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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 8. 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.
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•  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.
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Unit 1Unit 11
Human organ system
Teaching objectives
• to describe the structure and functions of the nervous system
• to explain the working of the nervous system
• to explain reflex action with examples
•  to differentiate between voluntary and involuntary actions using familiar 

examples
• to define excretion
• to draw and label a diagram of the human excretory system
• to explain the role of the kidneys in the excretion of waste
• to investigate possible causes of kidney malfunction
• to suggest techniques to treat kidney problems

Key vocabulary
neuron, peripheral, sensory, stimulus, spontaneous, axon, meninges, cranial, 
thalamus, hypothalamus, tectum, tegmentum, reflex arc, receptor, nephron, 
Bowman’s capsule, proximal/distal convoluted tube

Materials required
• chalk/board marker
• white/blackboard
• poster of the human nervous system and structure of the brain
• poster of the excretory system and the internal structure of a kidney

LESSON 1 1 period
Motivational activity (5 minutes)
Ask the following questions:
• How do you react when you touch something very hot or very cold?
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• What do you when you are asked a question?
• Which part of the body do you use to answer the question?
•	 If someone injures his leg, why can’t it function normally?

Developmental activity (10 minutes)
Pages 1 to 5
•	 	Ask the students to explain voluntary and involuntary actions in their own 

words.
•	 Discuss the parts of the body involved in voluntary and involuntary actions.
•	 	Refer to the diagrams on pages 1 to 4 of the textbook and ask the students 

to explain them.
•	 	Discuss the difference between the peripheral and the central nervous 

systems.
•	 Ask the students to read pages 1 to 5 of the textbook.
•	 Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that the human nervous system is a system of nerves beginning in the 
brain and running through every part of the body from the finger tips to the eyes, 
from the skin on the toes to the bones.
Discuss the structure and functions of specialized nerve cell neurons. Explain 
how a stimulus creates a reaction in the body. Explain sensory and motor 
neurons. Explain the structure and functions of axons and dendrites. Ask the 
students to investigate the parts of the brain and their functions. Explain how 
each part of brain works independently but in coordination with other parts. 
Discuss the importance of the spinal cord in the human body.
Draw a diagram of a reflex arc on the board and follow the path of the reflex 
action. Explain, using the simple example of the reflex action when the hand gets 
too close to a heat source and is instinctively pulled back. The brain and nerve 
endings feel the heat and signal the muscles to retract the hand. Discuss the 
internal and external environments of the body, and how voluntary and involuntary 
actions are related to them.

Class work (10 minutes)
Ask the students to complete exercises 18 and 23.
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Summing up (5 minutes)
•	 Review the functions of the nervous system and the organs involved in it.
•	 	Recap the definitions of the central and peripheral nervous systems and 

voluntary and involuntary actions.
•	 Review the findings of the experiment.
•	 Recap the reflex action and sensory and motor neurons.

Homework
Ask the students to read pages 1 to 5 of the textbook and answer exercises 1 
to 8 in their notebooks.

LESSON 2 1 period
Motivational activity (5 minutes)
Ask the following questions to start the discussion.
•	 	Why do we throw away leftover food and things that are broken or not needed?
•	 What would happen if we did not throw these things away?
•	 Is sweating healthy? If so, why?
•	 When do you think it is most important to sweat?
•	 How does the body get rid of waste products?
•	 Why is excretion an important life process?

Developmental activity (10 minutes)
Pages 5 to 8
•	 Ask the students to identify the organs involved in the excretory system.
•	 Ask them to identify the most important organ of the excretory system.
•	 	Refer to the diagrams on pages 5 and 6 of the textbook and ask the students 

to explain them.
•	 	Discuss the difference between the peripheral and central nervous systems.
•	 Ask the students to read pages 5 to 8 of the textbook.
•	 Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that humans have the most complex systems in their bodies in order to 
maintain life. One of these systems is the excretory system. Explain that 
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excretion is the removal of waste products from an organism. Identify some of 
the waste products as sweat, urine, and carbon dioxide. Emphasize the 
importance of the excretory system.
Discuss the need to throw away household rubbish to prevent nasty smells, 
clutter, and invasions by other organisms; explain that the excretory system does 
this work in the body. Identify the parts of the excretory system. Explain that the 
excretory system maintains a balanced internal environment. Explain the 
functions of each part of the system i.e. the kidneys and the nephrons.
Explain that there are about 1 million nephrons in the cortex of a kidney. The 
primary function of the nephrons is to filter the blood. Identify the three parts of 
a nephron: the glomerulus, the Bowman’s capsule, and the tubule which is further 
divided into the proximal and distal tubules, and the Loop of Henle.
Explain that urine production involves four steps. The first is the filtration of the 
blood which takes place in the glomerulus. The filtrate contains water and many 
of the toxic substances which are collected in the Bowman’s capsule for transport 
through the nephron.
The second step is re-absorption in the nephron where essential nutrients and 
water are reabsorbed into the blood. Explain that after re-absorption, waste 
products such as urea are retained in the tubule, and tubular secretion occurs 
when waste products that were not initially filtered out in the Bowman’s capsule 
are removed from the blood in the distal tubule. Explain that from here the waste, 
which is now called urine, travels to the collecting duct and finally to the ureter 
and bladder, and is expelled from the body. Identify this step as excretion.
After explaining all the steps of excretion, discuss problems which may develop 
from malfunctions of the excretory system. Identify possible diseases and health 
problems of the excretory system. Describe the causes of those diseases and 
ways to prevent them. Discuss preventive measures such as eating healthy 
foods, drinking plenty of water, and proper hygiene. Discuss the procedures of 
lithotripsy, dialysis, and kidney transplant to treat these diseases.

Class work (10 minutes)
Ask the students to complete exercises 19 and 20.

Summing up (5 minutes)
Exercises 21 and 22 can be completed to review the lesson.

Homework
Ask the students to read pages 5 to 8 and answer exercises 9 to 17 in their 
notebooks.
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Unit 

Heredity of organisms
Teaching objectives
•	 to differentiate between mitosis and meiosis
•	 to identify DNA and chromosomes in a cell diagram
•	 	to define heredity and recognize its importance in transferring characteristics 

from parents to off-spring
•	 to compare characteristics related to eye colour

Key vocabulary
mitosis, meiosis, chromosome, gene, spindle, maternal and paternal DNA, 
adenine, thymine, guanine, cytosine, allele, dormant, recessive/dominant gene

Materials required
•	 black/whiteboard
•	 marker/chalk
•	 	2.5 cm diameter balls of modelling clay of four different colours: red, blue, 

yellow, and green
•	 one large oval and four smaller ovals cut from white paper
•	 a pair of scissors
•	 a 75 cm length of thick brown yarn
•	 four 30 cm lengths of thick brown yarn
•	 one 30 cm length of white string
•	 permanent markers

LESSON 1 1 period
Motivational activity (5 minutes)
Ask the following questions to start the discussion.

Unit 2
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•	 How does growth take place in a living thing?
•	 How do cells divide?
•	 How are parents’ genes passed to their offspring?
•	 What is the difference between mitosis and meiosis?

Developmental activity (5 minutes)
Pages 14 to 16
• Ask the students to read pages 14 to 16 of the textbook.
• Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Differentiate between haploid cells and diploid cells, the processes of mitosis 
and meiosis, and the characteristics of somatic cells and sex cells, referring to 
figures on page 15 and 16. Explain that humans have 46 chromosomes in each 
cell which form 23 pairs of chromosomes. Describe why we have two copies of 
each of the genes in our genome. Define gametes. Explain how crossing-over 
is responsible for genetic variation in species. Describe the steps involved in 
meiosis, and the significance of each step. Explain how meiotic cell division 
produces gametes. Point out that meiotic cell division occurs only in the 
reproductive cells of plants and animals. Recall that chromosomes are composed 
of DNA and contain the genetic material of an organism.

Group activity (15 minutes)
Distribute to groups of students the following activity materials: clay, oval pieces 
of paper, scissors, yarn, string, and markers. Ask them to keep their books open 
and refer to the diagrams on pages 15 and 16. Give the following instructions 
as the students carry out the activity:
•	 Ask the students to replicate the diagrams by using the material given.
•	 Help them do the Telophase, Meiosis I, and Meiosis II in turns.
•	 	As the activity proceeds, ask the students to refer to pages 15 and 16 of the 

textbook and identify the different phases of telophase and meiosis. As they 
do so, the teacher should give a brief description of each phase by observing 
the model in progress.

Summing up (5 minutes)
•	 Recap that cell division is necessary for growth and reproduction.
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•	 Recall the importance of, and differences between mitosis and meiosis.
•	 Review all the phases of mitosis and meiosis.

Homework
Ask the students to read pages 14 to 17 of the textbook and answer exercises 
1 to 3 in their notebooks.

LESSON 2 1 period
Motivational activity (7 minutes)
Ask the following questions:
•	 	Why are there similarities and dissimilarities in two species of the same group?
•	 Why do we resemble our parents?
•	 Why is our behaviour similar to that of our parents?
•	 Why are there haploid cells?
•	 Why are there diploid cells?
•	 Have you heard of DNA testing?
•	 What does DNA stand for?
•	 Where is it located?
•	 What is its function?

Developmental activity (8 minutes)
Pages 17 to 19
•	 Ask the students to read pages 17 to 19 of the textbook.
•	 Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that a chromosome is a tightly-coiled strand of DNA. Within each 
chromosome there are numerous genes. Each gene has several characteristics 
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relating to the physical and behavioural features of species. Explain that the 
chromosomes within each pair are said to be homologous, which means similar 
but not identical. Homologous chromosomes contain the same genes but not the 
same alleles. This means two homologous chromosomes might contain the gene 
for eye colour, but the alleles may be different. There may be a blue eye allele 
on one chromosome and a brown eye allele on the other.
Explain that genes are segments of chromosomes with a code for proteins. 
These codes express traits which are called phenotypes. Explain the structure 
of DNA and the terms maternal and paternal DNA. Explain that DNA is made of 
sugar, phosphate, and nucleotides which are adenine A, guanine G, thymine T, 
and cytosine C. Also explain how uncountable combinations can be made by 
rearranging adenine A, guanine G, thymine T, and cytosine C; this accounts for 
the variety of species of the same kind.
Discuss the laws of inheritance identified by Gregory Mendel. While doing so, 
explain recessive genes and dominant genes. Discuss genetic disorders such 
as sickle-cell anaemia, Tay-Sachs disease, Down’s syndrome, hemophilia, and 
muscular dystrophy. Discuss monozygotic and dizygotic twins.

Group activity (10 minutes)
Refer to the activity explained on page 19 of the textbook and ask the students 
to complete the table. Once they have completed the table, discuss recessive 
and dominant genes, and the phenotype and genotype of the characteristics 
studied in the activity.

Summing up (5 minutes)
•	 Recap the structure and function of DNA.
•	 Recall the importance of DNA in heredity.
•	 Review genetic disorders.
•	 Complete exercise 11 to review the whole unit.

Homework
Ask the students to read pages 17 to 19 of the textbook and answer exercises 
4 to 10 in their notebooks.
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Unit 

Biotechnology
Teaching objectives
• to define biotechnology
• to explain how DNA is copied and made
• to explain the relationship between DNA, genes, and chromosomes
• to define bacterium
• to explain how genes are introduced into a bacterium
• to identify some biotechnological products used in daily life
• to explain that genetic modification in different foods can increase the 

amounts of essential nutrients
• to identify general applications of biotechnology in various fields
• to explain how biotechnology contributes to meeting the nutritional needs 

of growing populations

Key vocabulary
biotechnology, mutation, recombinant, genetic engineering, pathogen, immunize, 
vaccine, recombinant enzyme, antibiotic, antigen, clone

Materials required
• white/blackboard
• marker/chalk
• scissors
• sticky tape
• sheets of brown art paper and sheets of red for A, green for T, blue for G, 

and yellow for C

3

17



1

3

18



119

LESSON 1 1 period
Motivational activity (5 minutes)
Ask the following questions to start the discussion on biotechnology.
• What is meant by technology?
• How many different kinds of technology are there?
• Have you heard of biotechnology?
• What things undergo a biotechnological process?

Developmental activity (10 minutes)
Pages 23 to 25
Before the students start to read the pages of the textbook, ask the following 
questions to assess the extent of their knowledge of DNA and bacteria.
• Ask the students to describe the structure of DNA.
• Ask them what they know about bacteria.
• Ask them if bacteria are harmful or useful.
• Ask them if yoghurt contains bacteria.
• Ask the students to read pages 23 to 25 of the textbook.
• Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that although biotechnology is centuries old, nowadays it has many 
applications. Explain that yoghurt, bread, and vinegar result from fermentation, 
a biotechnological process.
The introduction of a trait or characteristic through implanting bacteria in the 
DNA of a substance is known as genetic engineering. Describe the structure of 
DNA by explaining that each gene is a specific protein and is responsible for a 
certain characteristic.
Explain that during cell division, the strands of DNA are separated and may 
create replica or different DNA. These segments of DNA combine in a number 
of ways to give a variety of characteristics. There may be mutation in the DNA 
which creates undesirable changes. There are a number of reasons for this 
mutation. Discuss these reasons.
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Explain that if we want to remove a characteristic, the segment carrying the 
undesirable trait is removed and the rest of the DNA is copied. Explain that this 
is recombinant DNA. Write rDNA on the board.
Describe the variety and structure of bacteria and explain that bacteria 
are used in genetic engineering because of their simple structure and 
because they are pathogens. Explain that pathogens have the ability to 
recombine genetically.

Group activity (10 minutes)
Distribute the coloured paper, tape, and a pair of scissor to groups of students. 
Give the following instructions to the students to make a DNA double helix.
• Cut out two 11 cm x 2.5 cm strips of brown paper.
• Cut 0.5 cm x 1 cm rectangular pieces of red, green, blue, and yellow paper.
• Write A, T, G, and C respectively on them.
•  Use sticky tape to attach the small pieces of coloured paper A, T, G, and C 

to the long strips so that A is placed in front of T, and G in front of C.
• The letters should all face the same direction.
•  Tape the two ends of the long strips together to form a circle, with the letters 

facing out.
• Ask the students what they would do to change the sequence of ATGC.
• What could be done to rearrange the DNA of a particular species?
•  Explain that the roles of the tape and scissors are performed by certain 

enzymes produced by bacteria introduced into the DNA of that species

Summing up (5 minutes)
•  Recap the structure of DNA and the relationship between genes and 

chromosomes.
• Recall the definitions of biotechnology and genetic engineering.
• Review the role of bacteria in genetic engineering.

Homework
•  Ask the students to read pages 23 to 25 of the textbook and answer exercises 

1 to 9 in their notebooks.
•  Visit a local supermarket. Read the labels on some food items; see if there 

is any food that is labelled ‘Naturally Grown,’ or ‘Organic’.
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• Bring to class some food packaging.

LESSON 2 1 period
Motivational activity (5 minutes)
Ask the following questions to start the discussion.
• Is it possible to improve dairy products, meat, vegetables, or fruit? How?
• What is meant by organic or naturally grown?
• Are some products grown by unnatural methods?
• What are these?

Developmental activity (10 minutes)
Pages 27 to 30
Before the students read the textbook, ask the following question to assess the 
extent of their knowledge of the topic.
• What do you know about genetically modified foods?
Write their replies on the board.
• Ask the students to read pages 27 to 30 of the textbook.
• Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that using modern technology to change or modify the biological structure 
of living organisms or to create new organisms for the sake of improvement or 
to meet the needs of an increasing population is an application of biotechnology.
Further explain that biotechnology covers a vast area. These are: producing 
hybrids by crossing dissimilar species to produce the best breed; producing 
human insulin in bacterial cells; modifying plants to resist viral diseases, insects, 
and herbicides; increasing milk production in animals; producing plants that are 
resistant to diseases and drought; cloning livestock from cells of adult animals; 
using microbes to clean water and soil; producing crops with built-in tolerance 
to temperature, pH, and salinity; producing horticultural products with better 
colours; producing plants that produce edible vaccines; producing foods with 
improved taste and nutritional value; producing plants that produce plastics, 
fuels, and that help with environmental clean-up; producing disease-resistant 
animals; reintroducing hormones into animals to increase production; using 
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animals to produce organs suitable for transplant into humans; producing plants 
and micro-organisms to break down waste and prevent food decaying.
Add to the discussion the non-food uses of biotechnology which include the 
production of detergents, soaps, textiles, pulp and paper, plastics, leather 
tanning, fuels, lubricants, paints, inks, dyes, and varnishes.

Group activity (10 minutes)
• Divide the food labels between groups of students.
• Ask them to discuss the information on the labels.
• Ask them to complete Worksheet 1.
• Next discuss how many items in daily use involve biotechnology.
• Also discuss other labels that they may have seen on products.
• Conclude that genetic engineering has entered every aspect of our lives.
• Discuss the ethics of biotechnology.

Summing up (5 minutes)
• Recall the uses of biotechnology in different areas of life.
•  Recap the importance of genetic engineering in the production of food, 

medicines, clothing, paints, detergents, and soap.
• Review the uses of vaccines and their importance.
• Do exercise 18 to review the whole lesson.

Homework
Ask the students to read pages 26 to 30 of the textbook and answer exercises 
10 to 17 in their notebooks.
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Unit 

27

Pollutants and their effects on 
environment
Teaching objectives
• to explain the sources, properties, and harmful effects of air pollutants
• to identify problems in human organ systems caused by air pollutants
•  to plan and conduct a campaign that can help to reduce air pollution in the 

local environment
• to explain the greenhouse effect
• to describe the causes and effects of ozone depletion
• to carry out research into global warming and its likely effects on life on Earth
• to design a model to explain the greenhouse effect
•  to explain the formation of acid rain and identify its consequences on living 

and non-living things
• to define deforestation
• to identify the effects of deforestation on the environment
•  to identify human activities that have long-term adverse consequences on 

the environment
•  to explain the importance of local and global conservation of natural resources
•  to suggest ways in which individuals, organizations, and government can help 

to make the Earth a better place to live

Key vocabulary
contamination, aerosol, pollutant, ozone, ultraviolet ray, allergy, particulate, 
lesion, haze, visibility, infrared, albedo, trace gas, stratosphere, CFC, HFC, 
cataract, erosion, deforestation, renewable/nonrenewable resources

Materials required
• black/white board
• chalk/marker
• 2 empty 1.5 litre plastic bottles

4
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• a pair of scissors
• sticky tape
• 2 flat plates
• 2 thermometers
• a desk lamp or similar light

LESSON 1 1 period
Motivational activity (5 minutes)
To start the discussion, ask the following questions.
• How do you come to school?
• Do you hear birds chirping or noisy traffic on the way?
• Do you smell fresh air or fumes from cars or from burning waste?
• Do you see beautiful landscapes or concrete roads and buildings?
• If someone smokes, do you find it irritating? Why?
• Do wars have any effect on our planet?

Developmental activity (10 minutes)
Pages 34 to 36
Before the students read the textbook, the following activities would help to build 
up the lesson.
• Create a table using Worksheet 2.
• List the things the students noticed on the way to school.
• Introduce the concept of air pollution caused by motor vehicles.
•  Ask the students to read pages 34 to 36 of the textbook. Encourage them to 

use the glossary to understand the text.

Teacher’s input (10 minutes)
Discuss the findings and implications of traffic in terms of air pollution.  Discuss 
other causes of air pollution. Ask why it is important to be concerned about air 
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pollution. Explain that one can go days without food and hours without water, 
but would last only a few minutes without air. We need air to live, and breathing 
polluted air can make us sick.
Describe the composition of air and identify the most common gases which 
pollute air. Discuss the sources of these gases. Start with the home, kitchen, and 
barbecue places and extend the discussion to industrial areas, nuclear plants, 
power plants, and so on. Identify different energy sources such as petrol, diesel, 
coal, and CNG which contribute to air pollution.
Do not forget to explain that aerosols, room fresheners, paints, and perfumes also 
contribute to air pollution. Explain that even villages are not free from this. 
Agricultural products like fertilizers, pesticides, and animal manure are sources of 
harmful gases. Categorize primary and secondary pollutants. Explain in detail the 
effect of polluted air on ozone and the effect of UV rays on Earth and its inhabitants.

Group activity (10 minutes)
• Take the students to a nearby busy main road.
• Ask them to record the traffic over a 5 minute period.
• Ask them to record the number of cars with only 1 person in them.
•  Record any other source emitting smoke, e.g. cigarettes, waste being burnt 

on road sides, a road-side hotel, etc.
• Return to the classroom and discuss their findings.

Summing up (5 minutes)
• Recap the definition of pollution.
• Recall the importance of air for human life.
• Review the sources of air pollution.
• Remind them of primary and secondary air pollutants.

Homework
Ask the students to read pages 34 to 36 of the textbook and answer exercises 
1 to 3 in their notebooks.
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LESSON 2 1 period
Motivational activity (5 minutes)
To start the discussion, ask the following questions.
• How do you feel when you breathe fresh air?
• How do you feel when you breathe polluted air?
• Why do you tend to cough in the presence of smoke?
• What is smoker’s cough?
• Why are sick people recommended to breathe fresh air?

Developmental activity (10 minutes)
Pages 37 to 39
Before the students read the textbook, ask the following questions.
• Are living things other than human beings also affected by polluted air?
• Are non-living materials also affected by polluted air?
•  Ask the students to read pages 37 to 39 of the textbook. Encourage them to 

use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that air pollution can damage trees, crops, other plants, lakes, and 
animals. In addition to damaging the natural environment, air pollution also 
damages buildings and monuments. Explain that pollution not only reduces 
visibility, but also creates haze which causes problems in aviation.
Explain that breathing polluted air can cause allergies that affect our eyes and 
nose. Explain that it can irritate the throat and make breathing difficult. In fact, 
pollutants like tiny airborne particles and ground level ozone can trigger 
respiratory problems, especially for people with asthma. Point out that more and 
more people are now being diagnosed with asthma due to these allergens in the 
air.
Explain that it also aggravates the health of the elderly and people who suffer 
from heart or respiratory diseases. Explain that some toxic chemicals released 
in the air may cause cancer, damage lungs, and may even cause death. Other 
pollutants make their way up into the upper atmosphere, causing a depletion of 
the ozone layer. This has led to changes in the environment and dramatic 
increases in skin cancers and cataracts.
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Group activity (10 minutes)
• Divide the students into groups of six.
•  Ask each group to list the diseases discussed above and investigate their 

causes from the Internet.
•  After completing this task discuss the extent of the damage caused by air 

pollution on human health.
•  Ask a member of each group to give one minute presentations of their 

findings to the class.

Summing up (5 minutes)
• Recap the harmful effects of air pollution on human health.
• Recall the harmful effects of air pollution on plants and animals.
• Review the harmful effects of air pollution on non-living materials.

Homework
Ask the students to read pages 37 to 38 of the textbook and answer exercise 4 
in their notebooks.

LESSON 3 1 period
Motivational activity (5 minutes)
Ask the following questions:
• What is the greenhouse effect?
• How does the greenhouse effect cause global warming?
•  How do human activities produce greenhouse gases and cause climate change?
• What is ozone?

Developmental activity (5 minutes)
Pages 39 to 44
•  To introduce the topic, draw on the board the figure on page 42 of the 

textbook. Explain it to the class.
•  Ask the students to read pages 39 to 44 of the textbook.
•  Encourage them to use the glossary to understand the text.
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Teacher’s input (10 minutes)
Explain that a greenhouse is made to trap sunlight to help plants grow. Similarly, 
the atmosphere traps heat and keeps our Earth warm. Certain gases in the 
atmosphere such as carbon dioxide, methane, and water vapour trap energy 
from the Sun. The natural greenhouse gases act like a big blanket around the 
Earth, keeping it warm.
Explain that humans are creating extra greenhouse gases which increase global 
warming. Explain how global warming affects the weather patterns on Earth and 
causes climate change. Explain further that climate change results in higher sea 
levels, more rainfall, and severe droughts and floods.
Now move on to the ozone layer that extends to about 24 km in the atmosphere.  
Explain that it protects the Earth and its inhabitants from the Sun’s harmful ultra-
violet rays. Explain that ozone depletion is occurring due to CFCs 
(chlorofluorocarbons) and other toxic gases. The hole in the ozone leaves 
humans and wildlife open to unsafe levels of UV light.
Define acid rain and explain the causes of acid rain and its effects on vegetation, 
water, buildings, and human beings. Point out that forests are disappearing. 
Explain the causes of deforestation and its damaging effects. Explain that as the 
world is developing and there is an increase in population growth, cities are 
expanding, and parking lots, roads, and agricultural land are replacing the green 
trees that once covered half the Earth’s surface. Study maps to see where 
deforestation is happening. Animals are losing their homes and habitats. All these 
factors contribute to drought, which creates famine.

Group activity (15 minutes)
Refer to the activity on page 39. Divide the students into two groups. Monitor 
their progress.

Summing up (5 minutes)
• Recall the greenhouse gases and their effects on the environment.
• Recap the causes and consequences of acid rain.
• Review the causes deforestation and drought.
• Recall the effects of deforestation and drought on life on Earth.

Homework
Ask the students to read pages 40 to 44 of the textbook and answer exercises 
5 to 8 in their notebooks.
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LESSON 4 1 period
Motivational activity (5 minutes)
Ask the following questions:
• Do you think air pollution can be controlled?
• Suggest ways to decrease air pollution.
• What can you do specifically to clean the air in your area?

Developmental activity (10 minutes)
Pages 45 to 47
• Ask the students to suggest ways to reduce air pollution.
•  Ask the students to read page 45 to 47 of the textbook. Encourage them to 

use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that the effects of air pollution on human health, the environment, and 
economy are significant. Point out that air pollution causes many illnesses and 
also reduces food crop yields.
Explain that we need to take serious steps to have clean air for us and for future 
generations. The first step is to conserve energy. We must note how we waste 
renewable and non-renewable resources and avoid doing that. Discuss how 
many of the students turn off appliances and lights when they leave the room. 
Investigate the three Rs. Motivate the students to recycle paper, plastic, glass 
bottles, cardboard, and aluminum cans. Explain that this will help conserve 
energy and reduce production emissions. Then explain that we should have 
well-maintained stoves. We should plant trees, promote solar lights, use water-
based paints. Discuss the hazards of smoking and condemn it.

Group activity (10 minutes)
• Divide the students into groups of three.
•  Ask them to generate practical ideas to reduce air pollution and greenhouse 

gas emissions.
• Ask the groups to share their ideas and generate a master list of strategies.
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•  Ask them to divide the list into personal responsibility and community 
responsibility, (Worksheet 3).

•  Ask them to keep community needs, awareness, and levels of involvement 
under consideration.

• Identify the target audience, and materials and resources needed.
•  Decide if you will make a joint project with organizations working in the same 

area.

Summing up (5 minutes)
• Recall the conservation of natural resources.
• Recap renewable and non-renewable resources.
• Review the ways to reduce air pollution.
• Recall the three Rs.
• Do exercise 12 to review the whole lesson.

Homework
Ask the students to read pages 44 to 47 of the textbook and answer exercises 
9 to 11 in their notebooks.
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Chemical reactions
Teaching objectives
• to define a chemical reaction
• to explain the rearrangement of atoms in chemical reactions
• to explain how to balance a chemical equation
• to define the law of conservation of mass
• to identify the nature of chemical changes in various reactions
• to describe changes in the states of matter in chemical reactions
• to explain the types of chemical reactions with examples
• to explain the energy changes in chemical reactions
• to explain the importance of exothermic reactions in daily life

Key vocabulary
reactant, product, chemical formula, exothermic, endothermic, decomposition 
reaction, single/double displacement reaction, oxidation/neutralization reaction, 
hydrolysis, balancing an equation

Materials required
• black/white board
• marker/chalk
• candles
• boxes of matches
• glasses
• atom cut-outs from the activity sheet (as many elements you want to use in 

a chemical reaction)
• sheet of coloured paper or construction paper
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• coloured pencils
• scissors
• glue or tape

LESSON 1 1 period
Motivational activity (5 minutes)
Ask the following questions to start the discussion.
• What changes do you see around you?
• What is a physical change and what is a chemical change?
• What is the difference between them?
• What do you know about chemical reactions?

Developmental activity (10 minutes)
Pages 50 to 52
Ask the following questions:
• Ask students to identify various physical and chemical changes occurring in 

our daily lives.
• Ask what is involved in a chemical reaction.
• Ask the students to read pages 50 to 52 of the textbook.
• Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that physical changes, such as evaporation and dissolving, do not create  
new substances, but a chemical change does. In a chemical reaction, the atoms 
and molecules that interact with each other are called the reactants, and the 
atoms and molecules produced by the reaction are called the products.
Explain that only the atoms present in the reactants make products. No new 
atoms are created, and no atoms are destroyed. Explain that during a chemical 
change, the atoms in the reactants rearrange themselves and bond together 
differently to form one or more new products which have different characteristics 
from the reactants.
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The bonds between the atoms in the reactants are broken and the atoms 
rearrange and form new bonds to make new products. Give the example of 
combustion when cooking food. Methane gas is used in stoves.
Explain that the chemical formula for methane is CH4, as given on page 51. This 
means that methane is made up of one carbon atom and four hydrogen atoms. 
Explain that there is methane and oxygen on the left side of the chemical 
equation and carbon dioxide and water on the right side.
Explain that the molecules on the left side are the reactants and those on the 
right side are the products. Discuss other examples given in the book. Explain 
how arrows are used in writing a chemical reaction, and what they mean. Discuss 
the role of heat energy involved in a chemical reaction. Explain the terms 
exothermic and endothermic reactions. Give examples of both.

Group activities (10 minutes)
Divide the students into groups of four. Give each group a small candle, a box 
of matches, and a glass. Give safety instruction to the students; ask them to be 
careful when lighting the candle. Make sure that the match and candle are 
completely extinguished. Now give these instructions:
• Light the candle.
• Place the glass over the candle.
• Observe what happens.
• Identify the reactants in this chemical reaction.
Explain that wax and oxygen in the air are the reactants. Elicit that oxygen is a 
reactant in the burning of a candle. Ask the students to check whether the wick 
or the wax is burning.
Explain that the wick does burn but it is actually the wax on the string that keeps 
the candle burning. The molecules that make up the wax combine with oxygen 
to make the products carbon dioxide and water vapour. The paraffin reacts with 
oxygen in the air to produce carbon dioxide and water.
Point out that placing a glass over the candle prevents oxygen in the air being 
used in the burning.

Summing up (5 minutes)
• Recap the definition of chemical reaction.
• Revise the definitions of reactant and product.
• Explain the symbols (l), (s), and (g) and the use of arrows in writing a 

chemical equation.
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• Revise the meanings of exothermic and endothermic reaction.

Homework
Ask the students to read pages 50 to 52 of the textbook and write answers to 
exercises 1, 2, and 6.

LESSON 2 1 period
Motivational activity (5 minutes)
Ask the following questions to start the discussion:
• What is a chemical reaction?
• Are there different types of chemical reactions? Name them.
• Give example of any such reaction from daily life.

Developmental activity (10 minutes)
Pages 52 to 55
• Ask the students to read page 52 to 55 of the textbook.
• Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Refer to the model equation of methane and oxygen on page 51 and explain 
how the atoms in methane and oxygen come apart and bond again to form new 
products.
Help students understand that the atoms in the products come only from the 
reactants. No new atoms are created and no atoms are destroyed—they either 
break their bonds or rearrange them. There may be one or more than one 
reactant. There may be one or more than one product.
Explain addition reaction with an example. Explain decomposition reaction. Move 
on to explain displacement and double displacement reactions. Explain 
combustion, oxidation, neutralization, and hydrolysis giving examples from the 
textbook.

Group activities (10 minutes)
• Divide the students into groups of six.
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• Give each group 5 minutes to study one type of reaction.
• Ask them to select a group spokesperson.
• Ask the spokesperson to explain the reaction allocated to the group.

Summing up (5 minutes)
• Recap the types of chemical reactions.
• Review each with an example.

Homework
Ask the students to read pages 52 to 55 of the textbook and write answers to 
exercises 3, 5, 7, and 8.

LESSON 3 1 period
Motivational activity (5 minutes)
Write an equation on the board and ask the following questions.
• What are the reactants in this chemical reaction?
• What are the products?
• How many atoms or molecules of a certain element take part in the reaction?
• Are there equal numbers of atoms or molecules on both sides of the equation?
• Should there be equal numbers of atoms or molecules on both sides of the 

equation? Why?

Developmental activity (10 minutes)
Pages 55 to 58
• Ask the students to read pages 55 to 58 of the textbook.
• Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that chemical reactions are more complicated than they appear. Explain 
the use of the coefficient in front of the molecule and the subscript to count the 
atoms on each side of the equation.
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Explain that the subscript shows how many of a certain type of atom are in a 
molecule. The coefficient shows how many of a particular type of molecule there 
are. So if there is a coefficient in front of the molecule and a subscript after an 
atom, you need to multiply the coefficient by the subscript to get the  total number 
of atoms.
For example, 2CO2 in a chemical reaction means there are two molecules of 
carbon dioxide. The subscript means that each carbon dioxide molecule contains 
two oxygen atoms. Since each carbon dioxide molecule has two oxygen atoms 
and there are two carbon dioxide molecules, there must be 4 (2 × 2) oxygen atoms.
Explain that the coefficient is the ratio of the numbers of molecules in a chemical 
reaction. It is not the actual number as in two molecules of carbon dioxide and 
one molecule of water since billions and trillions of molecules take part in a 
chemical reaction.
Write each example discussed in the textbook to explain the balancing of 
equations.

Group activity (10 minutes)
This will help students understand how a chemical reaction takes place and 
atoms break and form new bonds. Use the material from the list given at the 
start.
• Divide the students into groups of four.
• Place the atom cut outs together to make the molecules of the reactants 

(methane and oxygen) on the left side of the sheet of paper.
• Write the chemical formula of methane and oxygen under its molecule.
• Draw a + sign between the reactants.
• Rearrange the atoms in the reactants to form the products.
• Draw an arrow after the second oxygen molecule to show that a chemical 

reaction is taking place.
• Rearrange the atoms in the reactants to make the molecules in the products 

on the right side of the arrow.
• Write the chemical formula under each molecule of the products.
• Draw a + sign between the products.
• Explain that in a chemical reaction, the atoms in the reactants come apart, 

rearrange, and make new bonds to form the products.
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Summing up (5 minutes)
• Recap the importance of balancing a chemical equation.
• Recap the steps involved in balancing a chemical equation.
• Do exercise 11 to review the whole lesson.

Homework
Ask the students to read pages 55 to 58 of the textbook and write answers to 
exercises 4, 9, and 10.
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Acids, alkalis, and salts
Teaching objectives
• to define the terms acid, alkali, and salt
• to describe the properties of acids, alkalis, and salts
• to explain the uses of acids, alkalis, and salts in our daily lives
• to define indicator
• to use indicators to identify acids, alkalis, and neutral substances
• to investigate the colour changes in various flower and vegetable extracts by 

adding acids and alkalis

Key vocabulary
acid, alkali, concentrated, dilute, organic, inorganic, preservative, anti-inflammatory, 
flavouring agent, beverage, anti-depressant, fungicide, caustic

Materials required
• marker/chalk
• white/black board
• a poster showing the pH scale
• vinegar
• a lemon
• an orange
• some tart flavouring
• detergent
• ammonia solution
• lime water
• baking powder

6
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• purple cabbage
• spirit lamp
• filter paper
• scissors
• litmus paper
• phenolphthalein
• dropper
• petri dish/china dish

LESSON 1 1 period
Motivational activity (5 minutes)
Ask the following questions to start the discussion.
• What is used to clean floors and tiles?
• What makes these products effective?
• Do you eat pickles?
• Are the pickles made at home or bought?
• What is used as a preservative in pickles?

Developmental activity (10 minutes)
Pages 62 to 64, 66 to 67, and 71 to 72
Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that acids are proton donors and produce H+ ions in aqueous solutions. 
Describe the characteristics of acids. Discuss the taste of some edible acids such 
as citric acid found in fruit and vegetables.  Explain that acids taste sour; the word 
‘acid’ comes from the Latin acere, which means sour.
Give everyday examples such as ascorbic acid in vitamin C and in certain fruits, 
5% acetic acid in vinegar, carbonic acid in carbonation of soft drinks, lactic acid 
in buttermilk.
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Discuss the properties of acids including aqueous solutions that conduct electric 
current (are electrolytes) and react with bases to form salts and water. Write the 
equation on the board and explain that hydrogen gas (H2) is evolved upon reaction 
with a reactive metal such as zinc and aluminum. Discuss the role of litmus paper 
in the identification of acids. Explain that acids change the colour of litmus from 
blue to red.

Group activities (10 minutes)
• Take the lemon, orange, vinegar, and tart flavouring.
• Squeeze the juice of the lemon and orange into two separate petri dishes.
• Pour a little vinegar and dissolved tart flavouring into two separate petri dishes.
• Ask the students, one by one, to taste a drop of the edible acids.
• Repeat the activity until all the students have tasted at least one of the acids.
• Test each acid using litmus paper.
• Show that it turns red; the stronger the acid, the more red will be the colour 

of the litmus paper.
• Discuss their observations.
• Investigate the properties of acids.
• Discuss organic and inorganic, dilute and concentrated, acids.

Summing up (5 minutes)
• Recap what an acid is.
• Recall the physical and chemical properties of acids.
• Review the uses of acid.

Homework
Ask the students to write answers to exercises 1, 4, 7, and 8.
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LESSON 2 1 period
Motivational activity (5 minutes)
Ask the following questions to start the discussion.
• Have you ever used stain remover to remove stains from clothes and other 

materials?
• Have you used a laxative if you suffered from constipation?
• Did you use soap before coming to the school?

Developmental activity (10 minutes)
Pages 64 to 65, 68 to 69, and 71 to 72
Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain what is meant by bases and pH. Describe the characteristics of bases. 
Explain that bases often feel soapy when rubbed, and they taste bitter. They 
produce OH- ions in aqueous solutions. They turn red litmus paper blue. Their 
aqueous solutions can conduct an electric current.
Explain that they react with acids to form salts and water. List some examples 
such as detergents, soap, lye (NaOH), and household ammonia and ask the 
students to predict, based on their familiarity with these substances, whether they 
are acids, bases, or neutral. Explain what is meant by a pH indicator. Discuss the 
range of basicity of alkalis. Investigate the uses of alkalis based on the students’ 
existing knowledge.

Group activities (10 minutes)
• The purple cabbage juice is the indicator used in this activity. Describe how 

the colour of the juice changes in response to pH. Demonstrate to the students 
how to use pH paper.

• Cut and heat the purple cabbage leaves in a little water using a china dish on 
a spirit lamp.

• Allow the cabbage to cool.
• Press the leaves on a filter paper to absorb the juice.
• Once the filter paper is completely coloured, allow it to dry and then cut it into 

strips.
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• Distribute these strips to the students and give them different acids and bases 
(diluted ammonia, laundry detergent, milk, vinegar, water, soft drinks, and 
lemon juice) and ask them to use the strips to determine the pH of each.

• Keeping in view the pH, determine whether the given liquid was an acid or 
base.

Summing up (5 minutes)
• Recap what an alkali is.
• Recall the physical and chemical properties of alkalis.
• Review the uses of alkalis.

Homework
Ask the students to write answers to exercises 2, 5, 10, and 11 in their notebooks.

LESSON 3 1 period
Motivational activity (5 minutes)
Ask these questions to start the discussion.
• What is a salt?
• What is the chemical formula of table salt?
• What does it taste like?
• What is salt used for?
• What happens when an acid reacts with a salt?

Developmental activity (10 minutes)
Pages 65 to 66 and 60 to 71
Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain what is meant by a salt. Describe the characteristics associated with 
salts. List different salts they know about. The teacher can add to the list. Discuss 
different methods of salt preparation. Investigate the uses of salt.
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Explain that an acid-base indicator is a weak acid or a weak base. An indicator 
changes colour over a range of hydrogen ion concentrations. This range is termed 
the colour change interval. It is expressed as a pH range. Explain that weak acids 
are titrated in the presence of indicators which change under slightly alkaline 
conditions. Explain that this is called neutralization. Weak bases should be titrated 
in the presence of indicators which change under slightly acidic conditions. 
Describe some common acid-base indicators. List some of them like methyl 
yellow, methyl orange, and phenolphthalein. Explain what is meant by a pH 
indicator.

Group activities (10 minutes)
• Refer to the activity on page 70 of the textbook.
• Ask the students to complete it either individually or in groups after discussion.

Summing up (5 minutes)
• Recap what a salt is.
• Recall the physical and chemical properties of salts.
• Review the uses of salts.
• Review the role of indicators in determining the acidity and basicity of acids 

or bases.
• Ask students to complete exercises 12 and 13 to review the lesson.

Homework
Ask the students to write answers to exercises 3, 6, and 9.
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Force and pressure
Teaching objectives
• to define the term pressure
• to identify the unit of measurement for pressure
• to explain hydraulics and a hydraulic system by giving examples
• to explain how gases behave under pressure
• to describe the causes of pressure exerted by a gas in a container
• to explain how aerosols work
• to identify the application of gas pressure
• to define the term atmospheric pressure

Key vocabulary
plank, exert, thistle funnel, atmospheric pressure, density, acceleration due to 
gravity, rubber sucker, siphon, dispense, deodorant, insecticide, equilibrium, 
barometer, force pump, lift pump

Materials required
• a white/black board
• chalk/marker
• bent tubes (siphon)
• beakers
• straws
• water
• a can with 3 holes at different heights
• a few rubber suckers

7
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• a few flat-bottomed bowls
• wooden or plastic blocks
• some empty bottles
• a syringe with the needle removed for safety

LESSON 1 1 period
Motivational activity (5 minutes)
For this unit, it would be helpful if an excursion to a beach or a river could be 
arranged. Students will find it a fun exercise.
Ask the following questions:
• Do your feet sink in the sand? Why do you think this happens?
• Why do camels have broad feet?
• Why does a sharp knife cut easily?
• Why is it easy to pierce something with a sharp needle?

Developmental activity (10 minutes)
Pages 77 to 81
• Ask students to read the text on pages 77 to 81 of the textbook.
• Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that pressure is a push or force against a surface. Explain that force and 
pressure are two different concepts though they are sometimes considered to 
be the same.

Differentiate between the two by giving the example of the pressure felt in water. 
As one goes deeper into a pool or river or the sea, change occurs. When we 
enter deeper water, we feel increased pressure on the eardrums. This is due to 
hydrostatic pressure. It is the force per unit of area exerted by a liquid on an 
object. (Pressure = Force/Area). Discuss its units of measurement.

Relate pressure to force and area, using examples from daily life and explain 
that increasing the force will increase the pressure, and increasing the area 
under the same force would decrease the pressure.
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Conclude that pressure in a liquid varies with depth and also varies if the density 
of the liquid at a given depth is different. Solve problems using the formula

P = dhg. Discuss how liquids and gases exert pressure in all directions, but solids 
exert pressure in a downward direction only.

Group activity (10 minutes)
• Divide the students into groups of 6.
•  Give each group 5 litres of water, a can with three holes at different heights 

fitted with corks, and a small tub.
Give the students the following instructions:
• Place the can in the tub.
• Fill the can with water.
• Remove the corks, one at a time.
•  Observe the flow of water from the holes. From which hole did the water 

come out with the highest pressure and from which hole did it come out with 
the lowest pressure?

• What does this show?
• Discuss the effect of height on the pressure exerted by a liquid.

Summing up (5 minutes)
• Recap the meanings of force and pressure.
• Recall the difference between force and pressure.
• Review the examples pertaining to the above.
• Revise the formulae for calculating force and pressure.
• Recall the working of hydraulic systems.
• Recap the working of a U-tube manometer.

Homework
Ask the students to complete exercises 1 to 11 at home.
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LESSON 2 1 period
Motivational activity (5 minutes)
The following activities will help start the lesson.
•  Give each student a straw to drink juice through. Ask them to observe how 

the liquid is drawn up into the mouth.
•  Use rubber suckers to fix different things on a wall or a piece of glass on a 

table. Ask the students to observe how this happens.
•  Demonstrate how a syringe works; let the students pull or push the plunger. 

Discuss how much force is required to pull and push it.

Developmental activity (10 minutes)
Pages 82 to 83
Ask the students to say whether they have observed the following:
•  Bicycle tyres are compressed a little when the bicycle is ridden but regain 

their shape when it is not in use.
•  In cold temperatures, balloons deflate a little, but once the temperature rises 

the balloons appear full again.
•  During the winter a football deflates quickly, but in summer it remains inflated 

longer.
Ask the student to read pages 82 to 83 of the textbook. Encourage the students 
to use the glossary to understand the text.

Teacher’s input (10 minutes)
Discuss how liquid is drawn up or flows down a straw. Explain the reason for this.
Explain the behaviour of gases under pressure and temperature. Use the 
example of the can that is heated and cooled immediately, resulting in a deformed 
shape.
Discuss the bouncing of a kettle’s lid when steam is produced inside. Explain 
the relationship between volume, pressure, and temperature. In studying these 
relationships explain Boyle’s Law and Charles’s Law.

Group activities (10 minutes)
• Divide the students into groups of six.
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• Give each group a flat-bottomed bowl, an empty plastic bottle, and some water.
• Give the students the following instructions:

o Half fill the bowl with water.
o Fill the bottle with water.
o Immerse the water-filled bottle in the bowl so that its open end is under 

the water.
o Lift the bottle so that its neck remains under the water.
o Observe what happens to the water in the bottle.
o Lift the bottle a little more so that its neck comes out of the water.
o Observe what happens to the water in the bottle.

• Discuss the students’ observations and the effect of pressure on the flow of 
water.

Summing up (5 minutes)
• Recall the behaviour of gases under pressure and temperature.
• Review some examples from daily life.

Homework
Ask the students to read pages 82 to 83 of the textbook and write answers to 
exercises 12 to 16 in their notebooks.

LESSON 3 1 period
Motivational activity (5 minutes)
The following questions will help start the lesson.
• Do you use deodorant sprays?
• Do you spray insecticides in your house?
• What is the difference between a simple spray and an aerosol?
• Have you used a hand pump to draw water?
• How does it work?
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Developmental activity (10 minutes)
Pages 84 to 87
• Ask the students to read pages 84 to 87 of the textbook.
• Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain how aerosols work. Explain that atmospheric pressure is the weight of 
the air resting on Earth’s surface. Gravity pulls the atmosphere towards the 
ground, so the pressure is greater nearer to the surface. Explain that there is a 
pressure gradient in the atmosphere—the higher we go, the more the pressure 
falls.
Explain that atmospheric pressure is measured by an instrument called a 
barometer and the units are called millibars.
Explain that a barometer works by balancing the weight of mercury in the glass 
tube against the atmospheric pressure. If the weight of mercury is less than the 
atmospheric pressure, the level of the mercury in the glass tube rises. If the 
weight of mercury is more than the atmospheric pressure, the level of the 
mercury falls.
Discuss units of measuring pressure and their conversion. Explain how a lift 
pump and a force pump works.

Group activities (10 minutes)
• Divide the students into groups of six.
• Give each group two beakers, a bent tube, water, and a wooden or plastic block.
• Give the students the following instructions.

o Fill one beaker with water.
o Place it on the block.
o Place the empty beaker near the block.
o Put one end of the bent tube (siphon) in the water-filled beaker and the 

other in the empty beaker.
o Observe.

• Discuss the students’ observations and the effect of atmospheric pressure 
on the flow of a liquid.
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Summing up (5 minutes)
• Recap the principle by which aerosols work.
• Recall atmospheric pressure.
• Review how pressure and atmospheric pressure are measured.
• Revise the principles of how a siphon, force pump, and lift pump work.
• Do exercise 22 to review the whole lesson.

Homework
Ask the students to read pages 84 to 87 of the textbook and write answers to 
exercises 17 to 21 in their notebooks.
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83

Electricity in action
Teaching objectives
• to design an experiment to generate electricity
• to explain how a generator works
• to identify simple devices that generate electricity in daily life
• to draw a plan of a power station and explain how it works
• to list types of energy used in power stations
• to identify problems involved in generating electricity
• to identify the basic components of an electronic system
• to list the components required to convert A.C. to D.C.
•  to state how output components in various devices are used in schools and 

other places

Key vocabulary
device, brine, cartridge, electrochemistry, solenoid, crank, AC and DC current, 
corrosion resistant, hydroelectricity, wind turbine, rotor, shaft, dynamo, emission, 
biomass, geothermal power, photovoltaic cell, diode, analogue, digital, amplifier, 
oscillator, rectifier

Materials required
• white/black board
• marker/chalk
• battery cells
• copper wire
• small bulb
• magnet
• an old radio

8
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• beaker
• copper/aluminum plates
• plate holder
• battery cell holder
• brine

LESSON 1  1 period
Motivational activity (5 minutes)
Ask these questions to start the lesson.
• How often does load-shedding occur in the area where you live?
• What alternative methods do you use to produce electricity?
• How is electricity generated?

Developmental activity (10 minutes)
Pages 91 to 94
• Ask the students to look at the figure on page 91 of the textbook and discuss 

power generation.
• Give them time to read pages 91 and 94.
• Encourage the students to use the glossary to understand the text.

Teachers input (10 minutes)
Explain that electricity is produced on a large scale using a method much like 
that explained in the figure on page 91.
Discuss the common methods of rotating a crank and the role the magnet plays 
in moving the crank.
Investigate the importance of sunlight, water, coal, diesel, and wind in power 
generation.
Bring two old battery cells to the lesson, cut one length-wise to show its inner 
parts. Discuss how electricity is produced by the three important parts of a dry 
battery cell, i.e. the anode, the cathode, and the chemicals.
Define and explain electrochemistry. Discuss electroplating.
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Group activity (10 minutes)
• Divide the students into groups of four.
• Distribute activity materials to each group.
• Help them do the activity given on page 92.

Summing up (5 minutes)
• Recap the flow, path, and generation of electricity.
• Review the common methods of rotating a crank.
• Recall the simple devices that generate electricity in daily life.

Homework
Ask the students to read pages 91 to 94 and answer questions 1 to 4 in their 
notebooks.

LESSON 2  1 period
Motivational activity (5 minutes)
Ask these questions to start the lesson.
• What turns a crank?
• What energy sources are used to generate electricity?
• Which of these energy sources are sustainable?
• Why are some energy sources used more than others?

Developmental activity (10 minutes)
Pages 94 to 102
• Read pages 94 to 102 of the textbook.
• Encourage the students to use the glossary to understand the text.

Teacher’s input (8 minutes)
Ask the students to list the ways to generate power—coal, oil, gas, hydroelectric, 
geothermal, nuclear, solar, and wind.
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Continue by explaining the economic, environmental, and physical advantages 
and disadvantages of these sources. Describe the processes involved in using 
hydro, nuclear, solar, biomass, wind, geothermal, and coal powered generators.
Identify the machines that use turbine generators to produce power. Compare 
the efficiency of each method. Discuss how power could be generated more 
efficiently. Debate whether there could be small neighbourhood power generating 
units.
Ask if they have seen solar panels. Discuss the use of solar energy to generate 
electricity, especially in countries where sunlight is available throughout the year.
Discuss wind turbines and their components. Explain how they produce power.
Ask the students if they have seen a bicycle dynamo. Explain how it works.
Investigate the problems of power generation. Discuss the design and working 
of a typical power station.

Group activities (12 minutes)
• Divide the students into groups of five.
•  Ask each group to research one of the power-production methods keeping 

in view its economic and environmental advantages and disadvantages and 
cost in terms of infrastructure. Give them 5 minutes to list their points.

• One member of each group should present its findings on the given topic.
•  When all presentations have been made discuss the pros and cons of each 

method.
•  Ask the students to vote for the most suitable method of producing electricity 

in Pakistan, given the available resources.

Summing up (5 minutes)
• Recap the different methods of power generation.
• Review the advantages and disadvantage of each.
• Recall the problems of electricity generation.

Homework
Ask the students to read pages 94 to 102 and answer exercises 5 to 13 in their 
notebooks.
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LESSON 3 1 period
Motivational activity (5 minutes)
Ask the following questions to start the lesson.
• Do you have a cell phone, MP3 player, or video games?
• What happens when you push the play button on your MP3 player or the call 

button on your cell phone?
• What happens when you push the cursor on your video game?
• What is an amplifier and what is a microphone?
• How do televisions, computers, and DVD players work?
• What is common in them?

Developmental activity (10 minutes)
Pages 102 to 105
• Ask the students to read pages 102 to 105 of the textbook.
• Ask the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Discuss everyday examples of electronics. Explain transistors and digital 
electronics. Differentiate between active and passive electronic components. 
Explain the application of these components.
Investigate the role of electronics in telecommunication. Describe a printed circuit 
board (PCB). Explain analogue and digital signals. Discuss how they differ from 
each other.
Define and explain direct current (DC) and alternate current (AC). Discuss the 
ways to convert AC to DC.
Investigate the uses of electronic output components in our daily life.

Group activities (10 minutes)
• Divide the students into two groups.
• Give each group an old radio, the casing of which has been removed.
• Ask each group to identify the various electronic components.
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Summing up (5 minutes)
• Recap the definitions of electronics and electronic components.
• Review the electronic devices and systems around them.
• Recall electronic and digital signals and the difference between AC and DC.
• Do exercise 17 to review the lesson.

Homework
Ask the students to read pages 102 to 105 and answer exercises 14 to 16 in 
their notebooks.
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Sources and effects of heat energy
Teaching objectives
• to identify the sources and effects of heat
• to explain thermal expansion and contraction of solids, liquids, and gases
• t o explore the effects and applications of the expansion and contraction of solids
• to identify the uses of expansion and contraction of liquids
• to explain the peculiar behaviour of water during contraction and expansion
• to investigate processes making use of thermal expansion of substances
•  to identify damages caused by expansion and contraction and suggest ways 

to reduce them
•  to investigate the means used by scientist and engineers to overcome the 

problems of expansion and contraction in everyday life
• to explain how a thermometer works

Key vocabulary
thermal expansion, radiator, coolant, viscosity, bimetallic strip

Materials required
• board
• marker/chalk
• spirit lamp
• tripod stand
• beaker
• water
• test-tube
• ice cube
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• glass of water
• hot water pot
• test tube holder
• oil
• small pan
• clean jam jar
• brass ring and ball apparatus

LESSON 1 1 period
Motivational activity (5 minutes)
Ask these questions to start the lesson.
• What is the largest source of light and heat energy?
• Can you name other sources of heat energy?
• How do we use heat energy in our daily lives?
• What are the effects of heat energy?

Developmental activity (10 minutes)
Pages 110 to 115
• Ask the students to read pages 110 to 115 of the textbook.
• Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Identify the various sources of heat. Ask how people living in cold climates keep 
warm. Discuss different heating systems.
Describe the flow chart on page 112 and explain how heat energy is converted 
into other forms of energy, and how other forms of energy are converted into heat 
energy.
Point out the effects of thermal expansion. Give examples and discuss in turn the 
effect of heat on solids, liquids, and gases. Explain the movement of the molecules 
and atoms in each case.
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Group activities (10 minutes)
• Divide the students into four groups.
•  Give group 1 a glass of water and an ice cube. Ask the group to perform the 

activity given on page 111.
•  Give group 2 a clean jam jar and a pot of hot water. Ask the group to perform 

the activity given on page 113.
•  Give group 3 a spirit lamp, tripod stand, and a small metal pan. Pour a teaspoon 

of oil in the pan. Ask the group to perform the activity given on page 114.
•  Give group 4 a spirit lamp, tripod stand, beaker of water, test tube with one bore 

cork, straw, and a test tube holder. Ask the group to perform the activity given 
on page 115.

•  Ask each group to choose a spokesperson to describe their findings to the rest 
of the class.

Summing up (5 minutes)
• Recap the sources of heat.
• Recall the forms of heat energy, its uses, and effects.
• Revise the effects of thermal expansion.

Homework
Ask the students to read pages 110 to 115 and answer exercises 1 to 5 in their 
notebooks.

LESSON 2 1 period
Motivational activity (5 minutes)
Ask these questions to start the lesson.
• Why do cracks appear in roads?
• Why are there gaps in bridges?
• Why are there gaps in railway tracks?
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Developmental activity (10 minutes)
Pages 115 to 120
• Ask the students to read pages 115 to 120 of the textbook.
• Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that the expansion and contraction of materials is taken into consideration 
when bridges, roads, and railway tracks are built.
Explain that the phenomenon of thermal expansion is used in fitting parts over one 
another. Explain that it is common in industrial processes to pre-heat metal parts, 
causing them to expand to enable the fitting or removal of them.
Explain that some alloys with very small linear expansion coefficients are used 
in different machines, including aerospace machines, where great temperature 
changes take place.
Discuss the examples of heat-induced expansion in metal-framed windows, rubber 
tyres, heating pipes, railway tracks, and bridges which need expansion joints. 
Explain why power lines droop on hot days but are taut in cold weather.
Explain how expansion joints absorb the thermal expansion in a piping system. 
Discuss the unusual behaviour of water on heating and cooling.

Group activities (10 minutes)
• Divide the students into groups of six.
• Give each group a ring and ball, and a spirit lamp
• Ask them to fit the ball in the ring at room temperature and observe.
•  Now ask them to heat the ball and fit it in the ring again. They should record 

their observations.
Explain that at room temperature the brass ball will fit through the ring without 
difficulty; on heating, the ball expands and, although the expansion is not visible, it 
no longer fits through the ring.

Summing up (5 minutes)
• Recap the effects of heat on solids, liquids, and gases.
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•  Review the consideration of thermal expansion in building bridges, railway 
tracks, roads, etc.

• Revise the application of thermal expansion in industry.

Homework
Ask the students to read pages 115 to 120 and answer exercises 6 to 13 in their 
notebooks.

LESSON 3 1 period
Motivational activity (5 minutes)
Ask these questions to start the lesson.
• What is temperature?
• Can we measure temperature?
• What instrument is used to measure temperature?
• How do you know if you have a fever?
• What do you use to measure your temperature?

Developmental activity (10 minutes)
Pages 120 to 130
• Ask the students to read pages 120 to 123 of the textbook.
• Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Define temperature as the degree of hotness and coldness inside an object, or 
as a measure of the amount of heat possessed by the object. Explain that the 
temperature of a body is related to its size or volume.
Explain that heat is hot, but temperature can be cold or hot. Describe that the 
sensations of hot and cold are felt due to something leaving or entering a hot or 
cold object.
Demonstrate how thermal energy transfers can be measured by changes in 
temperature. Explain that thermometers are one of the several applications of 
thermal expansion.
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Explain that thermometers usually contain a liquid which may be mercury or alcohol. 
Describe the construction of a typical thermometer and explain that the liquid in the 
capillary tube of the thermometer only flows in one direction. The change in volume 
represents the change in temperature.
Discuss different kinds of thermometer such as clinical, alcohol, minimum and 
maximum, and Six’s thermometer. Explain that there are different units to measure 
temperature. Explain absolute, and the Fahrenheit, Celsius and Kelvin scales, the 
uses of these scales, and how to convert from one to another.

Group activities (10 minutes)
• Divide the students into groups of five.
• Give each group a clinical thermometer.
•  Demonstrate how to measure body temperature by placing the thermometer 

in the armpit.
•  Ask the groups to check the temperature of each member and note it as 

shown on both the scales given on the thermometer.
• Discuss the differences between the scales.

Summing up (5 minutes)
• Recall the instruments used to measure temperature.
• Recap the Fahrenheit, Centigrade, and Kelvin scales.
• Revise Celsius, absolute, maximum and minimum, and Six’s thermometer.
• Do exercise 19 to review the whole lesson.

Homework
Ask the students to read pages 120 to 123. and answer exercises 14 to 18 in their 
notebooks.
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Lenses
Teaching objectives
• to define lenses
• to differentiate between different types of lens
• to explain using a ray diagram the formation of an image by a lens
• to compare and contrast a human eye with a camera lens
• to explain how the eye adjusts to darkness after some time
• to identify types of lenses and their uses in daily life

Key vocabulary
telescope, magnifying glass, photographic film, converging, diverging, optical 
centre, principal focus, cornea, sclera, pupil, iris, aqueous humour, ciliary body, 
image focusing, light adjustment, microscope, emmetropia, ametropia, myopia, 
presbyopia, astigmatism, hyperopia

Materials required
• board
• marker/chalk
• poster of internal structure of eye
• lenses(concave and convex)
• magnifying glass
• paper
• white art paper
• red and green paper
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LESSON 1 1 period
Motivational activity (5 minutes)
Ask the following questions to start the lesson.
• What are lenses?
• Which lenses are used in spectacles?
• Can you name other things in which lenses are used?

Developmental activity (10 minutes)
Pages 127 to 130
• Ask the students to read pages 127 to 130 of the text book.
• Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain how light passes through convex and concave lenses to form different 
images. Mention some of the uses of both types of lens.
Explain refraction which is the bending of light as it moves from one substance 
to another. Ask students for examples of where refraction takes place. Explain 
that there are different types of lenses—convex, concave, biconvex, biconcave, 
planoconvex, planoconcave, meniscus concave, and meniscus convex.
Discuss the differences between a convex and a concave lens. Explain that a 
convex lens is thicker in the middle than at the edges, and a concave lens is 
thinner in the middle than at the edge.
Explain that convex lenses refract parallel light rays so they come together, or 
converge, at a single point. This point is known as the focal point. The distance 
from the centre of a lens to the focal point is known as the focal length.
Explain the terms real image and virtual image. Explain that an image which can 
be seen without actually looking through the lens is known as a real image. When 
held close to objects, a lens produces an image known as a virtual image. To 
see a virtual image you must look through the lens. Explain that concave lenses 
refract the rays, so they diverge. This kind of lens forms a virtual image. Discuss 
further their uses in cameras, spectacles, telescopes, and microscopes.

Group activities (10 minutes)
• Divide the students into four groups.
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• Give each group a magnifying glass and a sheet of paper.
• Ask the students to follow the procedure given in the activity on page 129.

Summing up (5 minutes)
• Recap what lenses are.
• Recall the different kinds of lenses.
• Review image formation through lenses from different distances.
• Do exercise number 18 to review image formation.

Homework
Ask the students to read pages 127 to 130 and answer exercises 1 to 6 in their 
notebooks.

LESSON 2 1 period
Motivational activity (5 minutes)
Ask the following questions to start the lesson.
• Can you name different parts of the eye?
• How many of you have used a camera?
• How is a camera similar to the human eye? What are the similarities and 

differences?

Developmental activity (10 minutes)
Pages 131 to 133
• Ask the students to read pages 131 to 133 of the textbook.
• Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that the eye is like a camera; light enters the eye through a small hole 
called the pupil and is focused on the retina, which is like the film in a camera. 
The eye also has a focusing lens, which focuses images from different distances 
onto the retina. Explain that the coloured ring of the eye is the iris which controls 
the amount of light entering the eye. It closes when the light is bright, and opens 
when the light is dim.
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Explain that the white part of the eye is called the sclera. Explain that light enters 
the eye and reaches the cornea. The ciliary muscles in the ciliary body control 
the automatic focusing of the lens. The choroid forms the vascular layer of the 
eye supplying nutrition to the eye structures.
Explain that the image formed on the retina is transmitted to the brain by the 
optic nerve and is then perceived by the brain. The space between the lens and 
the retina is filled by the vitreous humour. The lens, iris, and cornea are supplied 
a clear fluid, the aqueous humour, formed by the ciliary body between the lens 
and cornea. The delicate balance of aqueous production and absorption controls 
the pressure within the eye.
Continue by discussing the function of the camera. Explain that light which is 
reflected from an object enters the camera and passes through the convex lens 
that captures the image upside down. The lens focuses the light to form an 
image. When the button of the camera is pressed, the shutter opens so the light 
from the object travels to the back of the camera where it is received on the 
photographic film or, in a modern digital camera, the chip. The image is recorded 
chemically in pinhole cameras and electronically in the form of pixels in digital 
cameras.

Group activities (10 minutes)
Ask the students to work in pairs to do the following activity.
• Cut two small circles of red and green paper and place them side by side on 

a 15 cm square sheet of art paper.
• Look at the sheet for one minute.
• Now remove the two circles.
• Ask the students to say where the red circle was and where the green circle 

was.
It will be found that most of the students see red where it was green, and green 
where it was red. Explain why there are three types of cones in the retina which 
are sensitive to the primary colours. After staring at red for a while, the red-
sensitive cones become less sensitive, so when the white paper which contains 
all seven colours, is seen, the pigments of the retina which were broken by 
staring at red are unable to see red. The same thing happens with green. The 
brain sends the message of an image of lighter green in place of red and lighter 
red in place of green.

Summing up (5 minutes)
• Recap the structure and function of the human eye.
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• Recall the structure and function of a camera.
• Review the similarities and differences between them.
• Do exercise 17 to revise the structure of human eye.

Homework
Ask the students to read pages 132 to 133 and answer exercises 7 to 10 in their 
notebooks.

LESSON 3 1 period
Motivational activity (5 minutes)
Ask the following questions to start the lesson.
• What are microscopes?
• What are telescopes?
• How many of you or members of your family suffer from short sight or long 

sight?
• What is astigmatism?
• How are eyesight problems corrected?

Developmental activity (10 minutes)
Pages 134 to 138
• Read pages 134 to 138 of the textbook.
• Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Students should already know something about the camera. Recall the main 
features of a camera.
Explain that the studies of biology and astronomy became easier following the 
invention of the microscope and telescope. Explain that both instruments use 
lenses to work.
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Explain that shortsight is the inability to see distant objects clearly. This happens 
when a person’s eyeball is long which causes light to focus in front of the retina. 
To correct this, a person must either wear glasses or reshape the cornea by 
surgery to make it flatter so that light travels through the lens and focuses 
correctly on the retina.
Explain that longsight is the inability to see clearly objects which are close. This 
happens when a person’s eyeball is short and the cornea is too flat, causing light 
to focus behind the retina. To correct this, a person must either wear glasses 
that cause the light to focus nearer, or reshape the cornea to be more rounded 
so that light focuses correctly on the retina.
Differentiate astigmatism from short and long sight by explaining that if a person’s 
cornea is not evenly round, light focuses at different distances inside the eye. 
When looking at an object, some parts may be in focus, while other parts are 
blurry. To correct this problem the cornea must be reshaped to be more spherical, 
so as to correctly focus light on the retina.
Then explain other problems of the eye as given in the textbook, and also the 
use of contact lenses. Explain the different terms used in the textbook.

Group activities (10 minutes)
• Bring a microscope to the lesson.
• Make a slide by cutting out an eye drawn on paper and place it on the slide 

face up.
• Add a drop of water to the slide.
• Place the cover slip on top of the drawing of the eye.
• Place the slide on the stage.
• Ask the students to take turns to view it using a low power of magnification.
• Ask them to bring a drawing paper and pencil with them and draw what they 

see.
• Move the slide to the left and right, and up and down, and observe what 

happens.
• Now view the slide under high power and draw what is seen.
Discuss how the appearance of the drawing differs when seen without a 
microscope, when moved, under different powers, and at different angles. 
Explain why a specimen placed under the microscope has to be thin.



1

Unit 

118

10



1119

Summing up (5 minutes)
• Recap the use of lenses in microscopes and telescopes.
• Recall eyesight problems.
• Review the corrective measures to deal with eyesight problems.
• Do exercise 16 to review the lesson.

Homework
Ask the students to read pages 134 to 138 and answer exercises 11 to 15 in 
their notebooks.
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Measurement of physical quantities
Teaching objectives
• to define physical quantities with examples
• to apply the prefixes milli-, kilo-, centi-, and interpret the units
• to interconvert smaller and larger units
• to select and use measuring instruments correctly
• to interpret SI units in daily life
• to investigate why it is desirable for scientists to use SI units in their work
• to measure the volume of a liquid by reading the correct meniscus

Key vocabulary
weather forecast, systeme international de unit, clumsy, platinum-iridium, 
accuracy, vertically, Vernier caliper, outer dimension, micrometer screw gauge, 
auxiliary scale, rotary thimble, displacement can, measuring cylinder, pipette, 
measuring flask, meniscus, inertia, kilosecond, millisecond, microsecond, 
oscillation, quartz crystal, pendulum

Materials required
• board
• chalk/marker
• chart to display SI units for measuring
• a sheet
• a 12 inch scale
• a measuring cylinder
• an irregularly-shaped stone
• some water
• a displacement can
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• some string
• a stop watch
• calendar
• clock
• pendulum clock
• digital watch
• tape measure

LESSON 1 1 period
Motivational activity (5 minutes)
Ask the following questions to start the lesson.
• Do you go shopping?
• How do you ask the shopkeeper for meat, milk, or cloth?
• How far can you throw a javelin?

Developmental activity (10 minutes)
Pages 143 to 146
• Ask the students to read pages 143 to 146 of the textbook.
• Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Discuss how measurement is required in our daily lives as well as for scientific 
research and experiments. Explain the different units used to measure solids, 
liquids, and gases.
Refer to the chart displayed on the soft board of the classroom and explain the 
use of different units for different quantities. Show the students a ruler, a tape 
measure, and a scale. Ask what these are used for. Measure to the nearest cm, 
the length, width, or height of any object.
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Show the Vernier caliper. Show each part of this instrument and how it is used. 
Measure a cylinder to demonstrate.
Now show the screw gauge. Explain all its parts. Demonstrate how to measure 
a metal ball with the instrument. Differentiate between the uses of the screw 
gauge and the Vernier caliper.

Group activities (10 minutes)
• Ask for four volunteers.
•  Two students should measure the length of the classroom with a tape 

measure and the other two should measure the width. The rest of the 
students can watch or take turns to measure.

• Refer to the activity on page 143.

Summing up (5 minutes)
• Recap the units used to measure different physical quantities.
• Recall the tools used for measuring length, height, and width.
• Review the use and function of the Vernier caliper.
• Review the use and function of a screw gauge.

Homework
Ask the students to read pages 143 to 146 and answer exercises 1 to 9 in their 
notebooks.

LESSON 2 1 period
Motivational activity (5 minutes)
Ask the following questions to start the lesson.
• Do you buy drinks?
• What is the quantity written on the can or bottle?
• How much water do you drink in a day?
• What quantity do health experts recommend?
• How much rain fell in your area last year?
• How do you know?
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Developmental activity (10 minutes)
Pages 147 to 153
• Ask the students to read pages 147 to 153 of the text book.
• Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Describe the ways to measure the volume of different things. Explain the use of 
measuring cylinders, flasks, and displacement cans. Discuss the use of the 
pipette and burette.
Explain what a meniscus is. Discuss its role in recording accurate readings. Show 
the students the formula to measure area. Use different measurements of length 
and width to calculate areas. Refer back to the activity of lesson 1 and use those 
readings to calculate the area of their classroom.
Discuss the table on page 150 which displays the calculations of the areas of 
different shaped things. Then discuss the table which shows the prefixes for the 
multiples and submultiples of different units.
Define mass, inertia, and density, explain their relationship, measuring 
techniques, tools and units.
Explain how to convert gram into kilograms and vice versa. Distinguish mass 
from weight. Refer to the table on page 152. Solve some examples of calculating 
mass and weight. Ask the students to calculate their body masses by using their 
weights.

Group activities (10 minutes)
• Divide the students into three groups.
•  Refer to measuring the volume of an irregularly-shaped solid as given on 

pages 147 and 148.
•  Distribute the materials required for the activity and ask each group to follow 

the instructions.

Summing up (5 minutes)
•  Recap the use of different measuring flasks and displacement cans to find 

the volume of liquids and irregularly-shaped objects.
• Recall the importance of the meniscus in taking readings.
• Review the definitions of mass, inertia, density, and weight.
• Recall the ways to calculate an unknown mass and density.
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Homework
Ask the students to read pages 147 to 153 and answer exercises 10 to 14 in 
their notebooks.

LESSON 3  1 period
Motivational activity (5 minutes)
Ask the following questions to start the lesson.
• Have you travelled to other cities?
• How far is the nearest town from your city?
• How long does it take to reach there?
• Do you watch the weather forecast on television or listen to it on FM?
•  What was the highest temperature and what was the lowest temperature in 

your town last week?

Developmental activity (10 minutes)
Pages 153 to 156
• Ask the students to read pages 153 to 156 of the textbook.
• Encourage the students to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that time is a relative quantity. Discuss how time was measured in earlier 
times. Describe different kinds of watches and clocks used to measure time.
Explain standard time, decimal time, and metric time. Discuss multiples and 
submultiples of time (seconds, minutes, hours). Discuss oscillation, quartz crystal, 
and pendulum.
Describe the ways in which temperature can be measured. Discuss all the scales 
used to measure temperature. Explain the importance and uses of each of them. 
Discuss the conversion and comparison tables of temperature scales on pages 
154 and 155.
Discuss how we interpret SI units in our daily lives. Refer to media reports, 
weather forecasts, current measurement, temperature measurement, navigation 
systems, medicine doses, packaging, labelling, etc. Explain why it is very 
important for scientists to record their findings in SI units.
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Group activities (8 minutes)
• Divide the students into three groups and hand one stop watch to each group.
•  Push the start button on the stop watch when a student starts walking from 

the back of the classroom to the board.
• Push the stop button again when the student reaches the board.
• Note in seconds the time taken to cover this distance.
• Encourage students to think of other actions which may take a few seconds.
• Choose one of them to do the action and ask the others to note the time.

Summing up (7 minutes)
•  Recap the importance of calculations for time and its measuring units, 

multiples, and submultiples.
•  Recall different kinds of watches and clocks in use, and the reasons for their 

uses.
•  Review the temperature scales and their importance, conversion, and 

comparison.
•  Recall the interpretation of SI units in our daily lives and their importance for 

the scientists.
• Do exercise 17 to review the whole lesson.

Homework
Ask the students to read pages 153 to 156 and answer exercises 15 and 16 in 
their notebooks.
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Space exploration
Teaching objectives
•  to describe the development of the tools and technologies used in space 

exploration
• to analyze the benefits generated by space technology
• to explain how astronauts survive and carry out research in space
•  to suggest ways to solve the problems that have resulted from space 

exploration
• to identify the technological tools used in space exploration
•  to identify new technologies used on Earth that have developed as a result 

of the development of space technology
•  to design a space craft and explain the key features of its design that make 

it suitable as a spacecraft

Key vocabulary
black hole, dark matter, satellite, space probe, microgravity, cosmos, air pocket, 
astronaut, astronomy, spacecraft, space capsule, space rocket, asteroid, miniature 
electronic component

Materials required
• board
• chalk/marker

LESSON 1 1 period
Motivational activity (5 minutes)
Ask these questions to start the lesson.
• Why did the Soviet Union launch the Sputnik?
• When did the first man land on the Moon?
• Would you accept the offer of a ride on the Space Shuttle?
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Developmental activity (10 minutes)
Pages 160 to 162
• Ask the students to read pages 160 to 162 of the textbook.
• Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that astronomy is one of the oldest sciences in the world. Space has 
been studied for thousands of years. Human beings are fascinated by space and 
astronomy. It is important for students to learn about astronomy and space so 
they understand that the universe is a large place with many wonders. Discuss 
the important events that led up to the current space program.
Describe how space exploration began and discuss some significant events in 
the history of space exploration.
Discuss the need for a space station. Explain how astronauts get to the station 
and then back to Earth. Discuss the orbital telescope, spectrometer, and 
spacecraft.

Group activities (10 minutes)
• Discuss why people want to go into space.
• Debate whether human space exploration should be replaced with robotic 

missions.
• Give reasons why humans should have a presence in space.

Summing up (5 minutes)
• Recap the study of astronomy.
• Recall the different attempts to explore space.
• Review the uses and benefits of the orbital telescope, spectrometer, and 

spacecraft.

Homework
Ask the students to read pages 160 to 162 and answer exercises 1 to 8 in their 
notebooks.
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LESSON 2 1 period
Motivational activity (5 minutes)
Ask these questions to start the lesson.
•	 How do aeroplanes, ships, and car drivers find their way?
•	 How does wireless communication work?
•	 How do fishermen know that there will be a storm?
•	 How has space exploration helped us to deal with natural calamities?

Developmental activity (10 minutes)

Pages 163 to 165
•	 Ask the students to read pages 163 to 165 of the textbook.
• Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Discuss the benefits which could result from private industry’s participation in the 
commercialization of space. Explain how space travel has affected people’s lives.
Discuss the impact of space exploration in the fields of navigation, communication, 
weather forecasting, and electronics. Discuss why satellites make it easier to 
predict natural calamities such as floods, tornadoes, and hurricanes, and to 
locate wild fires and assess their extent.
Explain that minerals buried deep under the Earth’s surface can be located using 
satellites. Precious fossil fuels can be found with the help of satellites.
Explain that we know about the drifts of thousands of asteroids and take 
precautions to be safe from an asteroid strike.
Discuss the benefits of space exploration in the fields of medicine and surgical 
instruments.

Group activities (10 minutes)
•	 Divide the students into four groups.
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•	 Ask them to jot down points showing how television and computer technology 
have improved due to space exploration, how navigation helps us, and how 
weather forecasts are produced.

•	 Each group should select a speaker to present its points.

Summing up (5 minutes)
• Recap the benefits of space technology.
•  Recall the importance and application of satellites to the global navigation 

system (GNS), weather forecasting, natural calamities, and minerals and 
mining.

•  Review the benefits of space exploration in electronics and surgical 
instruments.

Homework
Ask the students to read pages 163 to 165 and answer exercises 9 to 11 in their 
notebooks.

LESSON 3 1 period
Motivational activity (5 minutes)
Ask these questions to start the lesson.
• Do you think it’s easy to travel in space?
• What difficulties does space travel involve?

Developmental activity (10 minutes)
Pages 166 to 168
•	 Ask the students to read pages 166 to 168 of the textbook.
• Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Discuss the day-to-day activities of life aboard the space station such as cooking,  
washing, brushing teeth, and sleeping.
Explore the physical properties of water and why water behaves differently in 
space from on Earth, and how space flight affects the human body and the 
senses.
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Describe how astronomers adjust back to life on Earth. Discuss how the human 
body in space immediately begins to experience a multitude of changes, and 
how it detects and responds to the dramatic environmental changes that surround 
it, particularly the lack of gravity which is the biggest challenge. Discuss the 
effects on the human organs and systems.
Explain the feeling of weightlessness which causes space motion sickness. 
Explain that there is no atmosphere; there is deadly radiation and cosmic rays, 
and huge distances. A huge amount of energy is required to escape the Earth’s 
gravity.
Explain that a lot of money is required to support and sponsor new exploration 
projects. Discuss other problems such as fuel, the speed of light limitation, the 
vast size of space and the relatively short human life. Discuss the ways scientists 
have discovered and are researching to solve these problems.

Group activities (10 minutes)
•	 Divide the students into two groups. Name one group Earth and the other 

Spacecraft.
•	 The Earth group should ask the Spacecraft group questions about their life 

in space, the problems, and difficulties and the how they overcome them.
•	 The Spacecraft group will answer these queries.

Summing up (5 minutes)
•	 Recall how astronauts survive in space.
•	 Recap the problems faced by astronauts in space.
•	 Review how these problems have been solved.

Homework
Ask the students to read pages 166 to 168 and answer exercises 12 to 14 in 
their notebooks.
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13Unit 

Chemical industries
Teaching objectives
• to identify and define different kinds of soaps and detergents
• to explain the manufacture of soaps and detergents
• to explain the uses of soaps and detergents
• to identify types of plastic, its structure, and its common uses
• to explain how plastic is manufactured
• to suggest ways to manufacture paint
• to explain the composition and uses of paints

Key vocabulary
consumer, raw material, laundry, hygiene, mould, accuracy, viscosity, 
saponification, hollow granule, agglomeration, thermoplastic, thermosetting, 
resin, pigment, additive

Materials required
•	 chalk/marker
•	 board
•	 soap (kitchen, laundry, bath, shaving, etc.)
•	 detergent
•	 paint
•	 eggs
•	 beakers
•	 watch glasses
•	 distilled water

1
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•	 plastic objects
•	 posters showing the chemical composition of soap, detergent, plastic, and 

paint

LESSON 1 1 period
Motivational activity (5 minutes)
Ask the following questions to start the lesson.
• Why is cleanliness important?
• How do you clean yourself?
• How do you clean your clothes?
• How do we clean dishes?

Developmental activity (10 minutes)
Pages 172 to 176
• Ask the students to read pages 172 to 176 of the textbook.
• Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain the properties of soap and how it surrounds grease, fat, and oil. 
Saponification is the process by which soap is made. In saponification, fats or 
hydroxides are heated which produces sodium tristearate or sodium stearate and 
glycerol. Sodium chloride is added to dissolve the glycerol.
Describe each step of saponification by writing it on the board. Write the formula 
clearly and explain step-wise the removal and addition of bonds. Discuss the 
properties of soap and its types. Also discuss the compositions of different kinds 
of soap.
Explain that a detergent is a cleaning agent. Detergents, like soaps, contain 
surfactants (surface acting agents) which help to clean. Explain the various steps 
involved in detergent manufacture. Discuss the role of hollow granules in 
detergents.

Group activities (10 minutes)
• Divide the students into 6 groups.
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• Distribute different kinds of soap to them.
• Ask them to fill in Worksheet 4 by categorizing each sample.

Summing up (5 minutes)
• Review the composition and uses of soap.
• Recall the different kinds of soap.
• Recap the preparation of detergents and their composition.

Homework
•	  Ask the students to read pages 172 to 176 and answer questions 1 to 6 in 

their notebooks.
•	 Bring to class five objects made of plastic.

LESSON 2 1 period
Motivational activity (5 minutes)
Ask the following questions to start the lesson.
• Name some objects around you that are made of plastic.
• Are all of them the same?
• What is the difference between them?
• Why do people choose to use plastic items?
• Why do we use plastic rather than glass vacuum flasks?

Developmental activity (10 minutes)
Pages 176 to 178
• Ask the students to read pages 176 to 178 of the textbook.
• Encourage them to use the glossary to understand the text.
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Teacher’s input (10 minutes)
Explain that polymerization is the first step of plastic manufacture. It is done by 
two basic methods: the addition and condensation reactions. Explain that this 
can happen in the gaseous, liquid, and occasionally, solid state.
Explain that additives can be used in the production of plastics to produce certain 
characteristics. Explain that the additives are either antioxidants to protect the 
polymer from degradation by ozone or oxygen; ultraviolet stabilizers to protect 
against weathering, plasticizers to increase the polymer’s flexibility; lubricants to 
reduce friction; and/or pigments to give colour.
Explain that plastics generally resist corrosion and chemicals, they have low 
electrical and thermal conductivity, and have a high strength-to-weight ratio. They 
can be of a wide variety of colours or transparent, are resistant to shock, durable, 
low cost, and are easy to manufacture. The problems they pose are that they are 
non-biodegradable. Plastic can be thermosetting or thermoplastic. Differentiate 
between the two.

Group activities (10 minutes)
• Ask the students to take out the plastic objects they have brought.
• Divide the students into six groups.
• Ask them to display their plastic objects.
• Now distinguish between thermosetting and thermoplastic objects.
• Identify the properties of thermosetting and thermoplastic.

Summing up (5 minutes)
• Review the composition and properties of plastic.
• Recall the different kinds of plastic.
• Recap the preparation of plastic.

Homework
Ask the students to read pages 176 to 178 and answer exercise 7 to 9 in their 
notebooks.
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LESSON 3 1 period
Motivational activity (5 minutes)
Ask the following questions to start the lesson.
• Why do we paint buildings?
• Why do we paint furniture?
• Why do we paint iron fittings?
• Why do we paint machines?
• Why do we paint cars?
• Are all paints of the same kind?
• How are they different from each other?

Developmental activity (10 minutes)
Pages 178 to 181
• Ask the students to read pages 178 to 181 of the textbook.
• Encourage them to use the glossary to understand the text.

Teacher’s input (10 minutes)
Explain that paints are coloured substances formed by organic solvents that 
contain pigments. They also contain solvents, additives, and binding elements. 
Other ingredients include water, resin, calcium carbonate, mica, polyurethane, 
and titanium oxide.
Explain the use of each of the chemicals in paint. Explain that pigments give 
colour and gloss and are categorized into prime pigments and extender pigments. 
Explain both types of pigment.
Explain that resin has a binding quality so it is used as a binder to hold the 
pigment particles together and provide adhesion to the surface painted. 
Differentiate between water-based and solvent-based binders. Explain that 
additives are used to create ease of dusting, mould resistance, scuff resistance, 
drying, and sag resistance.
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Explain that the preparation of paints needs accurate measurement of chemicals 
before they are mixed together. Its manufacture involves two steps which are 
mill-base preparation, and pigment dispersion and let down. Explain each step 
and its significance in detail. Further discuss the uses of paint for decoration, 
protection, identification, and for sanitation.

Group activities (10 minutes)
Ask students to work in pairs to prepare a binder for egg tempera paint:
• Give each pair an egg, beaker, watch glass, little distilled water, and a saucer.
• Ask them to break the egg so that its yolk remains intact.
• Then carefully take the yolk in one hand without puncturing it.
• Discard the albumen.
• Carefully pass the egg yolk from one hand to the other without puncturing it, 

until it is fairly dry.
• Place the egg yolk in a 250 ml beaker and puncture it.
• Transfer the egg yolk to a 10 ml graduated cylinder and measure the volume.
• Add to the egg yolk, an equal volume of distilled water and stir the mixture 

until it is homogenous.
• This is the binder.

Summing up (5 minutes)
• Review the composition and properties of paint.
• Recall the different ingredients or chemicals used in paint manufacture.
• Recap the uses of paint.
• Do exercise 13 to review the whole lesson.

Homework
Ask the students to read pages 178 to 181 and answer exercises 10 to 12 in 
their notebooks.
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Worksheet 1

Name  class  date 

Name of the 
product Category

Organic or 
biotechnological 

product
Ingredients
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Worksheet 2

Name  class  date 

Things noted on way to school    How many

trucks/buses/cars/rickshaws emitting smoke

rubbish on roads

rubbish outside houses in their neighbourhood 

open manholes 

blocked drains 

trees/plants not taken care of 
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Worksheet 3

Name  class  date 

Reducing pollution

Personal responsibilities Community responsibilities
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Worksheet 4

Colour of 
soap 

Kind of soap Composition 
of soap

Uses Feel (touch 
and smell)

Name  class  date 
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Unit 1
1. Ask the students to make a list according to their day’s activity.
2. The functions of mid brain and hind brain are as follows:
  The mid brain: It is the link between hind and forebrain. It controls visual and 

auditory reflexes and the movement of the head to see an object or to locate 
a sound direction.

 The hind brain consists of cerebellum and medulla.
  The cerebellum: the cerebellum is much smaller than cerebrum; it has two 

hemispheres and has a highly folded surface just like cerebrum. It controls 
regulation and coordination of movement, posture, and balance.

  Medulla: Beneath the cerebellum is the brain stem. it is the smallest part of 
the brain. It is associated with the vital life functions such as breathing, 
heartbeat, and blood pressure. The Reflex action, coughing, swallowing and 
saliva production are also its domain.

3. The structure and function of Spinal cord is as follows:
  From the medulla runs down a cylindrical, soft cord like structure the spinal 

cord. The spinal cord runs down to the last vertebrae of the vertebral column.   
On the way down it gives off 31 pairs of nerves. Each nerve immediately 
divides into two. The two major functions of the spinal cord are carrying 
information and coordinating reflexes. It sends messages to and fro from the 
brain to the different parts of the body. It also coordinates reflexes without 
the involvement of the brain.

4.  The peripheral nervous system (PNS) includes all the neurons of the body 
outside the brain and spinal cord. The brain decides how a person must 
respond to a stimulus. The brain has to rely on the peripheral nervous system, 
and its information gathering capabilities, to receive information from the 
internal as well as external environment of the body to send orders of suitable 
responses. If a person gets hurt on his back and his peripheral nerves get 
injured then the brain is unable to receive messages thus cannot send orders 
for the function of that part of the body whose peripheral nerve is damaged.

5.  The nerves which directly bring sensation from the head, neck, and face to 
the brain are called cranial nerves and they are 12 in number. These nerves 
control the muscles in the face and throat. They allow seeing, hearing, 
smelling, and tasting. They also connect the balance center of the inner ear 
to the brain and movement of the eyes and tongue.

Answers
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6.  The cerebrum or fore brain is the largest part of the human brain. It controls 
thought, action, and speech. This is the highly wrinkled part of the brain which 
helps in increasing its surface area. As the name suggests it is the front part 
of the brain and is divided into two halves by a deep furrow in its center. Its 
right portion is called right hemisphere and the left part is called left 
hemisphere.

7.  The automatic, unlearned, and involuntary actions taken by the body in 
reaction to the sudden reflexes to protect the individual or his organs from 
sudden danger are known as reflex actions. Such sensations are taken from 
the body part to the spinal cord and the spinal cord without involving brain 
directly sends impulses to the organ to take the action.

8.

Voluntary action Involuntary action

The actions which depend on 
our decision are called 
voluntary actions.

The actions which do not require our 
permission to be carried on and are vital 
for our survival are called involuntary 
actions

It takes time to react to a 
stimulus.

It acts instantaneously to react to stimulus

They require our command They do not require our command

Eg. Writing, walking, playing Eg. Digestion, breathing, beating of heart

9.  The removal of waste products from the body is known as excretion. The 
excretion takes place through our skin, lungs, intestines, and kidneys.

  Lungs: The carbon dioxide which is produced during respiration is expelled 
out through our nose and mouth via lungs.

  Skin: Sweat and dead cells are removed through skin.
  Intestines: the undigested food and digestive wastes are excreted out in the 

form of feaces through intestines via rectum.
  Kidneys: the wastes produced in the liquid form are removed from the body 

through kidneys.
10.  Each tiny nephron is a mass of even tinier tubules. The main part of the 

nephron consists of the proximal and distal convoluted tubules, which 

Answers
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become the nephron’s collecting duct. the proximal end of the tubules is a 
ball like structure known as Bowman’s capsule or glomerulus. This is the 
place where it joins the blood capillaries. The blood capillaries transfer the 
waste products into the glomerulus and the glomerulus transfers the sieved 
or filtered liquid with nutrients into the blood which is then further taken to 
the rest of the body parts by the renal vein.

11.  The vertical section of the kidney shows the outermost dark red layer of 
cortex. The middle paler portion of the kidney is called medulla. From the 
center of the medulla arises an innermost funnel like structure which is the 
pelvis region and it turns into a tube called the ureter. There are pyramid like 
structures in the medulla region of the kidney. These pyramids contain one 
million microscopic tubules called nephrons. These nephrons act like a sieve 
and make urine. Each nephron contributes to a collecting duct, which carries 
the urine into the pelvis. The urine collected here then flows down the ureter, 
the tube that connects the kidney to the bladder.

12.  If we do not drink enough water the kidney would not be able to filter blood 
properly. We may suffer from kidney diseases.

13.  During summer the water is excreted through urine as well as sweat. 
Whereas during winter we do not sweat. Therefore we feel more thirst in 
summer than in winter.

14.
	 •  The most common problem of kidney is the presence of kidney stone. 

The stone obstructs the path of urine flow as well as urine production.
	 •  Diabetes is one of the major causes of kidney failure. it causes exhaustion 

of kidney.
	 •  Sometimes kidney disease is inherited from the parent that’s why it fails 

to work.
	 •  If a person continuously suffers from urine infection, the infection may 

travel up to the kidney and infect it too.
	 • Any trauma can cause kidney problem.
	 • Cancer may develop in kidney and result in its failure.
15.  A person has to undergo dialysis if the kidney is unable to excrete the waste 

products in their body and its content becomes so high that the person 
becomes sick.

Answers
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16.  Kidney transplant means that a healthy kidney from a healthy person is taken 
and placed in the abdomen of the person who is suffering from kidney failure. 
Healthy people can live comfortably with only one kidney. Therefore, their 
other kidney can be donated to a person with kidney disease. The donor and 
patient must have very similar genetic structures in order for the patient to 
accept the new kidney without complications.

17.  Most stones which are quite small in size pass out of the body within 48 
hours. The stones that are bigger in size do not pass out on their own. For 
such stones a shock wave procedure called lithotripsy is often used to break 
up a large stone into smaller pieces to pass out of the body.

18. Check the labeling by the students.
19. Check the labeling by the students.
20. Check the labeling by the students.
21. i. false ii. true iii. false iv. false v. false vi. true
 vii. false viii. true ix. false x. true
22. i. a ii. a iii. b iv. a v. a vi. a
 vii. a viii. a ix. b x. c xi. b xii. c
 xiii. c xiv. c
23.

Reflex action Voluntary actions Involuntary actions
blinking eyes throwing a ball heartbeat
removing hand from a hot object walking shivering
responding to the bee sting brushing your teeth digestion
blushing holding a pencil breathing

swallowing excreting waste
standing vomiting
sleeping skin repair

salivating
yawning
sneezing
swallowing

Answers
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Answers
Unit 2

1.

Mitosis Meiosis

Starts with somatic cell Starts with sex cells and forms 
gametes

Cells divide once cells divide twice

Parent cell produces two daughter 
cells

Parent cell produces 4 daughter cells

Daughter cells have same genetic 
make up

Daughter cells have different genetic 
make up

Daughter cells have same number of 
chromosomes

daughter cells have half the number 
of chromosomes

Controls growth in living things Controls genetic factors from parents 
to offspring

2. Check the students’ work.
3.  Check the students’ work.
4.  DNA or Deoxyribonucleic acid Molecule carries our hereditary information in 

the form of codes known as genes. DNA is made of sugar and phosphate 
and has two types of bases of Nucleotides which contain adenine, thymine, 
guanine, and cytosine. Each DNA molecule consists of millions of atoms 
arranged in a double helix linked together. DNA carries coded information 
about the characteristics or Allele of the parents, like the size and shape of 
the nose, ears, color of eyes and hair, or whether a person is right or left-
handed.

5.  The letters A, C, T, and G which stand for the first letters of the base types 
that make up DNA molecule are called DNA alphabet. These bases combine 
with each other in a certain pattern that adenine A combines with thymine T 
and Guanine Nucleotide base G with cytosine C to form the double helix 
(ladder type of formation) of DNA.
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Answers
6.  Heredity is the passing of different characteristics from parents to their 

offspring. The genes of a character like eye color are transferred from both 
mother and father. One of the genes from both the parents remains dominant 
and the other recessive. The eye color of the child will be of the dominant 
gene.

7.  The father and the son have ear lobes attached to their head and the mother 
does not that means the father’s gene of attached ear lobe is dominant.

8.  If a gene is recessive in one generation that does not mean it has vanished. 
It may reappear in the next generation when it will become dominant.

9.  Genetic disorders are the abnormalities or diseases which an individual 
carries in itself even before birth and suffers from it after birth. Some of the 
most common genetic disorders include Tay-Sachs disease, Down syndrome, 
muscular dystrophy, sickle cell anemia, and hemophilia.

10.  Identical or Monozygotic twins are genetically identical who are produced 
when a fertilized egg divides in half. They look the same.

  Fraternal or Dizygotic twins are produced when two separate ova are 
fertilized by two separate sperms at the same time; they are not genetically 
identical, they look different.

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

Unit 3

1.  Biotechnology is not a single technology it’s a combination of different 
technologies. The scientists and biotechnologists work with living cells and 
their molecules to bring forth many things that has improved our lives and 
are continuing to do so.

2.  Genetic engineering is the process of transferring or modifying selected 
genes in an organism. This is done to either remove or add a desired trait 
or characteristic in that particular organism.

3.  A biotechnologist modifies structures within a living cell for the betterment of 
human life and the products he uses. Their field of work includes but is not 
limited to industry, medicine, environment, and agriculture.

4.  Mutation is a permanent change in the DNA sequence which can occur due 
to environmental factors, trauma, disease, or infection.
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Answers
5.  Usually the cells replicate into millions of identical cells. All living things have 

same type of genetic material (nucleotides A, T, G, and C). This structure of 
DNA helps biotechnologists to use enzymes which enable them to cut and 
remove DNA segments from one organism and recombine it with DNA in 
another organism. This is how DNA is made or copied.

6. The copied DNA is called recombinant or (rDNA)
7.  rDNA is made to produce specific traits in an organism. The desired trait gene 

is taken from a source and recombined with the other with the help of 
enzymes. This new DNA which we call recombinant DNA is then inserted into 
the organism which is genetically engineered to produce desired results or 
to eliminate certain traits in an organism.

8.  Bacteria are unicellular organism having ability to multiply by itself. They do 
not have a true nucleus instead they have one double stranded DNA which 
keeps lying in a ring in the center of bacterium. The other cell organelles in 
a bacterium cannot be distinguished as they also don’t have a distinct 
membrane around them. They are prokaryotic cells.

9.  Bacteria do not reproduce sexually. They do not produce gametes and do 
not undergo meiosis but have an ability to recombine genetically which is 
only possible in cells which undergo sexual reproduction. This unique quality 
of bacterium has led to genetic engineering.

10.  The problem of meeting nutritional needs of human beings is solved by using 
biotechnology to increase the yield per hectare of the field. This is attained 
by producing disease resistant, pest resistant crops, or drought tolerant 
crops. This has resulted in more yields of crops with less pesticide and less 
water consumption.

11. a.  Virus free papaya: Papaya plant suffers greatly from ring spot virus, to 
protect the plant a little of this virus is introduced in the plant to develop 
its resistance.

 b.  Golden rice: Gene from daffodils rich in vitamin A is introduced in rice 
through bacterium which increases the nutritional value of rice producing 
golden rice specie.

 c.  Fresher tomatoes: Tomatoes are engineered so that they remain fresh 
and firm for a longer period thus minimizing its waste.

12.  Yeast is used in bread baking. Yeast is a single celled fungus which turns 
sugar into ethanol and carbon dioxide gas thus raising the dough of bread. 
It also improves its flavor and quality.
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  Cheese is a dairy product which is made of milk. The milk because of 

bacteria turns sour and then lumps are formed from which water is drained 
and salt is added to make cheese.

  Instead of sugar from sugarcane other sweeteners are also made as from 
wheat and maize by introducing enzymes and bacteria which are less 
expensive sweeteners.

  Vinegar, ginger beer, or root beer is made through fermentation which is 
again a biotechnological process.

13.  Different kinds of chemicals are used in fabric making. These chemicals 
pollute our environment. To get rid of such chemicals used in the textile 
industry for weaving, reducing impurities, and dying certain enzymes are 
used through biotechnology which not only helps in producing eco-friendly 
fabrics but cheaper as they use less water and electricity in their 
manufacturing process and are better in quality.

14. a.  Soap and detergent industry: The Recombinant enzymes produced by 
different DNA technologies are added to the detergents and soaps to 
make them perfect cleaners.

 b.  Tanneries: tanneries use lots of chemicals to form leather from the hide. 
Instead of chemicals certain enzymes are used to remove the fur and fat 
as first step then further enzymes are added to clean and make it extra 
soft.

15.  Insulin is synthesized through Biotechnological process from DNA of E-Coli 
bacteria for curing and treating diabetes.

16.  Antibiotics are widely used to cure infections. Antibiotics like penicillin are 
used to cure infections. Vincomycin is also used for bacterial infections. 
Diseases like pneumonia, typhoid, and tuberculosis have their specific 
antibiotics to treat them.

17.  A vaccine is an agent which resembles the bacteria or virus of the disease 
for which it is given. It produces antigens in the body of a person which 
enables him to get immune to the disease.

 Vaccines are developed through biotechnology in the following ways:
 a. By separating antigen using a specific antibody
  The method of separating an antigen through specific antibody is also known 
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as immune purification. A particular antigen is separated from a mixture of 
closely similar antigens. This antigen is used to develop vaccine against a 
pathogen, e.g., vaccine for measles and chicken pox.

 b. By synthesizing an antigen with a cloned gene
  Clone is an exact copy of the original. A gene can be cloned and then 

synthesized by the antigen to produce a vaccine, e.g. hepatitis B vaccine.
 c. By synthesizing peptides to be used as vaccines.
  Some vaccines are also prepared through short synthetic peptide chains, 

e.g., vaccine for foot and mouth disease virus (FMDV) and feline leukemia 
virus (FLV)

18. i. c  ii. a  iii. b  iv. c  v. c  vi. a  vii. a  viii. b  ix. c
 x. a  xi. a  xii. a  xiii. c  xiv. a  xv. c  xvi. c  xvii. b
 xviii. a

Unit 4

1.  Air is the mixture of gases. These gases are oxygen, nitrogen, carbon 
dioxide, hydrogen, argon, neon, helium, krypton, and xenon. There are 
certain other gases which are in very small amounts like sulphur dioxide, 
methane, ozone, nitrogen oxide, carbon monoxide, and ammonia. If the 
amount of any of the gases changes in the air composition then the air is 
said to be contaminated or polluted.

2.  The causes of air pollution are numerous. They are:
	 •	 Aerosols( room freshener, perfumes, air purifiers, cleaning sprays)
	 •	 Paints
	 •	 smoke produced during house hold cooking
	 •	 	burning fuel in the form of coal, petrol, diesel, kerosene oil, and 

compressed natural gas (CNG) for transportation
	 •	 The gases emitted from factories, refineries, power plants, and industries
	 •	 Animal manure
	 •	 Volcanic eruptions, dust storms, wild fire cause
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3. We can categories air pollutants as:
Primary pollutants are those that are emitted directly into the air like smoke 
from automobiles, factories, and industries.
Secondary pollutants are primary pollutants which undergo chemical change 
in air and change its composition. The addition of ozone in air is the common 
example. When nitrogen oxide (NO2) mixes with other gases and is heated by 
sunlight, ozone (O3) is produced.
4.

	 •	 	Air pollution causes haze which reduces visibility. The driving on motor 
ways and highways and air transport becomes very dangerous and 
accidents occur.

	 •	 	The agriculture is also affected as the sunlight which is a necessity for 
plant growth is unable to properly reach plants thus causing lesions which 
result in deduction of crop yield qualitatively and quantitatively. The ozone 
damages plants, buildings, and other materials.

	 •	 	The formation of ozone causes irritation in mucus membrane which 
results in coughing and choking. It impairs lung function and causes and 
aggravates asthma, bronchitis, and pneumonia

	 •	 	The increased amount of carbon monoxide in the air replaces the oxygen 
content In our blood which causes headaches, dizziness, impaired lung 
function, heart problems.

	 •	 It causes learning disability in children.
5. a.  Green house is a place which is used to grow plants especially in the 

colder regions of the world. This place is covered by a transparent shield 
so that the light enters it, but is unable to escape from it. The light which 
is enters the green house is absorbed by the plants and other materials 
but is reflected back by the transparent shield covering it so it remains 
trapped in. As the wind cannot enter the greenhouse the chances of heat 
being carried away by the wind are also minimized.

 b.  The Earth is covered by three layers which are troposphere, stratosphere, 
which contains ozone, and mesosphere. These layers retain heat which 
comes from the Sun in the same way as the transparent covering of a 
greenhouse.
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6.  The air is composed of several gases some of which are only in a very small 

portion therefore they are called trace gases like sulphur dioxide, methane, 
ozone, nitrogen oxide, carbon monoxide, and ammonia.

7. a.  Ozone is a protective layer which is present at the top of the stratosphere 
enveloping our planet. It is of bluish colour and consists of three atoms 
of oxygen. The ozone prevents ultraviolet rays from entering the Earth’s 
atmosphere. The main cause of ozone depletion is the emission of 
chlorofluorocarbon gas which is commonly referred as CFC in the 
atmosphere. Aerosol, insulation of the houses, Plastic foam manufacture, 
sterilization of surgical instruments and the solvents used to clean metal 
instruments and electronic parts also result in CFC gas production.

 b.  Ozone depletion allows more ultraviolet rays coming to the Earth. This 
causes an increase in the Earth’s temperature which results in skin 
cancer, aging, photo allergy, etc. Amongst animals the amphibians are 
largely and most adversely affected. The different stages of their life cycle 
causes growth retardation, other abnormalities, blindness, and weakens 
their immune system too. It destroys planktons and the flowering time 
and the number of flowers produced in certain plants is also adversely 
affected.

8.  The rain which is acidic in nature or has depositions of acid is called Acid 
Rain. Air pollution causes acid rain. The sulphur and nitrogen oxides 
produced by burning of fuels after reaching atmosphere react with the 
moisture in the air producing their respective acids, nitric acid, and sulphuric 
acid which becomes part of the polluted air.

 Following are the effects of acid rain:
	 •	 It burns the leaves of plants and trees.
	 •	 	It affects the environment of animals by affecting their reproductive 

system thus stopping them from having babies.
	 •	 	it aggravate respiratory problems, causes irritation in eye, nose, and 

throat and even cause headaches.
	 •	 	It breaks toxic metals in the soil which result in the production of polluted 

food, which is eaten by animals and human beings. This polluted food 
causes nerve damage and brain damage in infants and elderly. 
Alzheimer’s disease is thought of to be the resultant of increased toxic 
aluminum content in food.
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	 •	 	The buildings and bridges and roads suffer erosion and discoloration the 

maintenance of which costs a lot of money.
9.  Deforestation can be defined as the permanent removal of forests and 

woodlands. The ill effects of deforestation are:
	 •	 The lack of trees has increased the carbon content in air.
	 •	 	The trees absorb water from the soil and evaporate it in air through the 

process of transpiration. This water cycle breaks as a result of 
deforestation causing dry climate and land erosion.

	 •	 	The habitat of microbes, birds, and other animals is destroyed which in 
turn endangers these species and they finally become extinct.

	 •	 	The plant growth is restricted and flooding occurs, drought becomes a 
common feature and the climatic change can be seen destroying the 
balance of nature.

10.

Renewable resources Non-renewable resources

The sources we use on Earth 
which can be reproduced after a 
short time are called renewable 
resources

The sources we use on Earth which 
cannot be reproduced altogether or 
after a short time are called non-
renewable resources

These are plants, animals, and 
water.

These are fossil fuels, minerals, and 
soil.

11. The following little steps you take will conserve our natural resources.
 • Reuse and Recycle plastic, tin pots, and bottles.
 • Dispose the trash properly
 • Turn off lights and fan when leaving the room
 • Walk more drive less reducing consumption of fossil fuel
 • Don’t use oil base paints and solvents and use brushes instead of spray
 • Use public transport or pool in cars
 • Plant trees



1171

Answers
 •  Turn the switch off when electrical gadgets are not in use like computer 

and television.
 • Use solar energy to run products
12. i. a  ii. a  iii. a  iv. c  v. a  vi. b  vii. a  viii. b  ix. a
 x. b  xi. b  xii. b  xiii. a

Unit 5

1.  A chemical reaction is a process that leads to the transformation of one set 
of chemical substances to another.

2.  If the heat is released or liberated then the reaction is said to be an 
exothermic reaction. The heat is always negative as the heat is lost by the 
product. Some of the exothermic reactions are a candle flame, rusting of iron, 
burning sugar, and mixing water and strong acids.

  If the heat is consumed or absorbed during a chemical reaction then it is said 
to be an endothermic reaction. The endothermic reactions always have 
positive heat as the heat is absorbed by the system and added to the product. 
Some of the endothermic reactions are baking bread, cooking an egg, and 
producing sugar by photosynthesis.

3.  There are several types of chemical reactions. Some of the important types 
of chemical reactions are as follows:

 • Addition reaction
 • Decomposition reaction
 • Single displacement reaction
 • Double displacement reaction
 • Combustion reaction
 • Oxidation reaction
 • Neutralization reaction
 • Hydrolysis
4.  A balanced chemical equation is an equation in which the number of atoms 

of elements taking part in a chemical reaction is equal to the number of the 
atoms of the elements of the product.
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  It is necessary for the chemical equation to be balanced because according 

to the law of conservation of mass “mass can neither be created nor 
destroyed in any chemical reaction reactions.”

5.
 a. hydrogen gas combines with nitrogen to form ammonia
  N2 + 3H2 → 2NH3

 b. hydrochloric acid reacts with sodium hydroxide
  HCl + NaOH → NaCl + H2O
 c. When magnesium burns in air it makes magnesium oxide.
  2Mg (s) + O2 (g) → 2MgO (s)
  magnesium + oxygen → magnesium oxide
6. Some everyday examples of chemical reactions are:
 • burning methane gas (stove)
 • burning octane (fuel)
 •  converting glucose into carbon dioxide and water (deriving energy from 

food)
 • reaction of polycocynade and polyol to form polyurethane
 • conversion of ethane into polyethane
 • conversion of iron ore to form iron
 •  toothpaste, soap, shampoo, cleaning agents, rusting are all results of 

chemical reactions
7.  Oxidation Reaction: When oxygen is added to the product then it is said to 

be an oxidation reaction. When magnesium burns in air it makes magnesium 
oxide.

  2 Mg (s) + O2 (g) → 2 MgO (s)
  magnesium + oxygen → magnesium oxide
  Neutralization reaction: When a strong acid and strong base are reacted they 

form salt and water. Such reactions are called neutralization.
  When hydrochloric acid reacts with sodium hydroxide then table salt, i.e. 

sodium chloride and water are formed.
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  HCl + NaOH → NaCl + H2O
  Hydrolysis: When a chemical compound decomposes by reaction with water 

then the reaction is said to be Hydrolysis.
  When sodium chloride reacts with water the water breaks into ions and forms 

sodium hydroxide and hydrochloric acid.
  NaCl + (H+ + OH-) → NaOH + HCl
  proton (H+) hydroxyl ion (OH-)
8.  When a compound and an oxidant is reacted to produce heat and a new 

product then the reaction is said to be a combustion reaction. These reactions 
are always exothermic. Heat of combustion is always negative because the 
heat is lost by the system and transferred to the surroundings.

  Methane gas which is usually called Sui gas in our country and is used for 
cooking burns in air to form carbon dioxide and water.

  CH4 + O2 → CO2 + H2O
  methane gas + oxygen → carbon dioxide + water
9.  Many of the chemical reactions in the living things produce energy. Some of 

the important chemical reactions going on in the biological systems are:
 •  Photosynthesis is the process by which green plants manufacture their 

own food. This occurs in presence of sunlight and other raw material like 
carbon dioxide and water. The chlorophyll pigments harvest the light 
energy from sunlight which is then converted into glucose by 
photosynthesis. Water and carbon dioxide reacting to form glucose and 
water during the process of photosynthesis.

 •  Chemical reactions are involved in digestion, respiration, blood purification, 
excretion, and all other processes taking part in a living body, e.g. The 
reaction of hemoglobin and oxygen to form oxyhemoglobin.

 •  The chemical reactions go on in decaying and decomposing of 
biodegradable waste.

10.
 a. 2H2 + O2 → 2H2O
 b. 3H2 + N2 → 2NH3

 c. 2C2H6 + 7O2 → 4CO2 + 6H2O
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 d. 2Al2O3 → 4Al + 3O2

 e. 2KClO3 → 2KCl + 3O2

 f. 8Ag2 + S8 → 8Ag2S
11. i. a  ii. c  iii. b  iv. b  v. c  vi. c  vii. a  viii. b  ix. a
 x. a  xi. b  xii. b  xiii. a  xiv. a  xv. b  xvi. a  xvii. c
 xviii. b

Unit 6

1. An acid is a substance that gives H+ ions when dissolved in water.
 Physical properties:
	 •	 Acids are corrosive in nature.
	 •	 Chemically acid can turn blue litmus paper into red (indicator).
 Chemical properties:
	 •	 	When a metal carbonate such as sodium carbonate is reacted with an 

acid like sulphuric acid it gives off carbon dioxide gas.
   Na2CO3 + H2SO4  Na2SO4 + CO2 + H2O
	 •	 Metals can easily displace hydrogen from acids to make metallic salts.
   Zn + 2HCl  ZnCl2 + H2

2.  Alkalis are also known as bases. These substances are called hydroxide or 
base.

 Physical properties:
	 •	 They taste bitter in nature and are slippery in touch.
	 •	 Alkalis produce blisters on skin if they are strong.
	 •	 They turn red litmus blue.
 Chemical properties:
	 •	 	Bases release metal ions and hydroxyl ions (OH-) in water as in sodium 

hydroxide:
   NaOH + H2O  Na+ + 2OH-
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	 •	 They produce salts when reacted with acids in a neutralization reaction.
   NaOH + HCl  NaCl + H2O
3. Salts may be prepared by three methods
 a. Neutralization of acids and bases:
  When acid and base react they counter act each other, i.e. they neutralize 

each other. The reaction results in the formation of salt and water. When 
sodium hydroxide and hydrochloric acid reacts together sodium chloride and 
water are formed.

   NaOH + HCl  NaCl + H2O
 b. Direct combination:
  When a metal reacts with a non-metal , a salt is generally formed. For 

example when the metal Magnesium is burned in Chlorine gas the salt 
Magnesium Chloride is formed.

   Mg + Cl2  MgCl2
 c. Metal oxide and acid:
  When a metal oxide reacts with an acid, a salt is formed. For example when 

calcium oxide reacts with nitric acid the salt Calcium nitrate is formed.
   2CaO + 2HNO3  2Ca(NO3)2 + H2O
4. The uses of these acids are:

Benzoic acid Its salts are used to preserve food 
Carbonic acid To make carbonated drink(fizzy drinks)
Ethanoic acid A main compound of vinegar
Hydrochloric acid To clean metal before electroplating, swimming pool 

maintenance 
Nitric acid Production of fertilizers, explosives, etching dissolution 

of metals (purification and extraction of gold)
Sulphuric acid To make detergents, polymer, and fertilizer
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5. The uses of these alkalis are given below:

Name Formula Uses

Ammonium nitrate NH4NO3 Important nitrogenous fertilizer

Lead carbonate PbCO3 Paint for yellow lines on road

Silver bromide AgBr Photographic films and emulsion

Potassium Nitrate KNO3 Saltpeter in gunpowder (with 
sulphur and carbon) 

Magnesium Sulphate MgSO4 Epsom salt for inner cleanliness 

Calcium sulphate CaSO4 Plaster of Paris, for broken limbs

Iron sulphate FeSO4 Iron tablets

6.  The sea water is salty due to the presence of salt such as sodium chloride 
NaCl, magnesium bromide MgBr2, magnesium chloride MgCl2, calcium 
sulphate CaSO4, and potassium sulphate K2SO4.

7. •  When a metal carbonate such as sodium carbonate is reacted with an 
acid like sulphuric acid it gives off carbon dioxide gas.

   Na2CO3 + H2SO4  Na2SO4 + CO2 + H2O
 • Metals can easily displace hydrogen from acids to make metallic salts.
   Zn + 2HCl  ZnCl2 + H2

8.

lemon, orange citric acid

tea tannic acid

vinegar acetic acid

grapes tartaric acid

sour milk lactic acid
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9.

Salt Chemical formula Uses
barium sulphate BaSO4 X-ray ‘meals’ in hospital
lead carbonate PbCO3 paint for yellow lines on road
silver bromide AgBr photographic films and 

emulsion
potassium nitrate KNO3 in gunpowder (with sulphur 

and carbon)
magnesium sulphate MgSO4 in Epsom salts for cleaning 

the colon from harmful toxins
zinc sulphate ZnSO4 in luminous paints
ammonium nitrate NH4NO3 fertilizer

10.  Referring to the pH Scale strong acid fall in 1 to 3 , weak acids fall between 
4 to 6, 7 is neutral, 12 to 14 is strong alkali and 8 to 11 are weak alkali.

11.  Indicators are dyes, which change color when acids or alkalis are added to 
them. pH indicators indicate the intensity of an acid or base. The substances 
in the plant products such as tea, red cabbage, or grapes react with acids 
or bases resulting in changes of colour at different pH levels.

12.

Indicators Colour of acid Colour of alkali
Litmus red blue
Universal red violet

Methyl orange red yellow
Screened methyl orange red green
Phenolphthalein colorless pink

13. i. c ii. a iii. a iv. b v. c vi. b vii. b
 viii. a ix. b x. a xi. c xii. b xiii. b xiv. b
 xv. a xvi. a xvii. a
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1. The perpendicular force per unit area acting on a surface is called pressure.
 Pressure= total perpendicular force on surface Or P =   F 
   area of surface   A
2.  Force is a push or a pull which moves an object; pressure is the amount of 

force on an object divided by the area over which the force is exerted. Force 
is measured in newtons (N). Pressure is force per unit of area and is 
measured in newtons per square metre Nm-².

3.  Camels have broad, flat feet so they do not sink into the sand because the 
weight of the camel is spread over a larger area. This is why camels can 
walk more easily than humans on sand.

4.  The surface area of a pointed heel is small, so it exerts a great force on the 
floor; this is why the pointed heel of a shoe can damage a wooden floor 
whereas a broad heel does not.

5. Data:
 F = 350 N
 A = 2cm2 

 Change cm2 into metres
 A = 0.02 m
 P =  F = 350 = 17500 Pa
    A  0.02
6.  On an even surface the pressure exerted by the foot is small, but on an 

uneven surface the pressure is greater because the many pressure points 
provide small areas, thus increasing the pressure and making it painful to 
stand there.

7.  Solids exert pressure in only one direction. Liquids and gases exert pressure 
in all directions.

8.  Make holes at different heights in a tall vessel. Plug them and fill the vessel 
with water. On removing the plugs the water spurts out through all the holes. 
Water from lowest hole comes out with greater force than from the hole 
located at the top of the vessel. This shows that the pressure exerted by a 
liquid increases with depth.

Answers
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9.  Yes, the density of a liquid affects the height of a liquid. If liquids such as 
vegetable oil, engine oil, gear oil, water, etc. are poured into the U-tube 
vessel, the value of ‘h’ varies with each liquid. It will be found that the 
difference in ‘h’ in the U-tube increases for liquids of higher density. Thus it 
can be said that the pressure of a liquid depends upon its density.

10.  If you immerse different shaped open-ended tubes in a tub of water, the tubes 
fill up to the level of water in the tub irrespective of the shape of the tubes. 
The pressure at the open ends of all the tubes is the same as the air pressure 
or atmospheric pressure. The pressure of the liquid at the bottom of each 
tube is also the same, otherwise the liquid would have flowed to equalize the 
pressure even though the tubes are of different shapes and diameters. For 
the pressure at the bottom of the tubes to be equal they require only the 
same vertical height ‘h’ of the same liquid.

  Thus we can say that the liquid pressure depends only on the height of a 
particular liquid and not on the shape and/or diameter of the tube or the 
vessel in which it is contained.

11.  The pressure below the surface of a liquid is proportional to the height of the 
liquid above, and independent of the area.

A

h
V=Ah

Area
A

  A vessel containing liquid of height x and area y will exert the same pressure 
as that in a vessel containing liquid of height x and area 2y. If the height is 
increased to say 2x, then the pressure below the surface of the liquid will 
also increase.

12.  If the pressure of a gas is increased, its volume will decrease. This means it 
will contract and as its pressure decreases, its volume will increase so it will 
expand. The volume of a gas is inversely proportional to its pressure.

13.  When you suck, your lungs expand and your mouth opens. The pressure in 
your mouth is less than the pressure at the surface of the drink so you can 
drink as the liquid pushes up. When the bottle is tightly corked there is no 
extra pressure at the surface of the drink to push the drink into your mouth.

Answers

1179
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14.  Rubber suckers used to lift heavy loads, or hang objects on walls and 
windows create a vacuum between the smooth surfaces. The greater 
pressure around them acts on them and helps them to hold things firmly 
against the walls and/or windows. The force and lift mechanism of a syringe 
works on the same principle. A vacuum is created inside the syringe which 
allows the liquid to flow in with the help of the pressure around the needle.

15.  The pressure of a fixed mass of gas is inversely proportional to the volume 
it occupies if the temperature remains constant.

  According to Boyle’s Law, if the temperature of a gas remains constant and 
the pressure increases, the volume of a gas will decrease. If the temperature 
remains constant and the pressure is decreased, its volume increases. 
Pressure is caused by gas molecules hitting the walls of the container. The 
smaller the volume, the more frequently the gas molecules hit the walls, and 
so the pressure increases. The greater the volume, the fewer gas molecules 
hit the walls of the container, so the pressure will be less.

16.  For a fixed mass of a gas at a constant pressure, the volume is directly 
proportional to its Kelvin temperature.

  Charles’s Law says that if the pressure of a fixed mass of gas remains 
constant, and its temperature is increased, then the volume of the gas will 
increase with the increase in temperature. Let us consider a vessel of gas 
having a barrier. On heating, the gas molecules will move faster, and so will 
hit the barrier harder and more frequently, pushing it away. Thus the volume 
of the gas will increase with the increase in temperature.

17.  An aerosol spray is the system which creates a mist of liquid particles. This 
is used with a can or bottle that contains a liquid under pressure. When the 
container wall is opened, the liquid is forced out of a small hole, leaving the 
spray as fine particles or droplets.

18.  The air is made up of various gases including nitrogen, oxygen, carbon 
dioxide, and trace gases like neon, helium, etc. with small traces of hydrogen 
and ozone. The air also contains dust particles and water vapour. This 
atmosphere extends from sea level to a few hundred kilometres above, and 
is heaviest at sea level but decreases in density with increasing height. 
The density is about 1.2 gm/lt at sea level and reduces to only 0.49 gm/lt 
at 10,000 metres. This is why mountaineers have difficulty breathing at high 
altitudes.

Answers

1 180
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19.  The atmosphere exerts pressure on the surface of the Earth and everything 
on it because of its weight. This pressure is called atmospheric or standard 
pressure; it is represented as atm and is taken as 76 cm of mercury. The 
instrument used to measure atmospheric pressure is called a barometer.

20.

Units of Pressure

1 pascal (Pa) 1 N*m-2 = 1 kg*m-1*s-2

1 atmosphere (atm) 1.01325*105 Pa
1 atmosphere (atm) 760 torr

1 bar 105 Pa

21.  When the piston is drawn up the syringe, a vacuum is created in the nozzle 
section; the greater atmospheric pressure pushes the liquid into the syringe.

  In the force pump the upstroke opens the valve and the water chamber fills 
with water while the air chamber valve closes. On the downward stroke, the 
water chamber valve closes and the air chamber fills with water which flows 
into a storage tank through a pipe. This is due to the different pressures of 
the chamber and atmosphere.

  In a lift pump the plunger is moved up and down inside the barrel by a handle 
(H). In this set up the stroke creates a vacuum which fills the chamber on 
the down stroke. The water in the chamber lifts the valve into the chamber 
provided with a spout to collect the water.

  The above examples demonstrate how differences in pressure actuate the 
movement of water between water storage and supply.

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

Answers
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1.  Set up a wire loop connected to a battery and a switch; place a magnetic 
compass inside the loop. As the circuit is closed, the current passes through 
the wire and the compass needle aligns itself to the wire. This generation of 
a magnetic field is the basis for producing electricity.

2.  The movement of a magnet placed next to a wire loop induces an electrical 
current. The faster the movement, the greater the current. A simple generator 
works on this principle.

3. The three popular methods for turning a crank are:
	 •	 using water to fall on it from a high altitude
	 •	 directing a nozzle of steam on it
	 •	 using wind
4.  Some chemical reactions take place instantly when an electric circuit is 

complete. They release positive and negative charges that are needed to 
produce an electric current. Once these chemicals are used up, the electricity 
stops flowing. This is electrochemistry. Everyday examples are battery cells, 
electroplating, and purifying drinking water.

5.  Solar energy is the conversion of sunlight to electricity using solar panels. 
The current produced is direct current.

6.  Dams are giant walls constructed across mountain gorges that hold back 
water from rivers. The water is contained in reservoirs and flows through 
spillways that allow the river water to fall with huge pressure. This makes the 
water gush through pipes onto turbines which move and generate electricity. 
This is hydropower.

7. Advantages of hydropower are:
	 •	 low production cost
	 •	 flexible to meet demand
	 •	 suitable for irrigation, industry, and water sports
 Disadvantages of hydropower are:
	 •	 destroys rich agricultural and forest lands; displaces population
	 •	 reservoir can silt up reducing the dam’s efficiency
	 •	 interrupts river flow

Answers
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8.  A wind turbine converts the kinetic energy of the wind into mechanical energy. 
The three blades of a wind turbine face the wind and operate ‘upwards’. The 
wind turns the blades around a rotor which is connected to a shaft that turns 
the generator to create electricity.

9.  The top of the dynamo presses against the rim of the tyre and rotates as the 
bicycle wheel moves. This rotates a permanent magnet in the middle of coils 
of wire inside the dynamo. This rotation produces an electric current that 
powers the bicycle lights.

10.  There are many sources of power generation: hydro, burning fossil fuels, 
nuclear, biomass, geothermal, solar, tidal, and wind.

11.  Nuclear power stations are not 100% safe as human errors can sometimes 
occur; moreover nuclear waste can be hazardous if not disposed of carefully. 
If dumped into rivers or seas; the water temperature rises which can be 
harmful to aquatic life. Solar power,on the other hand, is harmless but 
expensive to produce.

12.  Biomass power is produced when crops are burned; this is because crops 
contain ethanol that can be burned as a fuel.

13.  A power station has a rotating machine at the centre that converts mechanical 
power into electrical power by creating relative motion between a magnetic 
field and the conductor used by the power station. A typical power station 
has a furnace, boiler, turbine, generator, cooling tower, and an electricity 
cable network.

14.  Electronics deals with the development and application of devices and 
systems involving the flow of electrons in a vacuum, transistors, diodes, and 
semiconductors. The system uses wires, motors, switches, batteries, relays 
and transformers to convert electrical energy into other forms.

15.  Some common output devices are:
	 •	 monitor: commonly used to display work on computers
	 •	 touch screen: used on tablets and mobile phones
	 •	 modem: a devise used to connect to the Internet
	 •	 speaker: it outputs sounds
	 •	 printer: produces hard copy from computers
	 •	 projector: displays images
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Unit 9

1.  Heat is a measure of the warmth or coldness of an object. It is also a 
measure of the average kinetic energy of the particles of matter in units or 
degrees on a standard scale. Most solids and liquids expand on heating and 
contract on cooling. Although these contractions and expansions are very 
small, their effect is greater because of the forces which come in to play. 
These forces can cause damage to structures, buildings, bridges, roads, etc.

2.  Matter expands on heating: its volume, length, and area increase. However, 
its mass remains the same. This is known as thermal expansion.

3.  Differences in expansion and contraction are visible in different states of 
matter due to the amount of force holding the atoms together. Gases expand 
most as the atoms are far apart and therefore the increase in their speed is 
greatest.

4.
 • Rubber tyres absorb the expansion of air in summer.
 • Expansion joints absorb thermal expansion in a pipe system.
 •  A round, metal band, the same size as the circumference of a wooden 

cartwheel is heated all round and expands sufficiently to slip over the 
wooden wheel and grip it tightly when it cools.

5.  All materials are made of atoms. At any temperature above absolute zero 
(-273°C) the atoms in a solid will move. They vibrate in a fixed position. When 
a material is heated, its kinetic energy increases, making its atoms and 
molecules move about more. Each atom takes up more space due to its 
movement, and the material expands. When it is cooled the kinetic energy 
decreases, less space is required for the atoms, and the material contracts.

6.
 •  When railway tracks are laid, gaps have to be left between the lengths 

of rail to allow for expansion. Gaps close as the rails heat up. If this is 
not done, a rise in temperature may lead to buckling of the track. Free 
movement at the rail joint is allowed by making the bolt holes slotted.

 •  Over the years, expansion and contraction causes creeping of lead on 
the sloping roofs of buildings. When heated by the Sun the lead expands 
and tends to move down the roof under the force of gravity. On cooling 
and contracting, the force of contraction is opposed by the force of gravity 
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and the friction between the lead and the roof planking. This sets up a 
strain in the lead. Over the period of many years the lead stretches more 
and more and finally it forms folds and even breaks.

 •  Shrink fittings can be used to fit metal parts together without welding. The 
rod is larger than the hole in the metal pipe. The pipe is heated so that 
the hole expands and becomes large enough for the rod to slip through. 
When the pipe cools and contracts, it grips the rod tightly.

7.
 i.  Slackness in power cables: In summer the power cables expand due to 

an increase in temperature, so slackness is observed.
 ii.  Pouring asphalt in roads: If concrete road surfaces were laid in one 

continuous piece, cracks would appear due to varying summer and winter 
temperatures. To avoid this, the surface is laid in small sections, each 
separated from the next by a small gap which is filled with a compound 
of pitch (asphalt). Even this asphalt is squeezed out of the joints on a hot 
summer day.

 iii.  One end of bridge is fixed and the other is on rollers: Allowance also has 
to be made for the expansion of bridges and the roofs of buildings made 
using steel girders. Various methods are used to overcome this difficulty 
involving one end of the structure being fixed and the other end resting 
on rollers. Thus free movement is possible in both the directions.

 iv.  Insulation of water pipes in cold places: Water expands on cooling. The 
increase in the volume of water after freezing makes pipes split, therefore 
water pipes in cold places are insulated.

8.  Some substances do not expand when heated over a certain temperature 
range, they contract. Water is an example. If we start heating ice at -10°C, 
it expands like any other solid until its temperature remains constant at 0°C. 
As this melting continues and the temperature rises between 0°C and 4°C, 
the water contracts still further, reaching a minimum volume at 4°C. This 
means the water has a maximum density at 4°C; beyond 4°C, the water 
expands. This behaviour of water is said to be irregular or anomalous.

9.  A bimetallic strip made of brass and iron welded together bends when it is 
heated because the two metals have different coefficients of linear expansion. 
This means that a temperature change will make the switch come on or off.
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10.  Pipes carrying hot fluids such as water or steam operate at higher 
temperatures. Such pipes expand, especially in length, with an increase in 
temperature. This creates stress on certain areas within the piping system, 
mostly at pipe joints, and they may break. Therefore allowance for linear 
expansion has to be made which may be an expansion joint, sliding support, 
or roller.

11. Metal window frames need rubber to absorb the expansion of the glass.
12.  Vehicles that run on compressed natural gas (CNG) have special tanks which 

can hold the gas at a high temperature and pressure. If the tank is not of the 
required quality, a temperature increase will cause an increase in the volume 
of the gas and the pressure of the gas inside the tank will become so high 
that it explodes.

13.  An increase in the temperature of a liquid causes an increase in the average 
speed of its molecules. As the temperature increases, the molecules move 
faster, thereby increasing the liquid’s kinetic energy. The higher the 
temperature of the liquid, the lower the viscosity, since the increase in the 
kinetic energy reduces the force of intermolecular attraction.

  As the temperature of the liquid falls, the speed of its molecules slows down; 
Kinetic energy reduces, thereby increasing the intermolecular force of 
attraction. Thus the liquid becomes more viscous as the mass of the liquid 
contracts.

14. The degree of hotness or coldness of an object is called temperature.
15. Below are the names of different kinds of thermometer.
 • clinical thermometer
 • liquid in glass thermometer
 • mercury in glass thermometer
 • alcohol in glass thermometer
 • maximum and minimum thermometer
 • Six’s thermometer
16.  The maximum and minimum thermometer is used to find maximum and 

minimum temperatures over a certain period of time and is used for food 
storage and in greenhouses, etc.
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17.  Mercury has several advantages over alcohol for use in a thermometer of 
this type. It has a freezing point of -39°C and a boiling point of 357°C. The 
alcohol thermometer is not in common use for the following reasons:

 1.  Mercury is opaque and can therefore be seen clearly; alcohol has to be 
coloured to make it visible.

 2.  Mercury does not wet glass, unlike alcohol which tends to cling to the 
walls of the tube. This may lead to inaccurate readings.

 3.  Mercury is a good conductor of heat and expands rapidly; it registers 
changes of temperature quickly: alcohol is a poor conductor and is slow 
to register changes in temperature.

 4. Mercury, unlike alcohol, does not vapourize at low temperatures.

18. Fahrenheit scale
  On the Fahrenheit scale (F) the fundamental unit is divided into 180 units or 

degrees. The freezing point of water is 32°F and the boiling point is 212°F.
 Celsius scale
  On the Celsius scale (C) the fundamental unit is divided into 100 units or 

degrees. The freezing point of water is 0°C and the boiling point is 100°C.
 Absolute scale
  The SI unit of temperature is the Kelvin (K). Zero on the Kelvin scale is equal 

to minus 273°C or absolute zero. This means that a temperature of t°C 
corresponds to 273 + t°C on the absolute scale.

19. i. c  ii. c  iii. b  iv. a and b  v. b  vi. a  vii. a  viii. b
 ix. a  x. b  xi. b
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Unit 10

1.  Light rays are refracted through a lens so that they converge or diverge to 
form an image.

2. i. biconcave ii. meniscus convex iii. plano-convex
 iv. plano-concave v. meniscus concave vi. biconvex
3.

   convex or converging lens  concave or diverging lens

4.  A lens is a ground or moulded piece of glass, plastic, or other transparent 
material with an appropriate surface, either or both of which are curved, by 
means of which light rays are refracted so that they converge or diverge to 
form an image.

Convex lens Concave lens

It is a converging lens It is a diverging lens

It is thicker in the middle and 
thinner along the edges

It is thinner in the middle and thicker 
along the edges

5. Lenses are commonly used in:
 • camera
 • telescope
 • microscope
 • correcting human vision as in spectacles or contact lenses
6.
 •  The principal axis of a lens is the line joining the centre of curvature of 

the lens’ surfaces.
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 •  If a parallel beam of light, parallel to the principal axis, is incident on a 
converging lens, the rays, after passing through the lens, converge to a 
point on the axis called the principal focus. The principal focus of a lens 
is that point on the principal axis at which all rays originally parallel and 
close to the axis converge, or from which they diverge after passing 
through the lens.

 •  The focal length of a lens is the distance between the optical centre and 
the principal focus.

 •  The optical centre of a lens is the centre of the lens thickness on the 
principal axis.

parallel rays of light

Principal axis
optical
centre

optical axis

focal point
F

principal focus

focal length (oF)

O

7.  Eyes are a paired structure which lie in the bony sockets known as the orbits, 
which protect the eye balls. The extra-ocular muscles attach the eye ball to 
the wall of the orbit, and enable the movement of the eyeball. The dense, 
white, outer, protective layer of the eye is known as the sclera and the 
transparent avascular part of the eyeball is called the cornea; it bends and 
focuses the light waves entering the eye. The choroid lies beneath the sclera 
and it prevents light from scattering. The central coloured part of the eye is 
called the iris. The iris can contract or relax to adjust the size of the opening, 
called the pupil, depending upon the amount of light entering the eye. The 
lens lies behind the iris and the pupil. It is a clear, transparent, semi-solid, 
biconvex, elongated sphere which focuses the objects we see.

  There is a tiny ring-like structure at the base of the iris called the ciliary body 
which secretes a fluid called aqueous humour. This fluid helps the lens to 
change its shape to focus on an object. The retina is the innermost layer of 
the eye ball where images are formed after passing through the lens. The 
cells of the retina receive light and transform it into image-forming signals 
which are transmitted through the optic nerve to the brain. The retina is made 
up of two types of cells, the rods and the cones. The rods detect black and 
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white images and the cones detect the coloured parts of the light. The optic 
nerve is the nerve that transmits electrical signals and nerve impulses from 
the retina to the brain.

  Light rays from an object which we are looking at enter the eye through the 
cornea and the pupil, and fall on the lens, forming an inverted image on the 
retina. The light impulses are changed into electrical signals on the retina 
and are sent through the optic nerve to the brain. The electrical signals are 
interpreted by the brain and thus we understand what we see.

8.
 The human eye and camera are similar in the following ways:
  Image focusing: The eye and camera both focus an inverted image onto a 

light-sensitive surface. In the case of the camera it is focused on film or a 
sensor chip. In our eyes the light sensitive surface is the retina which lies 
inside our eyeball.

  Light adjustment: Both the eye and the camera can adjust the quantity of 
light entering them. In the camera it is done with the aperture control built 
into the lens while in our eye it is done by the pupil.

 The camera and the eye differ from each other in many ways:

Human eye Camera

The human eye is a subjective 
device which works in harmony with 
the brain to create the images we 
perceive. 

A camera is an absolute 
measurement device. 

The eyes adjust the focus by 
bending the light through the lens 
in our eye and translating light 
(photons) into an electrical impulse 
which our brain can process.

The camera measures the light 
that hits a series of sensors but the 
sensors are dumb and the signals 
recorded need to be adjusted to suit 
the colour and temperature of the 
light illuminating the scene.

In the eyes the actual shape of the 
lens changes to focus.

In the camera the lens moves closer 
to/farther from the film to focus.

The human retina does not have 
uniform sensitivity.

A film in a camera is uniformly 
sensitive to light.
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Answers

A pinhole camera

light rays

screen

image

pinhole

object

9.  Light passes through a very small hole in the camera and the image of the 
object in front of the camera is formed on photographic film or on a chip in 
digital cameras.

10.  Different kinds of lenses are used in cameras. These are close-up, zoom and 
special purpose. They may be called photographic lenses or photographic 
objectives. A lens may be permanently fixed to a camera or it may be 
interchangeable with lenses of different focal lengths, apertures, and other 
properties.

11.  The objective lens of the telescope collects the distant light and brings it to 
a point of focus. The eye-piece lens then spreads it out or magnifies it to take 
up more space on the retina. Thus an object which is far off can be seen 
through a telescope.

12.  A microscope is an optical device that uses magnification to allow the viewer 
to see objects otherwise invisible to the naked eye. A microscope has three 
lenses to accomplish this task; an eye-piece lens, a condenser lens, and an 
objective lens, depending upon the type of microscope, i.e. simple, compound, 
or electronic. These have lenses which vary in terms of material and power 
of magnification.
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13.

Myopia Hyperopia

Myopia is the eye sight problem 
which occurs when the distance 
between the cornea and the retina 
is too great.

Hyperopia is the eye-sight problem 
caused when the distance between 
the cornea and the retina is not 
great enough.

The image forms just in front of the 
retina.

The image forms just behind the 
retina.

A myopic has trouble seeing things 
far away but not close-up.

A hyperopic sees things better far 
away than close up.

Myopia is corrected by using a 
concave lens.

Hyperopia is corrected by using a 
positive or convex lens.

14.  Astigmatism is an eye-sight problem caused by incorrect curvature of the 
cornea. The cornea is slightly oval in shape instead of being spherical. It is 
expressed in terms of:

 i. module (difference in curvature)
 ii. axis (orientation of curvature)
  Astigmatism causes imprecise near and far vision. People suffering from 

astigmatism have unclear peripheral vision and cannot clearly distinguish 
certain shapes and details or see the difference between horizontal, vertical, 
or oblique lines. Astigmatism may be combined with other eye problems such 
as myopia and hyperopia.

  It is corrected by a toric lens (curved and of varying thicknesses at the 
edges.) This lens is designed to compensate for the defect of the cornea and 
correct the axis of the astigmatism. The differences in thickness at the edges 
of the lens is thereby greater the stronger the stigmatism.

15.  Presbyopia is an age-related eyesight disorder. Presbyopia usually occurs 
after the age of forty when the natural aging of the crystalline lens results in 
blurred nearsight that is myopia. It can be corrected by using bifocal lenses 
and/or separate reading glasses.
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16. i. c  ii. a  iii. a and b  iv. b  v. c  vi. a  vii. b
 viii. b  ix. a  x. b  xi. c  xii. a
17. Check the students’ work.
18. i. convex ii. virtual, iii. concave iv. real, erect.
 v. concave vi virtual, inverted

Unit 11

1. 96 feet
2.  All systems of weights and measures are connected through international 

agreements supporting the international system of units. This international 
system is called SI using the first two initials of its French name “Systeme 
International De Unit”.

  There are seven base units in the SI units like metre for length, and second 
for time. The derived units are the units which are derived from these base 
units. Some derived units are force (Newton), work (Joule). If the base unit 
kilogram is combined with the derived unit for acceleration we get another 
derived unit for force which is called the Newton(N). Similarly, combining the 
base unit metre with the derived unit for force we get the derived unit for 
work which is called the Joule (J).

3.
SI base unit

Base quantity Name Symbol
Length metre M
Mass kilogram Kg
Time second S
electric current ampere a
thermodynamic temperature      Kelvin K
amount of substance mole Mol
luminous intensity candela cd

4. m = metre,  k = Kelvin, cm = centimetre, kg = kilogramme
5. a. newton (N)  b. Pascal (Pa)  c. Kelvin (K)
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Answers
6.  The tape must be straight without kinks, without split ends and without 

corrosion, and pulled tautly between the distances being measured to 
measure accurately up to 1.0 mm accuracy.

 While using a ruler we must:
 • avoid a gap between the tape and the object to be measured
 • line up the end of the object with the 0 of the scale.
 • position the tape vertically above the scale.
7.  The SI unit for length, height, width, or distance is the metre (m). A metre is 

defined as the distance between two marks on a standard platinum-iridium bar 
at 0°C. For measuring length greater than or smaller than a metre multiple and 
submultiple units are used. You can convert a smaller quantity into a larger, 
and a larger quantity into a smaller with the help of the following table:

Unit Equivalent in metric

1 kilometre (km) 1000 m (103 m)

1 centimetre (cm) 1/100 = 0.01 m (10-2)

1 millimetre (mm) 1/1000 = 0.001 m (10-3)

1 micrometre (µm) 1/1000000 = 0.000001 (10-6)

8.  A Vernier scale has ten dimensions in 0.9 mm. The scale gives readings to 
0.1 mm or 0.01 mm with division as the Vernier lines giving a reading of 0.04 
mm so the open jaw = 3.2 cm + 0.04 cm = 3.24 cm.

  When outer dimensions of an object are to be measured, it is placed between 
the jaws of the Vernier caliper. The two jaws are then moved together until 
they hold the object. The screw clamp of the caliper is tightened to get the 
accurate reading.

  The reading of the first significant figures is read immediately to the left of 
the zero of the Vernier scale and the remaining digits are taken as the Vernier 
scale division that lines up with any main scale division

9.  The screw gauge is used to measure even smaller dimensions than the 
Vernier calipers. The micrometer screw gauge has an auxiliary scale which 
measures hundredths of a millimeter. It is marked on a rotary thimble. This 
thimble moves forward or backward for one complete revolution, two full turns 



1195

close the jaws by 1.00 mm.  The rotating thimble is subdivided into 50 equal 
divisions.  The thimble passes through a frame that carries a millimeter scale 
graduated to 0.5 mm.

  The object to be measured must be placed between the jaws and the thimble 
is rotated until the object is held firmly. The first significant figure is taken 
from the last graduation showing on the sleeve directly to the left of the 
revolving thimble. An additional half scale division i.e. 0.5 mm must be 
included if the mark below the main scale is visible between the thimble and 
the main scale division on the sleeve. The remaining two significant figures 
are taken directly from the thimble opposite the main scale.

10.  There are different ways to measure the volume of a liquid. The method of 
measurement depends upon the quantity of liquid. For large volumes of liquid 
measuring cylinders are used and for small and accurate volumes pipettes 
and flasks are used. The SI unit for volume is the cubic metre (m3).

11.

Mass Weight

It is measured in kilogrammes. It is measured in newtons.

It is the measure of the amount of 
matter in an object.

It is a vector quantity (a pull is a 
force which has a direction).

It is constant everywhere. It changes slightly when an object 
moves to different places, e.g. 
Earth, Moon, space.

It can be weighed by comparison 
with a standard mass or by 
measuring weight and assuming 
that the mass is proportional to 
weight at a particular place.

It can be measured by the 
extension of a spring balance or by 
comparison with another weight on 
a beam balance.

12.  Mass is the measure of the amount of matter in a body, whereas weight is the 
pull of the Earth on an object. This pull or weight is caused by gravity. The 
weight of an object varies from place to place on the surface of the Earth, the 
Moon, and in deep space away from gravity where an object has no weight.

13.  Densities are different for different objects depending on the degree of 
compaction of matter in them. Density shows how much matter is contained 
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in 1 cm³ or 1 m³. In a dense substance the matter is condensed, closely 
packed, or compressed, whereas in objects of low density matter is loosely 
packed.

14.  a.  a wooden sphere of density 0.4 cm³ and mass 500g density = m/v 
therefore v = dm v = 0.4 cm-³ × 500 g = 200 g/cm³

 b.  a gold bar which weighs 1.23 kg, where density of gold is 19.32 g/cm³ m 
= 1.23 kg converting it to grammes we get 1.23 × 1000= 1230 V = m/d 
V = 1230/19.3 V = 63.73 cm³

15. Some particularly useful clocks are:
 • the oscillation of a quartz crystal used in watches.
 •  the oscillation of the electrons in an electric circuit such as the 50 hertz 

frequency on the mains electricity.
 •  the mechanical oscillation of the pendulum or a balance wheel in a clock 

or watch.
 •  the time taken by some grains of sand to fall through a narrow neck in a 

tube as used in the egg timer.
 • the rotation of the Earth on its axis.
 • stop watches and timers graduated in 1/5 or 1/10 second time interval.
16. 52°F into K (F - 32) 5/9 + 273.15
 = (52-32) 5/9 + 273 = 20 × 5/9 + 273
 = 20 × 0.5 + 273 = 10 + 273
 = 283 52°F = 283 K
 96° C into K C + 273.15
 = 96 + 273 = 369 K
 98° C into °F (C × 9/5) + 32
 = (98 × 9/5) + 32
 = (176) + 32
 = 176 + 32
 = 208°F
17. i. d  ii. c  iii. a  iv. a  v. b  vi. c
 vii. a  viii. d  ix. a  x. a
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Unit 12

1. The reasons that have motivated man to explore space are:
 •  To understand more about the universe. This helps us to learn more about 

our race. It is helping us to find out if only Earth supports life, and about 
the origins of the Earth.

 • It encourages technological development.
2. The three major tracks of space explorations are:
  Astronomy: Tools such as radio telescopes and spectrometers are now 

helping us to find objects that were only theories, such as black holes, dark 
matter, and even Earth-like planets thus we know more about the universe.

  Exploring the solar system: The second area of exploration has been with 
artificial satellites and probes. These have been used with great effect to 
explore the solar system.

  Human space exploration: This is where least progress has been made so 
far. The farthest that mankind has been from Earth is the Moon, and the last 
mission to the Moon was about forty years ago.

3.  The biggest challenge for human exploration is the race to Mars. The biggest 
challenges so far are radiation and the side-effects of microgravity or no 
gravity over long periods in the space. One possible solution is a more 
powerful propulsion system. The rocket now being tested for this purpose is 
powered by nuclear reaction. This rocket, with its plain shape is expected to 
cut the trip to Mars from three months one way to thirty-nine days.

4.  Proxima Centauri is the nearest star to the Sun at a distance of 4.3 light 
years. Deep space travel seems beyond the reach of even the most extreme 
human efforts.

5.  Orbital telescopes function as eyes in the sky that allow astronomers to peer 
farther into the universe and see the cosmos more clearly.

6.  In December 1993, astronauts from the space shuttle Endeavor performed a 
spacewalk to repair the telescope in orbit some 353 miles above the Earth. 
The repairs worked and the telescope began to deliver crystal clear images

7.  A spectrometer is used to study the emission and absorption of various 
materials in physics, chemistry, and astronomy. The working of a spectrometer 
may vary according to its construction, but the basic principle remains the 
same. Light enters the spectrometer slit and is collimated as it passes through 
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a dispersive element (like a prism) or a diffracted element which splits it into 
its component wavelengths. Then the dispersed or diffracted light is reflected 
by mirrors to a plain surface for analysis.

  A spectrometer is used to analyze the nature of light emitted by various 
sources. It is used to analyze properties of light, including its intensity 
variation according to wavelength.

  Spectrometers fitted on the rovers that landed on Mars helped in analyzing 
the material composition of the Martian surface.

8.  A spacecraft, or spaceship, is a vehicle intended to be launched into space, 
manned or unmanned, designed to orbit the Earth, or travel to celestial 
bodies for purposes of research, exploration, etc. Spaceship, spaceshuttle, 
space probe, space capsule, space rocket, lunar module, etc. are a few 
examples of spacecraft.

9.  GNS stands for global navigation system. It enables the timely delivery of 
essential goods by providing ships with navigation information. GNS services 
are made available using networks of satellites which also enable satellite 
Internet and satellite phones.

10.  Metal alloys that are manufactured to be used in spacecraft and space 
shuttles are also used in manufacturing surgical instruments. Nitinol, an alloy 
of nickel and titanium, is used to make braces. The miniature electronic 
components which were developed for the space programme can be used 
in the electronic pain-control devices that some patients need.

11.  Energy source: Scientists and researchers all over the world are attempting 
to harness the power of nuclear fusion, the process which enables the Sun 
to produce energy in abundance. It is believed that the quantity of electricity 
generated using 1 kg of hydrogen would be equivalent to that of 11 000 
metric tonnes of coal.

  Asteroids: Space exploration lets us learn about the “drifts” of thousands of 
asteroids and we can prevent the ‘dinosaurian death of mankind” by taking 
precautions.

  Electronics: Astronauts have manufactured miniature electronic parts that can 
only be produced in space during their experiments in the space stations and 
space shuttles.

  Minerals and Mining: Minerals buried deep under the Earth’s surface can be 
located using satellites. Precious fossil fuels can be found with the help of 
satellites.
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  Natural Calamities: It is easier to predict natural calamities such as floods, 
tornadoes, and hurricanes, and to locate wild fires and their extent with the 
help of satellites.

  Communication: Internet, mobile phones, i phones, i pads, etc. are possible 
only because of satellites.

12.   Astronauts live like us in space, but there is a difference in living habits due 
to the absence of the force of gravity. They sleep in sleeping bags fitted to 
the wall, and eat and bathe differently. They have to exercise a lot as their 
heart and other muscles atrophy.

13. 
 • Weightlessness causes space motion sickness.
 •  There is no natural “up and down’ determined by the senses. Sight, 

hearing, and touch signals do not match as they do on Earth and there 
is a sudden input of confused signals to the brain.

 •  Headaches, loss of appetite, upset stomach, and the loss of efficiency in 
activities are the initial symptoms.

 •  They have puffy face because there is more fluid in the upper part of the 
body; the legs get much smaller in circumference because there is less 
fluid in the lower body.

 • Lack of thirst causes dehydration.
 • The heart shrinks.
 • The muscle system slackens.
14.  The problems we are facing in space exploration are to provide the energy 

sources required to power the spacecraft, and cope with the health hazards. 
Solar sail to power spacecraft, super-precise atomic-powered instruments for 
navigation, and laser relays for long-distance communications are in the early 
stages of development and may be ready for testing in the next few years. 
Many potential breakthroughs are still on the drawing board and the fact that 
these inspirations come from credible scientists and engineers gives us hope 
that someday they will become a reality and humans will roam the cosmos.

15. i. c  ii. b  iii. b  iv. a  v. a  vi. b  vii. a  viii. a  ix. b
 x. b  xi. a  xii. a  xiii. a  xiv. b  xv. a  xvi. c  xvii. a
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Unit 13

1.  The process of manufacturing soap is known as saponification. In 
saponification, the fats and hydroxides are heated to make sodium tristearate, 
or sodium stearate (soap), and glycerol. Salt is added to this mixture to 
dissolve the glycerol. This process is known as salting out the soap. As this 
is heavier than soap, it settles at the base of the container and the soap floats 
above it. The salt and glycerol mixture is drained out from the bottom of the 
container. The remaining soap is again boiled with water to obtain clean soap 
which is collected from the top and poured into moulds and dried for use.

2.  Soap is the sodium and potassium salts (NaOH/KOH) of fats which are used 
as surfactants for cleaning. The fatty part of the soap is of the C16 to C18 
chain of the carboxylate group. The fatty substance is vegetable oil and/or 
animal fat which is turned into simpler single units of glycerol or triglyceride 
when treated with sodium or potassium salts, giving off sodium tristearate 
(commonly called soap) during the process.

3.  Soaps can be classified into different types depending on their uses. These 
are as follows:

 a.  Toilet soaps: These soaps are mostly made from animal oils and a small 
percentage of vegetable oils. Animal oils consist of oleic acid and stearic 
acid. Vegetable oils include coconut oil and palmate oil. In these soaps 
fragrance and colour are added for marketing.

 b.  Laundry soaps: These soaps are made from fats which are heated with 
resin and caustic soda. As they melt, they solidify. Before they solidify, 
sodium silicate, sodium phosphate, and washing soda are added to 
increase its cleansing effect. These soaps are used for washing clothes.

 c.  Kitchen soaps: Kitchen soaps are used for washing utensils, crockery, 
and cutlery. Fine pieces of silica and washing soda are added to these 
soaps to enhance the cleansing effect.

 d.  Shaving soaps: Shaving soap manufacture requires good quality edible 
oil or animal fat which is treated with potassium hydroxide. There is an 
excessive amount of stearic acid in shaving soap which prevents them 
from drying out.

4.  Soaps are used for cleansing purposes. They remove dirt from the skin and 
clothes. Oily and greasy substances trap water molecules and do not allow 
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them to disperse. Soaps have the ability to dissolve the greasy and oily layer 
so the water molecules can reach the dirt and remove it.

5.  Detergents are synthetic organic cleaning agents with a wetting-agent and 
emulsifying properties for cleaning solid surfaces. They are soapless and are 
salts of sulphonic acids (organic acids). The composition of detergents 
consists of two parts: the first part is the hydrocarbon chain, and the second 
part is the molecule of sulphates or the sulphonate group. This composition 
is treated with sodium salts to make it water soluble.

6.  Powder detergents are usually produced by the following three processes, 
or the combination of all these processes:

 a.  Spray drying: In the spray drying process, dry and liquid ingredients are 
combined in a tank called a crutcher. Here these ingredients form a thick 
suspension which is heated and then pumped to the top of a tower in the 
form of small droplets. These droplets are sprayed through nozzles under 
high pressure. The droplets fall through a current of hot air, forming hollow 
granules as they dry. Next the spray tower is filled with these hollow 
granules which are then collected from the bottom of the spray tower and 
cooled. Finally, fragrance, bleach, or enzymes are added as required.

 b.  Agglomeration: Agglomeration is a process which consists of blending dry 
raw materials with liquid ingredients. This blending is done with the help 
of a liquid binder which rolls these ingredients, causing them to collide 
and stick to each other, forming high-density granules.

 c.  Dry mixing: In dry mixing, dry ingredients are mixed together. Small 
quantities of liquids can be added during the process.

7.  A polymer is a high molecular weight compound formed either by the addition 
of many smaller molecules, as in polyethylene, or by the condensation of 
many smaller molecules with the elimination of water or alcohol. Several 
small units of polymer form a polymer chain. This process is known as 
polymerization

8. Plastic is a polymer.
9. Plastics are classified as
 a.  Thermoplastic: Thermoplastic belongs to the class of plastics which melt 

on heating and harden on cooling. This makes it easier for them to be 
moulded into different shapes by applying heat, without chemical changes 
in the plastics.
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 b. Thermosetting: Thermosetting is the class of plastics which can only be 
melted once before they are cooled. They cannot be reheated and thus 
cannot change shape again and again: they retain their strength and shape 
even when heated.

10.  Paints are coloured substances formed by organic solvents containing 
coloured pigments. Paint is a combination of pigments, solvents, additives, 
and binding elements. Some chemicals that are found in paint are water, 
resin, calcium carbonate, mica, polyurethane, and titanium oxide.

11. The function of each component of paint is:
 a.  Pigment: It provides colour and has concealing properties. It also controls 

the gloss of paint.
 b.  Resin: Resin has a binding quality; it is therefore used as a binder to hold 

the pigment particles together, and to provide adhesion to the surface 
painted. Water-based paints use acrylic emulsion polymers as binders.

 c.  Solvent: It is used to carry the pigments and resin. It may be organic or 
simply water.

 d.  Additives: They are used to enhance the different properties of paint. 
These properties include ease of dusting, mould resistance, scuff 
resistance, drying, and sag resistance.

12. Preparation of paints
  The preparation of paints needs accurate measurement of the chemicals. 

After weighing the chemicals the following steps are taken to prepare paints.
  Mill-base preparation and pigment dispersion: Pigments are powders which 

form clumps. These clumps must be broken down into separate particles. To 
do this they are wetted by resin and additives to stop them sticking together 
again. This process is called dispersion. High speed mixers are used for 
combining materials and dispersing these pigments. These machines consist 
of rotating, stainless steel, serrated discs, and rotating scraper blades. 
Pigments are slowly added to portions of the liquid paint chemicals to form 
the mill-base.

  Let-down: While the mill base is being prepared the let down is prepared. 
Let down is made in another mixer where resin, solvent and additives are 
combined and mixed. When both the processes, the let-down and the mill-
base, are completed, the mill-base is stirred into the let-down. This is the 
stage where any final additions are made if required.
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  The paint is then for a quality control check which tests its degree of 
dispersion, viscosity, density, hiding, tint strength, colour, application, drying 
time, gloss, and dry film appearance. Now the paints are sent for canning 
after which they are sold in shops.

13. i. a  ii. c  iii. b  iv. b  v. d  vi. c  vii. a  viii. b
 ix. b  x. a  xi. a  xii. c.  xiii. a  xiv. b  xv. a
 xvi. d  xvii. a  xviii. b  xix. a
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