon, and rectum. The colon absorbs the water from the unabsorbed 
food. The dry undigested food is waste material. The waste material is called 
faeces. It is stored temporarily in the rectum and excreted through the anus.

5.  To utilize fully the energy available in the food we eat, we must eat a balanced 
diet. Taking the right quantities of the following compounds can keep our body 
healthy and strong.

  Proteins: Proteins make our bones strong. The body needs proteins to 
produce the enzymes, hormones, and antibodies that perform many useful 
functions. Proteins are found in meat, fish, eggs, and pulses. They are 
digested in the stomach and the small intestine.

Answers
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  Carbohydrates: Carbohydrates are made up of glucose. Glucose releases a 
lot of energy when it is broken down in the cells of the body. Carbohydrates 
are found in bread, rice, and potatoes. Carbohydrates are digested in the 
mouth and the ileum.

  Fats: Fats contain twice the energy found in carbohydrates. They help to keep 
our bodies warm. Fats are found in milk, butter, and oil. Fats are digested in 
the duodenum of the small intestine.

  Vitamins: Vitamins help us to stay healthy. They prevent us from becoming 
ill and help us to recover quickly when we fall sick. They also help the body 
to perform its functions smoothly. Vitamins are found in fruit, vegetables, and 
dairy products. Vitamins are digested in the small intestine.

  Minerals: Minerals are necessary for absorbing oxygen from the lungs into 
the blood. Most of the minerals that our body requires are found in water, 
vegetables, and fruit. Minerals are also absorbed by the small intestine.

6.  The most common diseases of the digestive system are diarrhoea and 
constipation.

 i.  When a person starts passing loose and watery stools more than three 
times a day, he is said to be suffering from diarrhoea. This may occur 
due to:

  •� infection by bacteria, viruses, or parasites
  •� �inability to digest artificial sweeteners and lactose (sugar found in milk)
  •� as a side effect of taking certain medicines.
   Diarrhoea causes a lot of water loss from our body. This is called 

dehydration. In children and older people, it may even result in death.
 ii.  When a person has hard feaces and finds it difficult to expel, he is said 

to be suffering from constipation. It is a very painful condition and needs 
to be treated.

  Constipation is caused due to several reasons:
  •� suppressing the urge to defecate too often
  •� excessive absorption of water by the colon
  •� loss of water due to poor functioning of the muscles of the colon
  •� a low amount of fibre and a high amount of fat in the diet
  •� lack of exercise.

Answers
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7.  The process by which the inhaled oxygen is used by the cells to release 
energy stored within food is called respiration while the taking in of air 
(inhaling) and giving it out (exhaling) is called breathing.

 Respiration is the use of inhaled air while breathing involves taking in air.
8.  The breathing in of air through the nose fulfills an important job. The air in the 

nostrils is filtered, moistened, and warmed before entering the lungs. Nasal 
hairs filter the air; the mucous membrane (nasal lining) moistens it, and the 
network of blood capillaries under the mucous membrane warm the air. All 
this process would be missed if we inhale air through the mouth.

9.
 Gas Inhale (%) Exhale (%)
 nitrogen and inert gases 78.62 74.2
 oxygen 20.85 15.3
 water 0.5 6.5
10. Check the students’ work.
11. i. and ii. Check the students’ work.
12.  The lungs are two, large, spongy, balloon-like structures located on either 

side of the centre of the chest. Each bronchus enters one of the lungs 
and divides like a tree into smaller branches called bronchial tubes. Each 
bronchiole ends in a tiny air chamber called an alveolus. A group of alveoli 
looks like a bunch of grapes. Each lung contains about 300 million alveoli. 
These alveoli are thin, moist, and surrounded by many blood capillaries which 
contain blood.

  The alveoli are important because they help in the exchange of gases. When 
the oxygen enters the alveoli, it passes through the walls of the alveoli and 
blood capillaries. There, it mixes with the blood and is carried to the cells for 
respiration to begin. Similarly, carbon dioxide present in the blood passes 
through the walls of the blood capillaries and the alveoli. There, it mixes with 
the air and is exhaled from the body. 

13. glucose + oxygen  carbon dioxide + water + energy
14. Asthma

Some people are allergic to particles of dust, smoke, or pollen. This means 
that when these particles enter their lungs, they irritate the muscles of the 
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bronchioles. As a result, the bronchioles become narrower, so less air is 
able to enter the lungs and it becomes difficult for people to breathe. This 
condition is called asthma. More and more people are suffering from asthma 
because of pollution in the environment. To overcome this condition, patients 
are given oxygen through oxygen cylinders. They also use inhalers containing 
medicines that prevent dust particles from irritating the bronchioles.

Pneumonia
Sometimes, bacteria and viruses infect the alveoli. This causes tissue fluid to 
accumulate in the alveoli. When the alveoli become filled with fluid, oxygen 
and carbon dioxide cannot pass between the alveoli and the capillaries. This 
condition is called pneumonia. It can be cured by taking antibiotics.

15. i. c ii. b iii. b iv. c v. a vi. c vii. b viii.
 b ix. b x. a xi. a xii. c xiii. a

16. i. false ii. false iii. false iv. false v. true
 vi. false vii. true viii. true ix. true x. false
 xi. false

Unit 2
1. The descriptions of the internal structure of leaf, stem and root are as follows:

 Internal structure of the root
 A root has two layers of cells and a bundle in the centre. The outer circle of 

cells is called the piliferous layer. Root hairs grow from the piliferous layer. 
The cells in the inner circle are called the parenchyma. The parenchyma cells 
have thick walls and large spaces between them. Food is stored in the 
parenchyma cells. The bundle in the centre contains the vascular tissues and 
the pith. The vascular bundles contain xylem and phloem tissue as shown in 
the diagram. The pith is the innermost part. It is absent in some roots.

 Internal structure of the stem
 A stem has several layers of cells and a central bundle. The outermost layer 

of cells is very thin. It is called the epidermis. The epidermis protects the 
stem. The next layers are called the collenchyma, parenchyma, and 
endodermis. These layers give strength to the stem and store food. The 
central bundle contains the vascular bundles, cambium, and pith.
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 Internal structure of the leaf
 A leaf has several layers of cells and a central bundle. The outermost layer of 

cells is called the epidermis. The lower side of the leaf has tiny pores called 
stomata at regular intervals. Each stomata is guarded by two cells on either 
side. Between the upper and lower epidermis are spongy mesophyll cells which 
contain chloroplast. Chloroplast contains the green pigment called chlorophyll. 
It is needed to prepare food during photosynthesis. The midrib of the leaf 
contains one large vascular bundle covered by a bundle sheath. The vascular 
bundle consists of xylem vessels towards the upper epidermis and phloem 
vessels towards the lower epidermis. The veins of the leaf also contain smaller 
vascular bundles.

2. Roots absorb water and minerals from the soil. A root has tiny, thread-like 
structures on its body called root hairs. These increase the surface area of the 
root which helps the plant to absorb a greater quantity of water and minerals.

3. Check the students’ work.
4. The loss of water through the leaves of plants is transpiration.
 Experiment: Take a leafy stem. Grease the stem so that no water evaporates 

from it. Immerse this stem in a beaker filled with water. Add a drop of oil to 
the water so that no water evaporates from the beaker. Cover it with an 
inverted jar and place this apparatus in an open space for one hour. After 
one hour, examine the inner surface of the inverted jar. You will notice 
droplets of water on the surface of the jar. This proves that water evaporates 
through leaves.

5. The flow of food (sucrose, sugar, hormones, amino-acids) from the leaf to 
the rest of the plant through phloem vessels is called translocation.

6. Check the students’ work.
7. The circulatory system can be defined as an organ system that transports 

nutrients (such as amino acids and electrolytes), gases, hormones, and 
waste products to and from the cells. Instead of water, the medium used to 
transport these materials in humans is blood.

8. The heart is divided into four chambers: two atria and two ventricles.

 Atria

 The two upper chambers of the heart are called atria. A wall of muscle called 
the interatrial septum separates the right and left atria. The right atrium is 
larger and has thinner walls than the left one. An opening connects the right 
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atria to the right ventricle. This opening is guarded by a valve called the 
tricuspid valve.

 Ventricles
 The two lower chambers of the heart are called ventricles. A wall of muscle 

called the interventricular septum separates the right and left ventricles. The 
left ventricle is the largest and the strongest of all the four chambers of the 
heart. Its walls are half an inch thick. It possesses great strength to pump 
blood to all the parts of the body.

9. Bicuspid valve
  The bicuspid valve prevents the flow of blood from the left ventricle back to 

the left atrium.

 The tricuspid valve
  The tricuspid valve allows blood to flow from the right atrium to the right 

ventricle, but prevents it from flowing back to the right atrium.

 Pulmonary valve
  The right ventricle is separated from the pulmonary artery by a pulmonary 

valve. This valve prevents the flow of blood from the right ventricle to the 
left pulmonary artery.

 Aortic valve
  The left ventricle is separated from the aorta by the aortic valve which 

controls the flow of blood from the ventricle to the rest of the body.

10. The human circulatory system has two types of blood vessels called arteries 
and veins. Arteries carry blood away from the heart to different parts of the 
body, while veins collect blood from the different parts of the body and bring 
it to the heart. As they run throughout the human body, arteries and veins 
divide into thinner and thinner branches. The smallest and thinnest of these 
branches are called capillaries. The capillaries of the arteries are connected 
to the capillaries of the veins.

11. Blood is the medium that transports substances throughout the human body. 
Blood consists of plasma, red blood cells, white blood cells, and platelets. 
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Plasma is the pale yellow liquid component of blood. It comprises 55% of 
the structure of blood. The other components red blood cells, white blood 
cells, and platelets, float in the liquid plasma. Red blood cells carry oxygen, 
white blood cells protect the body against diseases, and platelets help to 
clot blood. Minerals and vitamins also float in the blood.

12. Hypertension
  Hypertension is commonly known as high blood pressure. The average 

blood pressure of an adult is 120 / 80 mm Hg. If the pressure exceeds 
this average, a person is said to be hypertensive.

 Heart malfunction
  If the valves or arteries of heart become blocked or narrowed, they 

cannot function properly. This blockage of arteries is due to the hardening 
of their walls. It is called malfunctioning of the heart.

 Diabetes
  When the level of glucose in the blood constantly remains higher than the 

normal level, the condition is known as diabetes.

 Causes
  The main cause of hypertension, heart diseases, and diabetes is an 

unbalanced diet. Eating a lot of oily and fatty food can block the arteries. 
Having too much sugar in the diet can worsen diabetes. Some other 
habits include smoking, excessive sodium in the diet, cholesterol, obesity, 
and stress.

13. Organ transplant is the moving of an organ from one body to another to 
replace a damaged organ. Doctors can successfully transplant the heart, 
liver, kidney, pancreas, and bone marrow from one body to another.

14. Check the students’ work.
15. Check the students’ work.

16. Check the students’ work.
17.
 i. b ii. a iii. c iv. c v. a vi. b vii. b viii a
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18.
 i. true ii. true iii. false iv. false
 v. true vi. false vii. false viii. true

Unit 3
1. The process by which living organisms produce new organisms is called 

reproduction. Plants can reproduce sexually and asexually.
 Asexual reproduction: The process of reproduction that involves only one 

parent is called asexual reproduction. It can be natural or artificial.

a. natural asexual reproduction
 Natural asexual reproduction involves one parent plant, and no help or control 

from humans is needed: it takes place on its own. It is also called vegetative 
reproduction. The roots, stems, and leaves are modified to function as 
reproductive organs.

b.	 Artificial	asexual	reproduction
 Artificial asexual reproduction involves one parent plant and is controlled by 

humans. The plants can be produced artificially by cutting, marcotting, 
budding, and grafting.

 Sexual Reproduction
 The process of reproduction that involves two parents is called sexual 

reproduction. It involves the fusion of male and female gametes.
2. A rose plant can be reproduced by a method of artificial asexual reproduction 

called cutting. To do this, cut the stem of a rose plant obliquely. Remove the 
leaves from the stem to reduce water loss. Plant the stem in rich soil. Keep 
the pot in a shaded area for a few days so that the stem does not wither. 
Observe the plant daily. After a few days, you will see leaves beginning to 
grow from the nodes, and roots growing into the soil.

3. Marcotting is a technique in which two rings, 2.5 cm apart, are marked on 
the bark of a tree. The bark is then removed. Because the bark contains 
phloem cells that carry food from the leaves to the rest of the tree, removing 
the bark stops the transport of nutrients below where the first ring was 
marked. This results in the accumulation of food above the first ring. The 
stem without the bark is covered with damp earth, which is then covered with 
husk. The earth is watered regularly. This ensures that the flow of water 
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through the xylem continues. After a few days, roots are produced at the first 
ring where food has accumulated. When the roots appear, the stem is planted 
in soil, giving rise to a new plant. ?? Is this original material, copied from the 
textbook, or copied from another source?

4. Budding/Grafting
 Similarities:

•� Produces plants of several varieties or a different variety.
•� Produces plants with different colours or appearance.
•� �The parts which are joined are waxed together so that they fuse with each 

other.
•� �They are joined in such a way that the cabium of each plant fuses with 

that of the other.
•� �The new shoot or branch producing roots and the shoot is then planted, 

producing a new plant.
 Differences:
•	 	Budding—a bud from one plant is taken and grafted onto another plant 

that has a strong root system
 Grafting—a branch from one tree is grafted onto another tree
•	 	Budding—a T-shaped slit is made in the stem of the plant into which the 

bud is grafted
  Grafting—the branch of the tree is obliquely cut and grafted onto another 

tree which is also obliquely cut at the stem
•	 Budding—the bud that is grafted produces a new shoot
 Grafting—the grafted branch starts producing roots and shoots
•	 Budding—the stem is removed from above the bud and planted
 Grafting—the branch is planted, producing a new plant
•	 Budding—fruit trees are often artificially produced by budding
  Grafting—grafting is done between plants belonging to the same family 

but of different species
5. Plants can be propagated by natural vegetative reproduction from roots, 

stems, and leaves.
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	 Modifications	of	root
  Some taproots modified for storing food produce new shoots that become 

new plants, e.g. carrot, radish, and beetroot.

Modifications	of	stem
In some plants, the stem becomes modified in such a way that it produces 
new plants in addition to performing the functions of the stem. These stems 
grow under the soil and are called underground stems. The following are 
modifications of stems:

Rhizome
Rhizomes produce buds, scaly leaves, and adventitious roots. The buds 
produce new plants by producing new roots and shoot, e.g. ginger.

Bulb
A bulb is a short stem that produces adventitious roots and fleshy, scaly, 
overlapping leaves. The bulb propagates by growing new roots and shoots 
from buds, e.g. onion.

Tuber
Tubers have spots on them called eyes. These eyes are lateral buds and 
reproduce by growing new roots and shoots, e.g. potato.

Corm
A corm is similar to a bulb. The difference is that the leaves on the stem of 
the corm do not grow tall. They remain near the surface of the corm, e.g. 
water chestnut.

Modification	of	leaf
Some plants have leaves that can grow adventitious roots when dropped on 
damp soil, e.g. byrophylum

6. Pollination
The transfer of pollen grains from the stamens of one flower to the stigma of 
the same or another flower of the same species is called pollination. There 
are two types of pollination, self-pollination and cross-pollination.
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Self pollination
When the pollen grain of one flower is transferred from the stamen of the 
flower to the stigma of the same flower, self-pollination takes place.

 Cross pollination
  When the pollen grain of one flower is transferred from the stamen to the 

stigma of another flower of the same species, cross pollination takes place.
7. The structure of pollen grains differs from one flower to the other. It may be a 

tiny grain-like structure. It can be light and feathery. It can be sticky and hairy.
8. The flower consists of two distinct parts, i.e. the vegetative part and the 

reproductive part.

 Vegetative part
 The calyx (sepals) and corolla (petals) form the vegetative part. The calyx is 

the outermost whorl of the flower and has small, green leaf-like structures 
called sepals. The corolla is the whorl next to the calyx. It is usually the 
coloured part called the petals.

 Reproductive part
 The androecium (stamens) and gynoecium (pistil) are the reproductive parts 

producing male and female gametes. Stamens are thin, erect structures. A 
stamen consists of a stalk called an anther. At the top of the anther is a pollen 
sac. The pollen sac contains pollen grains. Pollen grains are the male 
gametes. They are minute, grain-like structures and are usually yellow. The 
pistil consists of three parts: a stigma, a style and an ovary. The stalk is called 
the style. At the top of the style is a flat structure called the stigma. The 
stigma is sticky. The base of the pistil is called the ovary and is large and 
round. It contains several female gametes. The female gametes are called 
ovules.

9. Pollinators are the agents that carry pollen grains from one flower to another. 
The plant whose pollen grains are carried by the pollinator is called the 
pollinizer.

10. Wind
 Pollen grains transported by the wind are light and feathery so they are easily 

carried away. They are produced in very large numbers because many of 
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them fail to reach another flower and can be dropped anywhere depending 
upon the wind. Grasses, conifers, and other deciduous trees are pollinated 
by the wind.

 Water
 Aquatic plants use water as their pollinator. Aquatic plants release pollen 

grains directly into the surrounding water. The pollen grains are carried by 
the water to the stigma of another flower of the same kind. Examples are 
weeds growing in ponds and lakes.

11. Biotic pollination
 Pollination carried out by living pollinators is called biotic pollination.

 Insects
 The flowers of plants pollinated by insects are usually brightly-coloured and 

give off a strong, sweet scent to attract insects. They produce nectar, which 
is sucked by bees and butterflies. When these insects suck the nectar, pollen 
grains become trapped on the hairs on their bodies. When these insects land 
on another flower the pollen grains drop from their bodies and land on the 
sticky stigma of the flower. Examples of insect pollinators are wasps, ants, 
beetles, and butterflies.

 Birds
 Birds feed on nectar and help to pollinate flowers in the same way as insects. 

Bird-pollinated flowers are usually red. They are odourless because most 
birds do not have a sense of smell, Examples of bird pollinators are 
hummingbirds, sunbirds, and honeyeaters.

 Mammals
 Flowers pollinated by bats are white and give off a very strong scent to attract 

bats.
12. Bats: flowers are white with a strong scent.
 Birds: flowers are usually red, odourless and produce nectar.
 Honey bee: brightly-coloured, scented, and produce nectar.
13. When a pollen grain is deposited on the stigma of a flower, it starts to produce 

a tube-like structure. This tube grows downwards into the style to the ovary. 
As it grows downwards, the male gamete in the pollen grain begins to travel 
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downwards inside the tube. At the base of the ovary wall there is an opening 
known as the micropyle. The pollen tube finds its way into the micropyle and 
enters the ovary. The ovary contains female gametes called ovules. The male 
gamete in the pollen tube fuses with the ovule. This is called fertilization.

14. After fertilization has taken place and the pollen grains of the fertilized flower 
have been released, the stamens die. The stigma, style, and petals also 
wither away. The ovary remains and starts swelling. This is the beginning of 
the fruit. The ovary has three layers, which give rise to the three layers of 
the fruit. The outermost layer gives rise to the exocarp, the middle layer forms 
the mesocarp, and the innermost layer forms the endocarp. The exocarp 
develops into the skin and the mesocarp develops into the flesh. The ovules 
turn into seeds.

15. Check the students’ work.
16. Check the students’ work.
17. Check the students’ work.
18. Check the students’ work.
19. pollination, fertilization, release of pollen, seed formation, growth of pollen 

tube, growth of seed, germination
20.
 i. c ii. a iii. b iv. b v. a vi. a vii. c
 viii. a ix. b x. c

21.
 i. false ii. true iii. false iv. true v. true
 vi. false vii. true viii. true ix. true x. true

Unit 4
1. Everything around us is the environment. It includes both living things and 

non-living things. The Earth’s environment also consists of living and non-
living elements.

2. The living elements in an environment are called biotic components, and the 
non-living elements are called abiotic components. The biotic components 
include micro-organisms, plants, insects, fish, birds, animals, and human 
beings. The abiotic components include rocks, soil, chemicals, minerals, 
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water, and other man-made objects. An environment together with its biotic 
and abiotic components is called an ecosystem.

3i. The natural environment where an organism lives and grows is called its 
habitat. A habitat must fulfill the needs of its inhabitants by providing adequate 
food, water, air, and an appropriate temperature; for example, desert, tropical 
forest, and Polar regions.

ii. The habitats inhabited by several communities of organisms are called 
complex habitats. In complex habitats different kinds of organisms can be 
found living together. For example, jellyfish, oysters, sharks, and sponges 
live in the sea. The sea provides an environment where all these different 
organisms can find food, shelter, and suitable temperatures

iii. Some habitats may be inhabited by only one community. These habitats are 
called simple habitats. A bee hive, for example, is only inhabited by bees. 
Similarly, only ants live and work in an ant colony.

4i. Several factors can cause changes in a particular habitat. These factors are 
called drivers. The drivers may cause changes directly or indirectly. The 
factors responsible for a direct change are called direct drivers. The factors 
which cause change indirectly are called indirect drivers. The short-term 
effects of drivers disappear after a short period of time. Drivers can also have 
long-term effects. These effects stay for a longer time and affect the 
organisms living in the habitat.

ii.

Direct drivers Indirect drivers
Hunting Global warming
Mining Trade
Fishing Agriculture
Diseases Industrialization
Deforestation Use of fertilizers

5i.  Human activity, such as the production and use of heavy machines, vehicles, 
and home appliances, contributes to air, water, and land pollution. This 
pollution either kills the living organisms in a habitat or forces them to migrate 
to another habitat.
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 Hunting animals for pleasure and trade reduces their population in a habitat. 
Similarly, mining destroys the plant life of a habitat. Overgrazing occurs when 
increased cattle populations start grazing on forest land. Various plant and 
animal diseases also affect populations in a habitat.

ii.  Living organisms adapt to changes in their habitat by migrating, hibernating, 
or camouflaging themselves. They leave their original habitat and settle in a 
place where they can endure the temperature, amount of light, and rainfall 
without risking their survival. Animals that cannot endure very low 
temperatures hibernate during the winter. They store enough energy during 
the summer to keep them alive during their long sleep in winter. Bears 
hibernate for months. Sometimes, animals have to adapt to changes that 
take place daily. One way is by camouflaging themselves. Some animals can 
change the colour of their skin to blend in with their surroundings.

6.  All living things are a part of this energy cycle. According to their role in the 
energy cycle, they are called producers, consumers, and decomposers.

 Plants are called primary producers because they use energy from the Sun 
to make food. Herbivores like cows and goats are primary consumers 
because they eat these plants for food and obtain the energy stored in them. 
Carnivores (flesh-eating animals) are secondary consumers as they eat 
herbivores. This simple chain is called a food chain. Waste and dead tissue 
is consumed by decomposers like bacteria, and scavengers such as vultures; 
these form the last link of the food chain.

7. Producers:

Plants are producers. They use energy from the Sun to make food through 
the process of photosynthesis.

Consumers:

Herbivorous animals, like cows and goats, are primary consumers because 
they eat plants and obtain the energy stored in them. Carnivores (flesh-eating 
animals) are secondary consumers as they eat herbivores.

Decomposers
Waste and dead tissue from living organisms is consumed by decomposers 
like bacteria, and scavengers such as vultures.
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8. Check the students’ work
9i.  Every living organism depends on more than one other type of living organism 

to survive. Omnivores depend on producers (plants) as well as primary 
consumers (animals) to survive. This creates a food web. Herbivores depend 
on plants. Carnivores depend on other animals. All these living organisms 
interact with each other in more than one way, which creates a web called 
the food web.

 ii. Check the students’ work.

10.
 i. earth, pond ii. biotic, abiotic
 iii. living things, non-living things. iv. desert
 v. only one species vi. birds, insects vii. homeless
 viii. hot, humid ix. direct x. melting of ice

11.
 i. true ii. true iii. true iv. false v. true
 vi. true vii. true viii. false ix. false x. true

Unit 5
1. The Earth is three-quarters water and one-quarter land. Of the water, 97% 

is sea water; fresh water makes up only 3% of the total water on Earth. Of 
that 3%, over two-thirds is locked in glaciers and snow. Only 1% of all the 
Earth’s water is available for our use.

2. The sources of water are:
 •� wells: describe briefly as in text
 •� springs as above
 •� rivers as above
 •� rainfall
 •� seas
3.  Sea water is hard or salt water. It contains salts and does not produce lather 

with soap. Fresh water is soft and is used for all domestic uses and for 
drinking, irrigation, and other industrial purposes.
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4.  Sea water contains a high concentration of salts in the form of bicarbonates. 
Fresh water contains impurities in the form of suspended particles, dissolved 
organic and inorganic compounds, dissolved gases, and micro-organisms. 
Bicarbonates of calcium (Ca) and magnesium (Mg) dissolved in water cause 
temporary hardness. Dissolved sulphates and chlorides of calcium and 
magnesium cause permanent hardness in water. Debris, silt, and colloids of 
organic and inorganic origin cause turbidity.

5.  We must make sure that water is clean before we drink it. Most harmful 
bacteria can be killed by boiling water for 20 minutes. However, suspended 
particles are not removed by boiling; they must be filtered out before the 
water is safe for drinking.

6.  As well as for drinking, water is purified for industrial, chemical, and medical 
purposes in the following ways:

	 •� distillation
	 •� flocculation
	 •� filtration
	 •� reverse osmosis
	 •� chlorination
	 •� desalination
7. Filtration is the process by which solid particles present in a liquid are 

prevented from passing through a certain medium that allows molecules of 
the liquid to pass through. The efficiency of filtration depends upon the 
medium used to filter the liquid. Small filter plants are commonly used in 
homes to produce clean water.

8. Distillation is the process by which water is boiled and the water vapour is 
collected in a cooling chamber where it condenses to form a liquid. The 
condensed water vapour is 99.9% pure water. Some impurities are still 
present; these are impurities that vapourize at 100º C or below. Impurities 
are also transferred in the form of water droplets that are carried away with 
the water vapour.

9. Flocculation is a process used to remove turbidity from water to make it clear. 
Turbid water is contaminated. This contamination can be removed by 
flocculation. In this process, hydroxides of iron and ammonium are added to 
pre-treated water. This causes the dissolved impurities to solidify and form 
precipitates. The water is stirred as larger precipitates are formed. These 
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precipitates settle at the bottom of the reservoir. The clear water is then 
filtered through regular filters and is ready for use.

10. Reverse osmosis is used to purify water on a large scale. In this process, 
water is forced through a semi-permeable membrane by applying mechanical 
pressure. The membrane does not allow impurities to pass through. This 
filters out the micro-organisms to obtain pure water. Bottled drinking water is 
purified by reverse osmosis.

11. Electricity produced using the force of flowing water is called hydro-electricity. 
It is produced by collecting water in large reservoirs called dams. The water 
is then allowed to fall from a high altitude through pipes or tunnels called 
penstocks. The water lands with force on turbines. The blades of the turbines 
rotate due to this force. These turbines drive the generators and the 
mechanical energy of the turbines is converted into electrical energy.

 Hydroelectricity generation is an eco-friendly process. It is cheap and does 
not require fossil fuels for power generation. The disadvantage is that it 
disturbs the natural life and soil of the area where the dam is built.

12. Hydro-electricity generators have been built at the Ghazi Barotha dam, the 
Mangla dam, and the Tarbela dam. The Ghazi Barotha power station 
produces 1450 MW (megawatts) of electricity per hour/day The Mangla dam 
is the twelfth largest dam in the world and produces 1000 MW of electricity. 
The Tarbela dam is the world’s largest earth-filled dam and has the capacity 
to produce 3478 MW of electricity.

13. Heavy mechanical complexes are designed to manufacture equipment for 
sugar mills, cement factories, arms and ammunition facilities, milling 
machines, and other heavy machinery.

14. In a cooling tower, the water is circulated in the moulds from where heat is 
transferred to the water and the water becomes hot. This hot water then goes 
to the cooling tower. Fans in the cooling tower produce a current of air. The 
hot water is sprayed so that the air passing through it cools it. This water 
returns to the cooling circuit and the cycle continues.

15.
 i. Sea ii. 3% iii. 2% iv. 757 litres
 v shortage vi. population vii Salts cause hardness in water.
 viii calcium and magnesium.
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 ix calcium carbonate and magnesium carbonate
 x turbidity xi toxic waste xii. 20 xiii water

16.
 i false ii false iii. true iv. true
 v true vi false vii. true viii false
 ix false x false xi. true xii true

Unit 6
1. Atoms are the smallest particles of matter which cannot be split further. They 

consist of three basic parts which are the electron, proton, and neutron. There 
is a nucleus in the centre of every atom. The nucleus contains protons and 
neutrons, and also much tinier parts called quarks. The nucleus is surrounded 
by a cloud of particles. The cloud around the nucleus is a very fast-moving 
part of an atom. The moving particles are called electrons and are constantly 
in motion.

2. An element’s atomic number is the number of protons in one atom of the 
element. It is represented by the symbol Z.

 The mass number of an atom is the sum of the number of protons and 
neutrons in the nucleus of the atom. It is represented by the symbol A.

3. Scientists have identified 110 elements and have arranged them in a table 
according to the order of their atomic and mass numbers. This table is called 
the periodic table.

4. This electron distribution in different shells of an atom, which is K, L, M and 
N, is called its electronic configuration.

5. Check the students’ work (follow the table on page 66)
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6.

element Symbol No. of 
electrons K L M N

silicon Si 14 2 8 4

boron B 5 2 3

hydrogen H 1 1

phosphorus P 15 2 8 5

nitrogen N 7 2 5

fluorine F 9 2 7

magnesium Mg 12 2 8 2

7. Check the students’ work.
8. Valency can also be defined as the number of hydrogen atoms with which 

an element can combine.

Element Symbol valency

hydrogen H +1

lithium Li +1

helium He 0

boron B +3

beryllium Be +2

nitrogen N +3

oxygen O -2

carbon C + 4

fluorine F -1

9. An ion can be defined as an atom with a positive or negative charge. An ion 
with a positive charge is called a cation, and an ion with a negative charge 
is called an anion.
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10. An element that is found with varying numbers of neutrons is said to be an 
isotope of that element.

 Hydrogen has no neutrons; the isotope with one neutron is deuterium, and 
the isotope with two neutrons is tritium. The isotopes of hydrogen are 
represented symbolically as

 hydrogen deuterium tritium
 1

1H 2
1H 3

1H
11. Elements which are highly reactive are called unstable elements. The outermost 

shell of such elements is incomplete; it tends either to lose or gain electrons.
 A stable element is uncreative. Its outermost shell is complete: it does not 

want to lose or gain electrons. This means that these elements will only react 
under particular conducive conditions. Thus for reactions with such elements 
the conditions shall be highly conducive.

12. The use of isotopes in agriculture has proved to be beneficial. It increases 
the crops’ water use efficiency and nitrogen fixation ability. Fertile soil and 
maximum utilization of water has increased yields per hectare with limited 
amounts of water and minerals.

13. A chemical formula is a molecular formula which gives information about the 
atoms that make up a compound. It identifies each element by its symbol 
and indicates the number of atoms of the element in the compound.

14. The law of constant composition states that: Elements combine in a fixed 
proportion regardless of how and where compounds are made. The ratios 
in which they combine are always the same.

15.
 i. c ii. b iii. c iv. a v. b vi. a
 vii. a viii. a ix. a x. a

16.
 i. true ii. true iii. true iv. true v. false
 vi. false vii. true viii. false ix. false x. true
17.
 i. Si ii. CaCO3 iii. electromagnetic force iv. motion
 v. atomic number vi. mass number
 vii. shell number viii. 8 ix. inert gas x. light
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Unit 7
I.i.  A physical change is a change in the state of matter; nothing new is produced. 

Melting, freezing, vapourization, condensation, and sublimation are physical 
changes e.g. melting of ice, freezing of water, and boiling of water.

 ii.  A chemical change is a change that produces something new. A chemical 
change occurs at a very basic level by changing the molecules of matter. 
In this way, a new substance is formed. Rusting, combustion, and rotting 
are chemical changes.

 iii.

Physical change Chemical change

1. A physical change is reversible, 
for example, melting of ice.

A chemical change is irreversible, for 
example, burning of wood.

2. No new substance is formed. A new substance is formed. 

3. No change in mass occurs. The new product has a different mass.

2.  Hydrocarbons are organic compounds and are made of only two elements: 
carbon and hydrogen. Carbon and hydrogen combine in different ratios to 
make several different organic compounds.

3.  Naturally-occurring oil, gas, and coal are called fossil fuels. The fossils of 
animals and plants buried under the ground undergo several changes. Over 
a period of millions of years, they turn into oil, gas, or coal.

4.  Methane is the simplest hydrocarbon. It is made of a single carbon atom to 
which four hydrogen atoms are attached. Its chemical formula is CH4. It is 
also called natural gas and is used to fuel cooking stoves, and CNG, 
(compressed natural gas) is used to run vehicles.

5. i  There are three main fossil fuels. They are oil, gas, and coal.
 ii  The burning of fossil fuels produces greenhouse gases. These gases 

cause the temperature of the Earth to rise, resulting in global warming.
6.  Alternative energy sources to fossil fuels are renewable energy sources such 

as solar, wind power, and nuclear energy. These renewable sources produce 
no emissions and are environment friendly. However, the operation of nuclear 
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plants needs to be carefully monitored as any leaks would mean an 
environmental disaster for a vast area, and its effects would be felt for years.

7.  The growing demand for food has forced farmers to use fertilizers to speed up 
plant growth and to increase yields. Three major nutrients are required for 
plants to grow well. They are nitrogen (N), phosphorus (P), and potassium (K).

8.
ammonia  phosphorus potassium

Physical 
properties

Ammonia is a 
colourless, liquefied gas 
with a pungent odour.

It is in granular 
form.

Potassium is a 
soft, white, silvery 

metal.
It is non-flammable and 
ignites at a temperature 

of 651oC.

It conducts 
electricity. It boils at 771oC.

Chemical 
properties

It corrodes galvanized 
metals, cast urea, 
copper, and brass. 

It reacts readily 
with oxygen.

It reacts readily 
with oxygen.

It kills microbes. Its highly 
poisonous.

It readily catches 
fire, burns, and 

explodes.

9. Water
Fertilizers dissolve in ground water and are carried to nearby coastal areas 
where they deplete the level of dissolved oxygen. This results in the death 
of marine life. The affected part of the sea is said to be eutrophic and the 
water turns green, yellow, brown, or red. If a person comes into contact with 
such water, he or she may go into a coma, which may result in death. This 
is a form of Blue Baby Syndrome.

Soil
The improper use of fertilizers increases the toxicity of soil. This makes the 
soil acidic and burns the crops. Fertilizers also contain metals. These metals 
are absorbed by the plant roots and stored in their tissues. If humans eat 
these plants regularly, they may develop several diseases, including cancer.
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Atmosphere
The use of nitrogen fertilizer adds nitrous oxide (N2O) to the air. Nitrous oxide 
is the third most important greenhouse gas. It causes 296 times more global 
warming than carbon dioxide.

Pest growth
The birth rate of crop pests increases due to excessive use of nitrogen 
fertilizers. Their life spans increase and they develop resistance to pesticides.

10.  Vegetable oil is extracted from olives, corn, soybeans, sunflower seeds, and 
mustard seeds.

11. i.  When hydrogen molecules are introduced into vegetable oil under high 
temperature and pressure, it reduces the double bonds of the vegetable 
oil. This reduction of double bonds makes oil slightly solid. The 
unsaturated fats of the vegetable oil turn into saturated fats as a result 
of hydrogenation.

 ii.  Hydrogenated vegetable oil is used in frying food, baked products, potato 
crisps, dressings, and shortenings.

12.  Additives are introduced under high temperatures to improve the strength and 
stability of plastic; many items are then made in different colours and designs.

13.

Biodegradable waste non-biodegradable waste
Biodegradable wastes decompose 
into the soil.

Non-biodegradable wastes do not 
decompose into the soil or they may 
take a very long time to do so.

Biodegradable waste is recycled 
naturally.

Non-biodegradable wastes have to 
be recycled which is a tedious and 
expensive process.

Examples: food leftovers, garden 
waste, paper products, human and 
animal waste, wood products, dead 
animals and plants

Examples: plastic products, toxic 
chemicals, tin cans

14.  Plastic adds greatly to the amount of waste produced by humans. Since 
plastic is durable, it does not decay or decompose. When plastic is burnt, 
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it releases toxic fumes that deplete the ozone layer. Even the manufacture 
of plastic goods produces several pollutants. Recycling plastic is a difficult 
and expensive task.

15. i. ductile, ii. powdery iii. molecular iv. pressure
 v. NaCl + H2O vi. plasma. vii. black ash.
 viii. hydrocarbons ix. wells
16. i. false ii. false iii. false iv. false
 v. true vi. true vii. true viii. true
 ix. true x. true xi. true

Unit 8
1. Heat is a form of kinetic energy. It can be transferred from one object to 

another. Heat flows from a hot material to a colder material. There are two 
conditions necessary for the transference of heat:

 •� difference in the temperatures of the two objects
 •� direction of the heat transference towards the object of lower temperature
2. i.  Conduction: The transmission of heat from molecule to molecule is known 

as conduction.
 ii.  Convection: The transfer of heat energy by means of currents in liquids 

and gases is known as convection.
 iii.  Radiation: The transfer of heat which does not require any medium is 

called radiation.
3.  A material which allows the transfer of heat is called a conductor. A material 

which does not allow the transfer of heat is called an insulator.
Take an iron, a copper, and a glass rod, and a wooden stick. Place them 
above the flame for 1 minute each. The copper will become hottest, the iron 
will be hot, and the glass and wood will not become hot. This shows that iron 
and copper are good conductors of heat and glass and wood are bad 
conductors of heat.

4. Metals are good conductors of heat because their molecules are closely 
packed and collide with each other when heat is applied to them. Although 
all solids have closely-packed molecules, not all of them allow heat to pass 
through them, for example, wood and glass. This is because the molecules 
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of metals have free electrons which carry energy instantly. Insulators, on the 
other hand, do not have these free electrons.

5. Water and air are poor conductors of heat because their molecules are far 
from each other. Even if they vibrate, they have less chance to collide with 
each other.

6. Birds have feathers and animals have fur. The fur on the bodies of some 
animals and the feathers on birds’ bodies are perfect insulators and keep them 
warm in winter.

7. Wool has air pockets in it and, when worn, keeps us warm.
8.

Conductor Insulator
iron wool
mercury paper
brass fibreglass
impure water pure water
concrete oil 

rubber

9. The geysers in our homes use convection to provide us with warm water. 
The flame heats the boiler (geyser) producing a convection current in the 
water, which then flows through the pipes to the point where it is needed.

10. The Sun produces convection currents in winds. During the day the land 
breeze is warmer than that over the sea, so it rises and the cool sea breeze 
takes its place. At night the land breeze cools more quickly than the sea 
breeze, so the direction of the convection current changes.

11. Chimneys and ventilators in our houses keep the hot air moving out by of 
convection.

12.
 i.  Security systems are designed to let infrared radiation pass through the 

area to be secured, and any movement within that field is recorded by a 
camera.

 ii.  Sunscreens are placed inside the windscreens of cars to reflect the heat 
rays from the Sun.
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 iii.  Barbecued food is usually wrapped in aluminum foil so the heat remains 
trapped in it.

 iv.  Solar powered boilers are used which collect heat energy through 
radiation.

 v. Doctors also use infra-red radiation to take thermographs.
13. The black and dark-coloured surfaces absorb infra-red rays. Light-coloured 

or shiny surfaces reflect the radiation.
14. The glass bottle of a vacuum flask has a double wall of glass with a small 

space between the walls. A vacuum is created by extracting the air from the 
space. This vacuum prevents the processes of conduction and convection.

 The inner surface of the outer glass and the outer surface of the inner glass 
are painted silver. These shiny surfaces prevent heat leaving the bottle by 
radiation.

 In the absence of all three heat transfer processes, the temperature of the 
liquid remains constant.

15.
 i. kinetic ii. hot, cold iii. convected iv. conducted
 v. radiated vi. vibration vii. trapped viii. vibrating.
 ix. convection currents x. white

16.
 i. true ii. true iii. false iv. false
 v. false vi. true vii. true viii. true
 ix. false x. true xi. false

Unit 9
1. Refraction is the bending of light as it passes from one medium to another, 

e.g. the sparkle of gem stones, and a rainbow.
2. Snell’s Law states, ‘The ratio of the sine of the angle of incidence to the sine 

of the angle of refraction is a constant which is equal to the refractive index 
of the second medium with respect to the first medium.’

 There have to be two media of different densities for a ray of light to be refracted.
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3. Experiment
 a. Place a rectangular slab of glass on a sheet of paper on a drawing board.
 b. Insert two pins at points A and B on the longer side of the board so that 

they coincide with each other and their images fall obliquely upon the 
boundary of the glass slab.

 c. On the other side of the slab insert two pins coinciding with the images 
of the pins at A and B. Mark these pins C and D.

 d. Remove the pins and slab. Mark the position of each pin.
 e. Join points A and B, and C and D. Draw a line to join B and C. Line AB 

is the incident ray and line CD is the refractive ray.
 f. Measure the angles of the two rays by drawing a normal. You will find 

that angle r is smaller than angle i. If a ray falls upon a denser medium 
perpendicularly it will not bend but pass straight through it.

4. The refractive index of a substance is the ratio of the speed of light in air to 
the speed of light in the medium it enters. The greater the refractive index 
of a substance, the smaller its angle ‘r’, which means it bends more.

5. Swimming pools look shallower than they are because the light rays refract 
away from the normal on leaving the water, and on coming into contact with 
our eyes give the appearance of a shallower depth.

6. Refractive index = real depth/apparent depth. The refractive index of water 
can be calculated by measuring the two depths.

 The refractive index of water is 1.33, which means the real depth is 1.33 % 
greater than it looks. If you measure the real depth of water in a container 
and then put something in it and measure its apparent depth, the refractive 
index of water can be calculated using the above formula.

7. When a ray of light travelling from a less dense to a denser medium is 
reflected inside after striking its boundary, the phenomenon is said to be total 
internal reflection. Some examples are:

 •� sparkle of diamonds
 •� mirages
 •� illusions
 b. The applications of total internal reflection are:
 •� Rain sensors detect rain and control automatic windscreen wipers.
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 •�  Optical fibres are used in telecommunication lines (telephone lines) and 
medical diagnosis instruments (gastro-endoscopes) to obtain images.

 •�  Prismatic binoculars are used to obtain a very clear image of a distant 
object.

 •�  It is also used to calculate the angle between the cornea and iris to correct 
eye defects.

8. The angle of incidence which bends the light ray along the edge of the denser 
medium, or the angle of incidence above which total internal reflection occurs, 
is called the critical angle of that substance.

 Mathematically it is represented as θc = arcsin n2
n1( ( where θc is the critical 

angle, n2 is the refractive index of the denser medium, and n1 is the refractive 
index of the less dense medium.

9. i.  A prism is a triangular glass block with broad rectangular sides and a 
triangular base.

 ii.  When a light ray is passed through it, it splits into seven colours. This 
splitting of light into seven colours is called the dispersion of light.

10. A rainbow is a large band of parallel stripes displaying the colours of the 
spectrum that make up the Sun’s white light. We see a rainbow when the Sun’s 
light breaks up as it passes through, the prism-like raindrops during a rain-
shower. When dispersed, the colours of a rainbow split in the following order:

 •� red
 •� orange
 •� yellow
 •� green
 •� blue
 •� indigo
 •� violet

11. i.  The spectrum of light is continuous with no clear boundaries. You can 
see a merger effect between the beginning and ending of adjacent 
colours because the maximum range of one colour is the minimum range 
of the other. The sequence of colours depends on the wavelengths of the 
colours in the spectrum, the first having the shortest wavelength and the 
last having the longest wavelength.
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 ii.  White light is made up of lots of different colours. The amount of each 
colour is called the spectrum of light. The different colours can be seen 
using a prism, which splits the light. Different colours are bent differently 
because of the difference in their wavelengths and so they are dispersed 
by the prism.

   The minimum and maximum ranges of the wavelengths of the colours of 
the spectrum are as follows:

  Colour wavelength (nm)
 violet 400–445
 indigo 445–475
 blue 475–510
 green 510–570
 yellow 570–590
 orange 590–650
 red 650

12. A periscope is a device which enables a person to see an object which is out 
of sight. The objects may be either above or below eyelevel. It is used in 
submarines, ships, and war trenches for marksmen to see their surroundings 
without being seen.

13. Reflecting prisms are used to invert, rotate, deviate or displace a beam of 
light. They produce a dispersion of the spectrum which is used for several 
purposes.

14. Match the following:
penta prism used in optical tooling
dove prism used in rotator
right angle prism used in periscope
roof prism used in telescope

15 The human eye can distinguish colours because different cells in the retina 
are sensitive to different wavelengths. The retina contains three types of 
cones which are colour receptor cells. Each cone can detect each of the 
primary colours.
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16. The primary colours are red, green, and blue. The primary three colour wheel 
is called the RGB wheel or RGB triad.

17. Red and green produces shades of yellow, brown, and orange; green and 
blue produces shades of cyan; and red and blue produces shades of purple 
and magenta. Mixing equal quantities of red, green, and blue results in 
shades of grey and white.

18. The secondary colours are yellow, magenta, and cyan. These make up the 
MYC wheel. Magenta and cyan are also called purple and turquoise 
respectively.

19. Artists and art educationists call the primary colour wheel of red, yellow, and 
blue, the RYB wheel.

20. The secondary colour wheel is made by mixing the primary colours. The 
secondary colour wheel consists of violet, orange, and green, so is called 
the VOG wheel.

21. Opaque or non-luminous bodies absorb light rays of certain wavelengths and 
reflect the others. Different colours have different wavelengths. Let us take 
the example of a leaf. The leaf looks green because it absorbs all the light 
rays except the green ones which we see. Similarly, the petals of a red rose 
absorb all rays of colour except red, which it reflects and we see a red rose.

22. A colour wheel is the combination of the colours present in a ray of white 
light, so if we spin it at high speed, instead of showing mixed colours, the 
wheel will look white because it will show an unbroken light ray.

23.

 i. b ii. c iii. b iv. a v. a

 vi. a vii. c viii. b ix. a x. a

24.
 i. speed ii. speed of light iii. smaller iv. 1.33
 v. sparkle vi. bend. vii. seven  viii. small

 ix. rectangular x. absorption xi. reflection

 xii. transmission and emission xiii. trichromatic.

 xiv. telecommunication xv. apparent
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Unit 10
1. i.  Sound is a mechanical vibration that travels through a medium (solid, 

liquid, gas, plasma) in the form of waves.
 ii.  Sound requires a medium to travel. As sound needs a medium, it cannot 

travel through a vacuum. Space is a vacuum so sound cannot be heard 
in space.

2.  When you knocked on the bench, the atoms in the wood received kinetic 
energy and began vibrating. These vibrations were carried from one atom to 
another. Because the molecules of the wood of the bench are closely packed, 
they have little space to vibrate, and the sound is soft. But when you listen 
to the sound without putting your ear to the bench, the sound is louder. The 
molecules from the wood vibrated and in turn affected the surrounding air. 
Since the molecules in the air are freer, they vibrated more vigorously and a 
louder sound was produced.

3.  The molecules of air forming sound waves are pushed together due to higher 
pressure in certain places. Thus a compression is observed. At other places 
in the waves, the pressure is less and the molecules are farther apart; this 
is termed rarefaction. Sound reaches our ears due to the compression and 
rarefaction of sound waves. The vibrations are transmitted from molecule to 
molecule, forming compressions and rarefactions. The molecules do not 
actually travel to our ears

4.

Longitudinal waves Transverse waves 

The molecules of a longitudinal 
wave vibrate or oscillate parallel to 
the direction of wave propagation.

The molecules of a transverse wave 
vibrate or oscillate perpendicular to 
the direction of wave propagation.

The compressed region of the 
wave seems to move from left 
to right from their equilibrium 
position, and not up and down. 

They move up and down as the wave 
is transmitted.

Gases, plasma, and liquid transmit 
sound through longitudinal waves.

Solids transmit sound through 
longitudinal as well as transverse 
waves. 
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5. Wavelength:
  The distance between two consecutive crests of a sound wave is called the 

wavelength. It is the total length of the wave. In SI units, it is measured in 
metres (m) and is denoted by lambda (λ).

 Frequency:
  The frequency is the number of waves passing through a particular point in 

one second. The unit of frequency is Hertz (Hz). 1 Hertz means 1 wave 
passing a particular point in one second.

 Amplitude:
  The height of the wave at its crest is known as the amplitude. It is measured 

in decibels (dB).
6.  Pitch is the measure of how shrill or deep a sound is. The squeak of a mouse 

is a shrill sound, whereas the roar of a lion is a deep sound. The pitch of a 
sound depends on its frequency.

7.  The intensity of a sound is the amount of energy it has. We hear intensity as 
loudness. The amplitude (height) of a sound wave is a measure of the 
amount of energy in the wave. Greater intensity of a sound creates greater 
amplitude, resulting in a loud sound. As you move away from the sound 
source, the sound gradually becomes softer. This is because it loses energy 
as it travels away from the source.

8  Quality of a sound describes the characteristics of sound which enable us to 
distinguish sounds which have the same pitch and volume. The tone and the 
notes of the sound make the quality of sound. The quality of a sound depends 
upon the wave form.

9  Sounds with a regular wave pattern are pleasant to hear. Those with an 
irregular pattern sound unpleasant; we call this noise.

10  Take a small plastic pipe. Blow into it and listen to the sound produced. Now 
shorten the length of the pipe. The sound produced after shortening the 
length of the pipe will be shriller than when it was longer. This is because 
the shorter length produces a note of a higher pitch.

  The guitar and sitar are both stringed instruments. The sounds produced are 
different due to their shapes and the number of strings.
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11  Some applications of sound are doorbells, fire alarms, ambulance sirens, fire 
engines, police cars, time alarms, telephones, radios, etc. All use various 
sounds to communicate certain messages to us. They help us to be alert, 
entertain, and communicate.

12  Humans hear sounds through the ears. The sound waves are collected by 
the outer ear and transmitted to the ear drum, which vibrates it, and then it 
reaches the cochlea. The cochlea stimulates several nerves which send the 
message to the brain where the sound is recognized.

13  Sounds with very high frequencies are called ultrasound, and those with very 
low frequencies are called infrasound.

14  Human beings can hear sounds from as low as 12 Hz to as high as 20 000 
Hz (20 kHz). Ageing, ear infection, trauma to the ear, explosions, and loud 
noise can cause hearing loss.

15  Dogs can hear frequencies from 40 Hz to 60,000 Hz, which is a far greater 
range than humans. The hearing ability of dogs decreases with age.

16  The sounds produced by bats are beyond the audible range of humans; this 
is why we cannot hear bats. Bats can hear frequencies from 20 Hz to 120,000 
Hz. This unique hearing range compensates for their visual impairment. They 
locate their prey by echolocation. They produce very loud, short sounds 
which echo and from this the bat can determine the nature and size of the 
prey and how far away it is. They track the prey and catch it.

17  Mice can hear frequencies from 1 kHz to 70 kHz or 90 kHz. They seldom 
produce the low frequency sounds which are audible to humans. They do 
this only when they have to send signals over a distance because low 
frequency sounds travel farther than high frequency sounds. They use high 
frequency sounds when they want to alert other mice of danger.

18  Except for seals, sea lions, and walruses, sea animals do not have ears. Other 
sea creatures, such as whales and dolphins, have different auditory systems. 
They use frequencies that are beyond human and other land animal’s hearing 
capabilities and produce low frequency moans or pulse signals.

19.  Whales do not produce sounds with their mouth/beak, but from inside their 
blow-hole. Dolphins can hear frequencies from 2 kHz to above 110 kHz. They 
produce clicks and whistles.
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20.
 i. waves ii. vacuum iii. faster iv. higher
 v. 12 to 20000 Hz. vi. amplitude vii. wave form
 viii. longitudinal ix. transverse

21.
 i. true ii. false iii. true iv. false
 v. true vi. true vii. false viii. true
 ix. true x. false

Unit 11
1. Individual answers
2. Current is the flow of electrons along a path; e.g. electrical machines work 

when electric current flows through them. Electric current is measured in 
amperes. An ampere describes the number of electrons moving at a particular 
point in one second. It is denoted by A and can be calculated by using the 
following mathematical equation:

 I = Q/t where I = current, Q = charge, and t = time
3. Alternating current (AC)
 Alternating current flows forwards, then backwards, and then forwards again. 

The flow of electric current reverses its direction periodically. Therefore the 
average value of an AC current or voltage is zero over one complete cycle. 
It rises from zero to its maximum strength in one direction, and then takes 
the opposite direction to start again from zero and reach its maximum. This 
cycle repeats itself 60 times per second.

 Most electrical appliances in our homes work on AC. The AC supply is simple 
and economical as not a lot of energy is wasted.

 Direct current (DC)
  Direct current flows in one direction only. It flows from the positive to the 

negative terminal of a battery. DC current is produced by batteries, chemicals, 
and solar cells.

4.  The path along which electric current flows is called a circuit. Current only 
flows along a circuit when it is closed.
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5.  Materials that allow current to pass through them are called conductors. 
Metals possess free electrons, so they are the best conductors of electricity. 
Tap water, acids, and the human body are also good conductors.

  Materials that do not allow electric current to pass through them are called 
insulators. Cotton, rubber, plastic, wood, paper, glass, leather, and pure water 
are poor conductors of electricity, and therefore good insulators.

6. i.  There are three types of circuit; these are the series circuit, parallel circuit, 
and the series-parallel circuit.

 Series circuit
This is the simplest circuit. In a series circuit, all the loads are connected 
one after the other in a series. If one load stops working, the circuit 
breaks and the electricity supply also stops.
Parallel circuit
In a parallel circuit, the wires are connected to the loads in the form of 
branches. This creates more than one path for the current to flow along. 
Each branch receives the same voltage. If the loads connected to each 
branch use different voltages to work, the branches will have different 
voltages. If one load stops working, the other loads are not affected and 
continue to work.
Series-parallel circuit
This circuit is a combination of the series and parallel circuits. It has 
some loads attached in series and others in parallel circuits. In the series 
connection, the same current flows through the wire, while in parallel 
connections, the current is divided according to the requirement of each 
load. If the load or wire in the series connection breaks, the entire circuit 
stops working. If the load or wire of one branch of the parallel circuit 
stops working, only the load connected to it stops working. The rest of 
the circuit continues to work normally.

 ii. Check the students’ work.
7. i. Ammeter

It has a positive terminal and a negative terminal which are red and black 
respectively. The positive terminal of the ammeter is connected to the positive 
terminal of the source. The negative terminal is connected to the negative 
terminal of the load. When current is passed through the circuit, the needle 
of the ammeter is deflected. It moves away from zero and stops at a certain 
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point. By noting the reading at this point, we can measure the amount of 
current passing through the circuit.

 ii. Voltmeter
A voltmeter has a scale, a pointer, and two terminals. The voltmeter is 
connected in parallel to the circuit. Its positive terminal is connected to the 
positive terminal of the power source and the negative terminal is connected 
to the negative terminal of the load. As the current flows through the circuit, 
the needle is deflected and one can note the reading by observing its 
maximum deflection.

 iii. Resistor
Resistance causes electrical energy by turn into heat. This resistance makes 
irons and heat generators work. In wiring this can cause fire or a short circuit. 
A fuse contains a short wire that has a low resistance and thus heats up 
quickly, breaking the circuit and saving it from serious damage.

8.

Energy Current

Energy is the ability to do work. Current is the flow of electrons at a 
place per unit of time.

It is measured in joules. It is measured in amperes.

One joule is approximately the amount 
of energy needed to lift 100 grams to a 
height of 1 metre.

Electric current can produce light 
energy or heat energy.

9.  Power is supplied to our homes by cables containing a live wire and a neutral 
wire. From the electricity meter, wires supply electricity to every part of the 
house through four kinds of circuits.

 a.  The lighting circuit which is a parallel circuit supplies current to the lights 
in the house.

 b.  A mains circuit supplies current to all the sockets in the house to which 
an earth wire is also connected.

 c.  An immersion heater circuit supplies current to the hot water tanks.
 d. A cooker circuit supplies current to ovens and cookers.
 Circuits c and d are not common in Pakistan.
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10.  The kilowatt hour, (kWh) is the unit of energy. The amount of power supplied 
to a house is calculated in kilowatts and the time is calculated in hours.

11.  The bills we receive from electric supply companies express the power 
consumed in kWh units. 1 kilowatt is equal to 1000 watts. If any of our 
appliances is of 1000 watts, it means that using it for 1 hour will consume 1 
kWh of electricity. A bulb of 40 watts will use 0.04 kW of electricity if switched 
on for one hour. If a 40 watt bulb is left on for one hour per day for 30 days, 
the energy used will be

 40 W × 30 h = 1200 Wh = 1.2 kWh
12.  Electricity produces three important effects: heating, magnetic, and chemical
 i.  Heating effect: When an electric current is supplied the electrical energy 

turns into thermal energy. This phenomenon is used in electric irons, 
heaters, toasters, geysers, cookers, kettles, and welding machines.

 ii.  Magnetic effect: A wire through which an electric current is flowing is 
surrounded by an invisible force called a magnetic field. The magnetic 
effect of electric current is used in telephones, electric bells, and loud 
speakers.

 iii.  Chemical effect: When an electric current is passed through certain 
chemical solutions in which a metal is placed, the metal is coated by one 
of the chemicals. This is called electroplating. It is used to purify and 
refine gold, silver, copper, etc.

13. An electric shock can result in death if there is:
 •� faulty or loose wiring
 •� broken switches
 •� overloaded circuits
 •� poor insulation
 •� poor or no earth
 It can be prevented if we:
 •� Install good quality wiring with proper insulation.
 •� Immediately repair damaged switches, plugs, and sockets.
 •� Do not touch electrical appliances with wet hands.
 •� Use insulated tools to repair electrical devices.
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 •� Wear rubber gloves when touching wires and switches.
 •� Use three-pin plugs.
 •� Use good quality fuses.
 •� Never touch electrical devices barefoot
14.  The earth wire is a wire connection from the mains supply to the ground. It 

creates a direct physical connection between the circuit and the Earth. It 
prevents dangerous voltage flowing through a circuit if the insulation fails. It 
is connected to the casing of appliances.

15.  A plug is a portable device that connects an appliance to the power supply. 
Three-pin plugs have three metallic rods which are inserted in a power socket. 
The two lower, shorter pins or rods are connected to a live wire and a neutral 
wire. The third, upper rod is longer and is connected to the earth wire. 
Whenever insulation fails, the earth wire breaks the circuit, saving both the 
appliance and the user.

16.
 i. current ii. negative iii. amperes
 iv. alternating current (AC) v. 60 vi. DC AC.
 vii. circuit viii. free ix. insulator conductor
 x. power source xi. switch xii. negative positive

17.
 i. false ii. false iii. true iv. true v. true
 vi. false vii. true viii. true ix. false x. true
 xi. false xii. true xiii. true

Unit 12
1. The study of the origin and creation of the universe is called cosmogony.
2. i.  The Big Bang theory explains that the universe began as something very, 

very, small, dense, and hot. Around 13.7 billion years ago, it started 
expanding like a balloon. While it was expanding, it was also cooling down 
until it reached a temperature and pressure that could support life.
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 ii.  The Big Bang theory is widely popular because it is supported by the 
following facts:

� � •� �There is certainty that the universe had a beginning.
� � •� �Edwin Hubble (1889 -1953) proved that galaxies are moving away from 

each other at speeds proportional to their distance (Hubble’s Law). 
This proves that the universe is expanding.

� � •� �In 1965, Arno Penzias and Robert Wilson discovered Cosmic 
Microwave Background radiation (CMB) which is considered to be the 
remnant of the very, very hot origin of our universe.

  •� �The Big Bang theory states that the universe originated from hydrogen 
and helium gases. The abundance of these “light elements” in our 
universe provides evidence for the Big Bang theory.

3.	 	Hydrogen and helium gases combine with dust to form a star. The dust 
consists of irregular grains of carbon, silicon, and other metals. As stars burn, 
they exhaust the hydrogen and helium. This increases the force of gravity 
acting from the outside and the stars die.

4.	 	The hydrogen gas and dust accumulate due to gravity and a temperature 
which exceeds 15 million degrees Celsius. This high temperature ignites a 
fusion reaction in which hydrogen fuses to form helium.

 The reaction can be shown as follows:

 4(1H) → 4He + 2e + 2 neutrons + energy

5. A nebula is a cloud of dust produced as the result of the death of a star.
6.  The nebula shrinks and turns into a protostar. The protostar, after undergoing 

a series of fusion chain reactions, turns into a red giant.
7.  Our Sun is expected to become a red giant in 5 billion years. It will expand 

and engulf some of the planets in our solar system. While doing so, it will 
lose its mass. This will enable some planets to expand their orbits and avoid 
being engulfed.

8.  We are not sure what will happen to the Earth when the Sun becomes a red 
giant. It is presumed that the Earth will also be engulfed by the Sun in the 
process. But before that, all the water on Earth will evaporate and all the 
hydrogen will be lost to space, leaving the Earth a dead, rocky region.
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9.  The distance between stars is measured in light years. A light year is the 
distance light travels through a vacuum in one year. It is equal to 10 trillion 
kilometres.

10.  We should wear dark glasses if we cannot prevent our eyes being exposed 
to the Sun. Special shield glasses should be worn to view an eclipse. The 
shields act as a filter that allows only harmless rays to reach the retina. 
Shields worn by welders to protect their eyes could also be worn.

11.  A constellation is a group of visible stars forming a pattern which appears to 
be a certain figure. The pattern has exact boundaries. The International 
Astronomical Union has figured eighty-eight constellations.

 The most widely studied constellations are:
� •� �Orion-This looks like a human figure wearing a belt. It is also called The 

Hunter.
 •� Leo-The stars in this constellation are arranged in the shape of a lion.
 •� �Scorpio-The stars in this constellation are arranged in the shape of a 

scorpion.
12.  A black hole is a region that is created as a result of an explosion caused by 

the death of a star. It is called a black hole because it absorbs and attracts 
everything towards it, including light.

13.  The Milky Way is a galaxy of which our solar system is a part. Apart from our 
solar system, the Milky Way contains more than 200 billion other stars. It is 
a giant spiral galaxy with a diameter of 100 000 light years and a mass of 
750 billion to 1 trillion solar masses.

14.  The telescope is an instrument that enables us to see giant bodies far away 
in space. The mirrors or lenses in the telescope collect electromagnetic 
radiation from the stars and form their images. Some of them are:

 • optical telescope
 • radio telescope
 • high energy particle telescope
 • gravitational wave telescope
  The Hubble Space Telescope was launched by the Space Shuttle in 1990. It 

orbits above the Earth’s atmosphere to prevent clouds from affecting the 
images it records. The Hubble is a very powerful telescope and is fitted with 
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a camera that enables scientists on Earth to see objects billions of light years 
away. The Hubble telescope runs on solar power. It is controlled by radio 
signals and was built to last for at least fifteen years.

15.
 i. continents ii. hot iii. billions iv. 13.7 billion
 v. Edwin Hubble vi. cosmic microwave background radiation
 vii. everything including light viii. event horizon
 ix. gravitational x. extremely hot xi. zero xii. colours

16.
	 i.	 true	 ii.	 false	 iii.	 false	 iv.	 true	 v.	 true
	 vi.	 true	 vii.	 false	 viii.	 true	 ix.	 false	 x.	 true
	 xi.	 false
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