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Preface

The Central Board of Secondary Education, in its ongoing journey to improve the quality of 
education, has developed the present set of resource books of Science for Classes 6-10 titled 
Science Around Us - Practice Book for Students. These workbooks, focusing on key scientific 
competencies, have been developed by CBSE in collaboration with ThinkTac.

The resolve of the National Education Policy (2020) to make education more meaningful and 
relevant finds expression in the Board’s continuous endeavour to shift focus from rote learning 
to development of competencies. Development of competencies would equip students with 
key 21st century skills as envisioned by NEP (2020).

The practice books present a series of questions organised as themes, mapped to concepts 
from the curriculum of the respective class. Each theme has multiple case studies describing a 
real-life situation. The questions following the cases require students to recall and apply 
concepts learnt in the curriculum. Implicit in it is the ability to interpret scientific data and draw 
inferences. As students engage with this resource material, they would not only strengthen 
scientific skills and competencies but also appreciate the relevance and applications of the 
concepts studied in the natural contexts. The workbooks are designed to help learners develop 
the ability to translate a real life problem as a science problem, recall and apply scientific 
processes and tools, interpret the results and draw inferences. Dialogue and collaboration with 
peers and teachers as students work on the theme would facilitate a deeper understanding.

Most real-life situations involve multiple concepts, often across academic subjects and 
classes. As the workbooks are based on exploration of real-life scenarios, a few questions may 
be from the curriculum of a lower or higher class. Adequate background information is provided 
in such cases.

We welcome feedback for further improvement.

Team CBSE

Dear Teachers
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About CBSE
The Central Board of Secondary Education (CBSE) is a national Board under the Ministry of 
Education, Govt. of India. The Board has more than 28,000 schools affiliated to it in India and
overseas. These include the Kendriya Vidyalayas, the Jawahar Navodaya Vidyalayas, Central 
Tibetan Schools, schools run/aided by the State Governments and private independent 
schools. The Board’s main objective is to foster a conducive environment in schools that 
encourages quality education and focuses on the holistic development of children. Through 
progressive and innovative pedagogies, relevant to the various contexts in India, the CBSE 
motivates schools and teachers to adopt child-centric enquiry-based techniques that allow 
children to achieve academic excellence.

About ThinkTac

Copyright © 2022 by CBSE and ThinkTac

ThinkTac is a social enterprise that integrates experiential learning and 21st century skill 
development into the academic curriculum to empower a learner to build skills that enables 
her/him to excel in life. ThinkTac offers STEM learning programmes, integrated with I – X grade 
curriculum and 21st century competencies offering material kits, resources and teacher 
empowerment to schools.

The programmes are built on a foundation of hands-on activities - built using simple, 
repurposed materials offering incredible scope for building, rebuilding and tinkering, which 
fosters creative, problem-solvers of tomorrow. This supports children to create, experiment, 
tinker, innovate and learn, mastering concepts and developing competencies needed to thrive 
in the 21st century, enabling them to choose their life purpose.

This book is licensed under the Creative Commons Attribution CC-BY-NC License and may not 
be used for any commercial purpose.
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It is recommended that you revise the following topics before you start working on these 
questions.

Pure & impure substances - mixture separation techniques, boiling point,
density, centrifuge
Types of mixtures - solutions, colloids, heterogeneous & homogeneous
solutions, solubility

Theme 1: Is Matter Around us Pure?

Each mixture separation technique depends on the difference in at least one property of 
the ingredients. For instance, if you have to separate red and yellow balls from a mixture, 
you may handpick the red balls (or yellow balls) and place them in another container. In 
this simple looking technique you are using the difference in this property - colour - of the 
balls.

I. Handpicking & Sedimentation

Case Study A - Mixture separation

Prior Knowledge

Pure and impure substances

Think of any five substances that are important to you. Do you know what they are made 
up of? It is highly probable that they are made up of more than one substance because that 
is true for a majority of substances, which make up the objects we come across in our life. 
Be it soil, wood, plastic, air or water, all are made up of more than one substance. During 
the COVID19 pandemic, oxygen became a very important substance. Note that in daily life 
we do not inhale oxygen alone. We inhale air, which has nitrogen, carbon dioxide, argon 
and many other gases, along with oxygen, but our body requires pure oxygen to conduct 
respiration. It is the extraordinary machine in our body called the lungs, which does the job 
of filtering the oxygen from the air and placing it in our blood. The way our lungs separate 
out pure oxygen from air, we need to separate out the pure substances out of the mixture 
(also known as impure substances) which contains that substance. There are various 
techniques to separate the ingredients of a mixture. Let us look at some of these 
techniques.   
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Handpicking is the separation method in which components of a mixture can be 
separated by just picking them out by hand. Handpicking uses the difference in physical 
appearance of the components of a mixture to separate them.

Sedimentation uses gravity to settle heavier particles present in a liquid mixture by 
leaving it undisturbed. Sedimentation utilises the difference in the densities of the 
components of the mixture. A common example observed in daily life is the tea leaves that 
settle down in a cup of tea.

Similarly, we have other properties which are different, which different techniques make 
use of, like the difference in the density, solubility, boiling point, melting point, size of the 
particles of the substance, etc.

Fig. 1.1, Handpicking coffee beans separated using colour of 
the beans; Image by Quadell via Wikimedia Commons

Fig. 1.2, Sedimentation of saltwater and sand
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Given below are two mixture separation techniques. 
Identify the difference in the properties of the ingredients 
of the mixture which each technique makes use of. Write 
your answer in the space provided below each question 
and picture.

Question 1

Filtration is a process used to separate particles, 
using a filter medium that allows some compo-
nents of the mixture to pass through the pores of 
the medium but not all.

i.

Fig. 1.3, Filtration through a filter paper
placed inside a funnel made by cutting
a waste plastic bottle

Answer

Distillation is the process by which a liquid is heated to create vapours. These vapours 
are passed through a medium with low temperature to condense them back into a liquid.

ii.

Fig. 1.4, Test tube containing mixture of water and acetone is heated by placing it in hot water;
vaporised acetone is passed through the straws and condensed back into the plastic container.

Answer
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II. Curcumin Extraction
Curcumin is present in the roots of a turmeric plant but is present in very small quantities 
(3% to 5%). One of the extraction processes used to extract pure curcumin from turmeric 
is explained below:

Stage 1: Turmeric root is cleaned, dried and powdered.1.

Stage 2: Turmeric powder is dissolved in alcohol. The reason for this is that curcumin
dissolves well in alcohol and poorly in water. This mixture is then filtered.

2.

Stage 3: Mixture is washed using other liquids, which dissolve other ingredients of
turmeric but not curcumin.

3.

Stage 4: The mixture of this newly added liquid and alcohol is placed in a separating
funnel. Note that the two liquids are not miscible. When left undisturbed for some time,
the denser liquid settles at the bottom of the funnel from where it can be taken out.

4.

Stage 5: Alcohol solution is separated out and alcohol is distilled out from this
solution. We are left with pure curcumin in solid form.

5.

Question 2

What is the main ingredient separated out from turmeric in Stage 1? Write your answer 
in the space given below.

i.

Name one main property of the liquid which can be used in Stage 3.ii.

If the melting point of curcumin is 183 0C, what can you say about the boiling point of the 
alcohol used in this process?

iii.

Answer

Answer

a. < 183 0C b. > 183 0C

c. = 183 0C d. None of these

Answer
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III. Temperature at Boiling Point
When a liquid is heated, its particles gain energy and the liquid’s temperature increases. 
We often talk about this quantity called temperature to talk about the degree of heat that 
an object/substance carries. The average energy of all the particles of the 
object/substance is another way to define the temperature of that substance. When the 
temperature of the liquid reaches its boiling point, its particles start escaping. As we add 
more heat, more particles take this heat and run away. This way, the particles which 
escape (vaporise) take away all the additional heat, thereby keeping the temperature 
constant until all the liquid gets converted to vapour.

If you have a mixture of two liquids with different boiling points and one starts heating the 
mixture, the temperature increases till it reaches the temperature at which one of them 
starts boiling. The temperature remains at this value until all of this liquid vaporises. If we 
continue to redirect the vapours to another chamber where it gets condensed, then we 
would have separated the two liquids.

A mixture of acetone and water is heated to distil and extract pure forms of both liquids. 
The boiling point of acetone is 56°C and that of water is 100°C. Which of the following 
graphs correctly represents the change in temperature with respect to time?

Question 3

Temperature vs Time
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IV. Fractional Distillation
The technique described in the previous section is 
called simple distillation and is used to separate 
mixtures made of liquids with considerable difference in 
boiling points. On the other hand, we use fractional 
distillation for mixtures containing chemicals with boiling 
points close to each other. One of the popular examples 
of fractional distillation is the separation of crude oil into 
ingredients like asphalt, diesel, kerosene, petrol, 
paraffin wax, LPG, etc. Each of these ingredients have 
their own unique use. Imagine using crude oil for 
cooking, in vehicles and candles!

The hot crude oil is put in a stack of connected 
chambers. The temperature of the chambers continues 
to reduce as you go upwards. The hot vapours rise up. 
As the vapours enter a chamber that has a temperature 
below their boiling point, they condense and can be 
taken out from the outlet of that chamber. The vapours 
having a boiling point below the temperature in that 
chamber continue to be in vapour form and rise up to 
the next chamber. 

Fig. 1.5, A diagrammatic representation 
of fractional distillation of crude oil in an 
 oil refinery;Image by Balajijagadeesh  

 via Wikimedia Commons

Question 4

The boiling points of petrol, diesel, paraffin wax and kerosene are given in Table 1.1. 
Arrange these products from top to bottom in terms of the position of the chambers from 
which they get collected.

Petrol

150 0C 300 0C

Topmost chamber

Bottom-most chamber

400 0C 200 0C

Diesel Paraffin wax Kerosene

Table 1.1, Boiling points of some products of fractional distillation of crude oil
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Justify your answer in part (i).i.

Answer

Fig. 1.6, Fractional distillation apparatus; Image 
by William Crochot via Wikimedia Commons

Question 5

i. An attempt is made to conduct fractional 
distillation of a mixture of three liquids, which 
have boiling points of 56 0C, 78 0C and 100 0C. 
The mixture is heated in a flask, called the 
distilling flask, and through a condenser pipe, 
passed to another container, called the 
receiving flask, where the distilled liquid gets 
condensed. Cold water is circulated on the 
walls of the condenser pipe. A thermometer is 
attached on top of the distilling flask. What 
should be done when the thermometer shows 
the temperature increase from 56 0C to 57 0C?

Water circulated around the condenser pipe should be made coolera.
Receiving flask should be replacedb.
Nothingc.
Distilling flask should be replacedd.

.

Answer

V. Solubility and Filtration
In a simple experiment, small quantities of different samples from daily life were mixed with 
100 ml of water, one at a time. The mixture was stirred and observations taken on whether 
the solute was visible after stirring or not. Note that the dissolved substance is called the 
solute and that in which it is dissolved is called the solvent.

Thermometer

Water out

Condenser pipe

Water in
Distilling
flask

Receiving flask
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Later, this mixture was made to pass through a filter paper. Observations were taken on 
whether the solute was visible in the filtrate after filtration or not. Note that the part of the 
mixture which passes through the filter is called the filtrate and that which is left over on the 
filter paper is called the residue. The solubility of the solute in water can be inferred based 
on these observations. The observations of the experiment have been recorded in Table 1.2. 

Solute
Salt No No

No

No
No

No

Yes
Yes
Yes
Yes

Yes
Yes
Yes

Yes

Cumin (jeera)
Milk

Dettol (Antiseptic)
Cooking oil

Lemon juice
Mustard seeds

Visible after stirring Visible after filtration in the filtrate

Table 1.2, Observations showing solubility of different substances in water

Draw inferences from observation results tabulated in Table 1.2 and answer the following
questions.

Question 6

Name two solutes from Table 1.2, which can be inferred to be soluble in water.i.

Name two solutes, which can be inferred to be not soluble in water.ii.

Answer

Answer
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Name one solute that is not soluble in water and can be separated using filtration.iii.

Name one solute that is not soluble in water but cannot be separated using filtration.iv.

Answer

Answer

Solute
X

No No
Yes No

Y

Visible after stirring Visible after filtration in the filtrate

Case Study B - Homogeneous and Heterogeneous Mixtures
There are two types of mixtures: Homogeneous mixtures and Heterogeneous mixtures. 
The composition of a homogeneous mixture is the same throughout the mixture whereas 
it varies in a heterogeneous mixture. When one substance gets dissolved in another, we 
get a homogeneous mixture. If the solute of a mixture can be separated through filtration 
we can conclude it is a heterogeneous mixture.

The observations of the experiment conducted in the previous section - mix with 100 ml 
water and filter - for two solutes named X and Y is shown in Table 1.3.

Table 1.3, Observations showing solubility of two unknown solutes, in water

Two samples were collected from each of these two mixtures: (X + water) and (Y + water).
One was collected from top of the container and one from the bottom. Using the results of 
the experiment with solubility and filtration shown in Table 1.3, answer the following 
questions.

Question 7
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Will the concentration of the two samples from Mixture X be the same or different? 
Support your answer with an appropriate justification.

i.

Will the concentration of the two samples from Mixture Y be the same or different? 
Support your answer with an appropriate justification.

ii.

Answer

Answer

Case Study C - Colloids
The main reason we cannot separate the solute and solvent of a homogeneous mixture 
using filtration, is that the particles of the solute here are very small. They pass through the 
holes of a filter. On the other hand, the particles of a heterogeneous mixture are bigger 
and, depending on the size, may be separated by filtering or even by leaving undisturbed 
to allow the particles to settle (sediment) at the bottom. However, there are some 
heterogeneous mixtures, like milk, blood, smoke, etc., where the size of the particles is 
neither too big to filter/sediment nor too small to dissolve fully. These are called colloids.

One of the ways to separate the ingredients of a colloid is to place the mixture in a 
container and rotate it at a very high speed. When milk goes through this process, the fat 
gets separated. This process is called centrifugation and the instrument used is called a 
centrifuge. A centrifuge throws denser particles of the mixture further away (more than the 
lighter particles) from the centre of the circle around which it rotates. This leads to the 
separation.

Inspired by the design of Prof Manu Prakash (Stanford University), here is a simple way to 
make your own centrifuge using cardboard, a shirt button, cotton thread and small vials to 
hold the colloid.

Centrifuge
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Fig. 1.7, Cut out a circle from 
cardboard

Fig. 1.8, Make a hole at the centre of the
circle and glue a shirt button in this hole.

Fig. 1.9, Insert one end of a thread
through one of the button holes

Fig. 1.12, Add fine soil into a small cup
of water and stir it well

Fig. 1.10, Take the thread out on the other
side and insert it into the opposite hole

Fig. 1.11, Tie the two ends of the thread
and the paper centrifuge is ready.

Fig. 1.15, Tape the vial with the sample
on one end of the cardboard cutout

Fig. 1.13, Add the soil mixture in a
small vial

Fig. 1.14, Make sure to fill the vial fully
before closing it

Fig. 1.17, Wind the threads, rewind back by  
 pulling them from the twosides and  
rotate the centrifuge at high speed

Fig. 1.16, Use two ice cream sticks or
your fingers to hold the thread 

loops at either end.
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You may have noticed that the water in a pond/lake is sometimes brown in colour, 
especially after rain. This is because of the fine mud particles, which are denser than water 
but small enough to not sediment easily. A sample of such water was collected in the vials 
shown in Fig 1.13 and 1.14. These vials have a conical shape with one end wider than the 
other. If it is fixed on the centrifuge with the wider end pointing towards the centre of the 
centrifuge, which of the following pictures represents the state of the vial after the mixture 
gets separated?

Question 8

Vial with solid at the tip

A. B. C.

No solid formation observed
Picture of vial with solid at 

the wider end (the lid)

a. Option A b. Option B

c. Option C d. This type of mixture can't be separated

Answer

Case Study D - Oil Spills
Humans have been extracting crude oil from offshore oil rigs for decades. These are highly 
profitable for companies, but can have catastrophic environmental impacts; oil spills being 
one of the major threats. While stringent prevention methods are employed to minimise 
their occurrence, rigging companies have to also ensure that there are adequate clean-up 
methods in place in case there is a spill. One of the simplest methods is called In Situ 
Burning, where the spilled oil is ignited. Note that there are different types of oils which 
pollute the environment of the ocean. The ease with which the oil can be burnt would 
depend on the type of oil.

If the oil spilled in a certain part of the ocean is burnt successfully, what does it tell you 
about the solubility and density of that oil?

Question 9
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Soluble in water; less dense than watera.
Soluble in water; more dense than waterb.
Insoluble in water; less dense than waterc.
Insoluble in water; more dense than waterd.

.

Answer

Which of the following parameters should be observed to study the side effects of in situ 
burning on the environment? Tick all which you think are relevant.

Question 10

Time required to burn the oila.
Residue in water after burningb.
Chemical composition of marine organisms before and after burningc.
Thickness of layer of oil before burningd.

.

Answer

Exploration Pathway

A centrifuge is a device that uses rapidly spinning containers to separate substances based on their 
density. The apparent centrifugal force pushes the denser materials to the extreme ends of the container 
while the less dense materials remain nearer the centre.

In this remarkable creation of Prof. Manu Prakash from Stanford University, we make a "centrifuge", using 
just cardboard, cotton thread, vials and a button. With one's own hands, one can wind the thread and spin 
the cardboard at about 3000-4000 rpm, and easily separate certain colloidal mixtures, such as muddy 
water and even blood!

Explore
Physical Change

Physical change relates to change in the shape, size, appearance or state, of a substance with its 
chemical composition remaining the same.  Physical changes are used to separate mixtures into their 
component compounds, but cannot usually be used to separate compounds into chemical elements or 
simpler compounds. In this TACtivity, we explore reversible physical changes in Copper Sulphate and 
other chemicals.

DIY Centrifuge

Different solvents have varying solubilities for different solutes. Here, we test the solubility of common 
salt in water at varying temperatures and the impact of stirring.

Matter - Solubility
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There are various methods to separate a mixture of solids. This TACtivity explores the common 
methods of separation - sublimation, sedimentation, decantation, filtration and evaporation.

DIY Distillation

Distillation is the process of separating the components or substances from a liquid mixture by using 
selective boiling and condensation. In this TACtivity, we create our own distillation setup with plastic 
bottles and a straw to extract propanol mixed with water.

Sublimation, Filtration
and Evaporation

Mixture - Types

There are two main categories of mixtures: homogeneous mixtures and heterogeneous mixtures. In 
a homogeneous mixture, all the substances are evenly distributed throughout the mixture (saltwater, 
air, blood). In a heterogeneous mixture, the substances are not evenly distributed (chocolate chip 
cookies, pizza, rocks). We explore a few interesting properties of these two types of mixtures in this 
TACtivity.



It is recommended that you revise the following topics before you start working on these 
questions.

Cells - cells and organelles of cells, functions of different organelles of cells
Movement across the cells - osmosis, hypertonic/hypotonic/isotonic solutions,
permeable/semi-permeable membranes

Theme 2: The Fundamental Unit of Life

Prior Knowledge

Zoom out Zoom in!

Imagine you are standing one metre away from a 10 storey 
building. What do you think would be the height of a building 
of this size? Most of the modern architectures have a 
standard height of 10 feet (around 3 metres) for each floor. 
Going by this estimate, the approximate height of this building 
would be around 30 metres. Can you see the entire building 
from where you are standing? What if you go away from the 
building? If you continue to move away from a building and 
nothing blocks your view of the building, what is the height of 
the tallest building that your eyes can see? 

Now let us do the reverse. Imagine standing in front of Burj 
Khalifa in Dubai such that you can see the entire building. If 
the building got replaced by a giant ruler, you would see a 
ruler, which is almost a kilometre long, standing vertically. If 
you move closer to this ruler, what would be the length of the 
ruler you will be able to see if you stood one metre away from 
it? If you move closer and closer, what would be the smallest 
length that you will be able to see with your naked eye? 

It is said that healthy human eyes can see objects as small as 0.1 mm without the support 
from any other instruments/tools. In practice, most human eyes would struggle to see 
anything smaller than 0.5 mm, which is 500 micrometres. If we want to see anything within 
the range of 1 micrometre, then we need microscopes.

Fig. 2.1, Burj Khalifa, an 828 m tall
 building located in Dubai; Image by 

King of Hearts via Wikipedia

20Competency Based Education - IX (Science)



21Competency Based Education - IX (Science)

Question 1

Case Study A - Magnification of a Microscope

Fig. 2.2 shows the microscopic view of a plant 
skin. You may notice thick black lines forming 
square shapes around the cells. A grid of 
square shapes printed on a transparent sheet 
(see Fig. 2.3) has been fixed behind the lens 
of a simple (single lens) microscope (see Fig. 
2.4) so that the structures viewed through the 
microscope show these squares around the 
microscopic structures. This can help in 
estimating the size of the structures.

If the size of each square of the grid is 1 mm x 1 mm, estimate the size of each cell and 
pick the option from below which matches the best. The first number in each option given 
below represents the height and the second represents the width. Note that 1000 μm = 
1 mm and 1000 nm = 1 μm.

i.

Fig. 2.2, Plant epidermal cells viewed through a
microscope with a measurement grid of 1 mm x 1 mm

stuck outside the microscope’s lens

a. 100 nm x 300 nm b. 300 µm x 100 µm

c. 100 µm x 300 µm d. 0.5 µm x 1.5 µm

Answer

Fig. 2.3, Grid of square shapes printed on a 
transparent sheet

Fig. 2.4, Grid fixed behind the lens of microscope
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Question 2

Magnification  = Size of the image of the object
Actual size of the object being viewed

When the 1 mm x 1 mm squares are viewed through the microscope, they look bigger. 
What we see through the microscope is called the image of the square. As seen in Fig. 2.2, 
the size of the image of these squares is 3 cm x 3 cm. What is the magnification provided 
by this microscope? Refer to the given formula to calculate the magnification and write 
your answer in the space provided.

ii.

Answer

Case Study B - Mitochondria
It is hard for the human eye to clearly see anything smaller than 0.5 mm. The size of the 
cells is in the μm range (around 100 times smaller than what our eyes can discern). What 
is inside the cells is even smaller. One of the organelles of a cell are mitochondria (singular: 
mitochondrion), which use oxygen to burn glucose and produce energy required by the 
cells. This is why they are also called the powerhouse of the cell.

Fig. 2.5, Smiley face mitochondrion; Image cropped from image shared by Serge Golyshev via Flickr.com

Fig. 2.5 shows the image of a mitochondrion, magnified 25000 times through a micro-
scope. The length of the image is 75 mm. What is the actual size of the mitochondrion?

For i to iii, write the answer in the space provided after each.

i.

Answer
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How many mitochondria of this size can you line up end to end between two of the mm 
marks on your ruler?

Number of Mitochondria in Different Cell Types

Cell Types

ii.

While all living organisms are made up of cells, depending on the function performed by 
an organ, it is made up of different types of cells. Eg: the cells which communicate 
messages across the body, called the nerve cells, have a different design and internal 
structure when compared to the elastic muscle cells which make up parts, like the arm 
biceps or the pumping machine, our heart.

A study was conducted to find a correlation between the number of mitochondria present 
in a cell and the cell type. The graph shown in Fig. 2.6 captures this data for five different 
cell types. What can you infer about the energy requirement of cell type E when 
compared to other cell types? Justify your answer.

iii.

Answer

Answer
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Fig. 2.6, Bar chart showing number of mitochondria per cell for different cell types.
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Case Study C - Cell Fractionation
Cell fractionation is a technique for separating the components of a cell while preserving 
the functionality of each component. The process involves the following stages:

A centrifuge throws denser particles of the mixture further away (more than the lighter 
particles) from the centre of the circle around which it rotates. This leads to the separation. 
If the mixture was left undisturbed for a long time, the denser particles would sediment at 
the bottom due to the Earth’s gravitational pull. By centrifuging, we speed up the process 
of sedimentation. Higher the speed with which the centrifuge rotates, faster is the 
sedimentation. When run at low speed, the macroscopic debris gets separated but the 
cells remain intact. The smaller organelles of the cell get separated only when the 
centrifuge is run at high speeds and further smaller ones get separated when centrifuged 
at very high speeds for a longer duration.

What gets collected at the bottom after centrifugation is often called the pellet. Table 2.1 
shows different speeds at which a centrifuge is rotated during fractionation and the pellet 
contents, which get separated at each of those speeds.

A tissue sample is first broken into small parts through chopping, grinding, etc., and 
placed in a medium, which can provide enough nutrition to the cells. This medium is cold 
and isotonic in nature.

1.

After this, the solution with the cells is placed in a centrifuge, which is made to rotate at 
controlled speeds.

2.

Centrifuge Speed (G) Pellet Content

Low speed (centrifuged for 10 mins) Nuclei, cell debris

Mitochondria, chloroplasts, lysosomes

Ribosomes, some soluble enzyme complexes

Plasma membrane, pieces of endoplasmic reticulum

Moderate speed (for 20 mins)

Very high speed (for 120 mins)

High speed (for 60 mins)

Table 2.1, Centrifuge speed and pellet content at respective speed

Question 3
Based on the data given in Table 2.1, arrange the following organelles of a plant cell in 
the decreasing order of their size. Assume that the density of cell organelles is closely 
related to the size.

i.
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Question 4

The case study section on cell fractionation specified some properties of the medium in 
which the tissue sample is placed. If these properties are not kept in mind, the objectives 
of cell fractionation may not be met. What do you think will happen if the medium was 
hypotonic? Why? Recall that a hypotonic solution will have a fewer number of solutes 
dissolved in it compared to the solute concentration inside the cells.

________________ > _________________ > ________________ > ________________

Based on the data in Table 2.1, name any two cell organelles which have a similar size. 
Write your answer in the space provided.

ii.

A. Chloroplast B. Ribosomes

C. Plasma membrane D. Nucleus

Answer

Cell organelles may get damaged because water may exit from the cella.
Separation of organelles won’t be possible since cells will start 
multiplying as water from the medium enters the cells

b.

Cell organelles may get damaged due to water from the medium 
entering the cell

c.

Centrifugation requires a liquid medium, but since water will exit
from the cells, centrifugation and hence the separation of
organelles won't be possible

d.

.

Answer

The difference between the concentration of solutes inside a cell and that in its 
environment plays a major role in the movement of fluid and nutrition into and from a cell. 
This movement of fluid is called osmosis, which happens across a layer with small holes. 
The holes are small enough for the solute to not pass through but big enough for the 
solvent. This means if you had a bag containing sugar water where the pores (holes) in the 
bag are small enough to prevent sugar molecules from coming out, then sugar won’t move 
out easily. However, if the pores are big enough for the smaller molecules of water to pass 
through, then water will move across the bag. When such a bag is placed in plain water, 

Case Study D - Osmosis
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more molecules of water will move into the bag from outside compared to those moving out 
from the bag. Eventually the bag will have more water than before. In this case, the bag is 
acting as what is known as a semipermeable membrane, since it is permeating water to 
come in but not the sugar molecules to go out.

A plant cell has a cell membrane as well as a cell wall outside the membrane. The cell wall 
gives regular shape and rigidity to the cell. It has big pores and is considered fully permeable.

Question 5

A plant tissue sample is placed in distilled water. Predict if any water movement will happen 
into/outside the cells. Also identify the permeability of the layers relevant here, through 
which water will / will not pass through.

Water will enter the cells; cell wall and cell membrane are both
fully permeable

a.

Water will enter the cells; cell wall is fully permeable and cell
membrane is semipermeable

b.

Water will come out of the cells; cell wall and cell membrane
are both fully permeable

c.

Water will come out of the cells; cell wall is fully permeable
and cell membrane is semipermeable

d.

.

Answer

Case Study E - Explore Osmosis
The following experiment setup was prepared to understand osmosis.

Fig. 2.7, A potato is taken and cut in half after removing the peel.
A cup shaped cavity is carved in the middle of each potato half.
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Place both the setups aside for 3 hours and observe the level of water inside the cavity of the potato cups.

Fig. 2.8, 50 ml of sugar solution is prepared with 7% concentration, i.e. 3.5 g sugar dissolved in 50 ml water

Fig. 2.9, Sugar solution poured 
in the cavity of Potato Cup I

Fig. 2.10, Level of sugar solution
marked using a paper pin

Fig. 2.11, Plain drinking water poured
outside Potato Cup I. This is Setup A.

Fig. 2.12, Plain drinking water poured 
in the cavity of Potato Cup II

Fig. 2.13, Level of drinking water
marked using a paper pin

Fig. 2.14, Sugar solution poured
outside Potato Cup II. This is Setup B.

Question 6

Predict what will happen in Setup A after it is left aside for 3 hours.i.

Water goes below the pin levela.
Water goes above the pin levelb.
Water level remains unchangedc.

.

Answer
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Predict what will happen in Setup B after it is left aside for 3 hours.ii.

Water goes below the pin levela.
Water goes above the pin levelb.
Water level remains unchangedc.

.

Answer

What is the role of the paper pin in the osmosis experiment described in Fig. 2.7 to 2.13? 
Write your answer in the space provided. Also state the properties of the pin which make it 
suitable for this role.

Question 7

Answer

Answer

Another setup, which was the same as Setup B, was created. The only difference here was 
that the potato peel was not removed from the bottom of the potato before placing it in 
sugar solution. The results were different when compared to Setup A and B. It was 
observed that the water level remained unchanged after the setup was left undisturbed for 
3 hours. Explain the results in the space provided.

Question 8

In one of the potato cup setups, it was observed that the water level inside the cavity goes 
above the level marked by the paper pin. The time taken for the water level to go above the 
paper pin was observed and recorded. The concentration of sugar solution was varied and in 
each case, the time taken to cross the paper pin level was observed. The graph shown in 
Fig.2.15 plots the time taken for different concentrations of sugar. The concentration of sugar 
was measured in terms of the number of grams of sugar dissolved in 100 ml of water.

Question 9
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Concentration of sugar (g/100ml)

Fig. 2.15, Graph plotting concentration of sugar vs time taken for water level to go above the pin

What can you conclude about the impact of concentration of the solute on the rate of osmosis, 
based on this data? Pick the most suitable option out of the following.

Rate of osmosis decreases as the concentration of the solute is increaseda.
Rate of osmosis decreases as the concentration is increased
till a certain limit and remains constant after that 

b.

Rate of osmosis increases as the concentration of the
solute is increased

c.

Rate of osmosis increases as the concentration is increased
till a certain limit and remains constant after that

d.

.

Answer

An onion peel, labelled as Sample 1, was placed in a hypertonic solution for 8 hours and 
then observed under the microscope. Another one, labelled as Sample 2, was placed in a 
hypotonic solution. Which of the following pictures represents Sample 1 and Sample 2? 
Write your answer in the blank space provided next to the sample name.

Question 10

Fig. 2.16, Picture A, Epidermis of Rhoeo
Discolour; Image by mnolf via Wikipedia

Fig. 2.17, Picture B, Epidermis of Rhoeo
Discolour; Image by mnolf via Wikipedia
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Sample 1 ---> Picture _________________________________i.

Sample 2 ---> Picture _________________________________ii.

Exploration Pathway

The onion peel is so fascinating because with your bare hands, you can easily peel off a unicellular 
layer from this very tasty stem vegetable. This peel can then be placed on a microscope slide and 
"stained", so that you may observe the wonderful brick-like structure of onion plant cells through your 
own DIY Microscope

Explore Osmosis

Osmosis is the process by which solvent molecules move from a less concentrated to a more 
concentrated solution through a semi-permeable membrane. This process is vital in all kinds of 
biological scenarios (in our kidneys, in plants etc), as well as human applications (e.g. water filters). 
Here, we use a potato to demonstrate  two different kinds of osmosis - endosmosis and exosmosis.

Microscope -
Epidermal Cells

Plasmolysis is the process in which cells lose water in a hypertonic solution. In this TACtivity, we use 
an onion peel or epidermis of some leaves to observe the process of plasmolysis under a DIY 
Microscope.

Explore Plasmolysis
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It is recommended that you revise the following topics before you start working on these 
questions.

Motion - inertia, uniform and non-uniform motion,
Rate of motion - average speed, instantaneous velocity, average velocity, rate
of change of velocity
Graphical representation of motion - distance-time graph, velocity-time graph,
equation for velocity-time relation

Theme 3: Motion

Prior Knowledge

Road Accidents

One of the common forms of road accidents 
is a rear-end collision, where the vehicle at 
the back collides with the one in front. 
Although both the vehicles and the 
passengers inside are likely to undergo equal 
damage, the law in most countries considers 
the rear vehicle responsible for these 
accidents. One possible reason for this stand 
taken by the law is that the rear vehicle has 
full visibility or rather, is supposed to have the 
full visibility of the vehicle(s) in the front and 
maintain sufficient time and distance to react. 

Shyam, with his three school friends, went on a road trip on a two-lane highway. Shyam 
feels it is better to keep a maximum gap of 4 m from the car in front as it helps him to 
overtake the car in front as soon as he finds a little gap in the traffic coming from the other 
direction.

But Rizwan believes that each individual has a different visual reaction time / response 
time, which is the time we need to respond after seeing an event. This time varies from 
person to person, as it depends on multiple factors such as age, sleep and other 
distractions around.

Fig. 3.1, Highway with two lanes, one for traffic 
in each direction
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Case Study A - Reaction Time

One of the easiest ways to determine the nervous system reaction time is to catch a 
free-falling ruler dropped by another person. The time one takes to catch the ruler after 
seeing its movement is the visual response time.

Shyam and Rizwan perform this experiment.

Answer the question below.

Question 1

Which of the following equations can Shyam and Rizwan use to calculate the response 
time?

Fig. 3.2, Shyam was asked to rest his hand on 
a surface and stretch his thumb and forefinger 
parallel to the zeroth mark of a 1 m ruler, held 

vertically by Rizwan.

Fig. 3.3, Rizwan drops the ruler and Shyam 
holds it as soon as he sees the movement. 
The position where the ruler isheld is noted.

Answer

a. v = 

where,    v = Average speed
 s = Total distance travelled
 t  = Total time taken

b. v = u + at
where,    v = Final velocity
 u = Initial velocity
 a = Acceleration
 t  = Time

d. v2 = u2 + 2as
where,    v = Final velocity
 u = Initial velocity
 a = Acceleration
 s = Distance travelled

c. s = ut + 
where,    s = Distance travelled
 u = Initial velocity
 a = Acceleration
 t  = Time

1
2at2

s
t
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Question 2

Shyam and Rizwan continued with the experiment of measuring the distance after which Shyam 
caught the ruler. Two different experiments were conducted, as shown in Fig. 3.4-3.7:

Experiment 2

Fig. 3.4, Shyam kept his eyes closed Fig. 3.5, Shyam detected the release of 
the rulerby Rizwan by listening to the sound 

made when the ruler was released. 

Experiment 3

Fig. 3.6, Shyam kept his eyes closed Fig. 3.7, Shyam detected the release of 
the ruler based on the signal given by 
Rizwan. Rizwan signalled the release 

by tapping on Shyam’s hand.

Which type of response time is being measured by the two experiments? Fill in the blank
space by choosing appropriate options out of these two - Touch Response Time, Auditory
Response Time.

Response time measured by Experiment 2 is _________________________________i.

Response time measured by Experiment 3 is _________________________________ii.
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Question 3
If Shyam has a visual response time of 0.2 seconds and he takes 0.5 seconds to 
apply the brakes completely and it takes a total of 0.8 seconds for him to apply the 
brakes fully and the car to come to a halt after the brakes are applied, then which of 
the following velocity-time graphs correctly represents the situation? Assume the 
start time to be after Shyam sees the vehicle in front stop. Note that Shyam has 
been driving the car at a speed of 80 km/h.

A 

C

B

D

Time (sec)

Ve
lo

ci
ty

 (k
m

/h
)

Time (sec)
Ve

lo
ci

ty
 (k

m
/h

)

Velocity - Time GraphVelocity - Time Graph

Time (sec)

Ve
lo

ci
ty

 (k
m

/h
)

Velocity - Time Graph

Time (sec)

Ve
lo

ci
ty

 (k
m

/h
)

Velocity - Time Graph

Answer

Question 4

How much distance will the car travel before coming to a halt? Write your answer in the 
space provided below.

Answer
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Question 5

By looking at the value of the distance arrived 
based on these calculations, Shyam and 
Rizwan decided to refer to standard data and 
recommendations as well. They found a 
graph (see Fig. 3.8), which plots the distance 
a vehicle travels before coming to a halt 
(stoping distance), after the vehicle’s driver 
identifies the need to apply brakes. The 
stopping distance varies depending on the 
type of vehicle and its speed at the time when 
the need to apply brakes is identified.

Choose the statements that can be interpreted from the graph shown in Fig. 3.8. More than 
one option may be correct.

Stopping Distance vs Speed

Speed (km/h)

To
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)

Fig. 3.8, The plot of total stopping 
distance vs speed of automobiles and 

trucks. Data sourced from Code 
of Virginia, The State of Virginia.

For a given speed, a truck takes less time to stop when compared to
a car.

a.

Stopping distance increases with the speed of the vehicleb.
Shyam's estimate of 4 m as the safe distance matches with the safe
distance which can be inferred from the graph. Recall that Shyam
was driving at a speed of 80 km/h.

c.

The safe distance also depends on the type of vehicle in front of usd.

.

Answer

Question 6

Based on the given graph, which vehicle would travel a longer distance after applying 
the brakes?

i.

Answer
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When a vehicle undergoes a rear-end collision, the passengers inside experience a 
peculiar body movement. To study the impact, an experiment was conducted where the 
rear-end collision was simulated by moving the car abruptly with a high acceleration. A 
dummy was placed inside the car. The seat belt was fixed around the dummy, though there 
was no headrest. The speed and acceleration data was collected separately for the head 
and body of the dummy. The acceleration time graph was then plotted, based on the data 
collected.

Case Study B - Rear-end Collision

Beyond which speed is this difference visible?ii.
Answer

Give a hypothesis explaining the difference in stopping distance between the two vehicles.iii.
Answer

Fig. 3.9, The acceleration v/s time curve of head and torso of a person inside a car in a simulation 
of a rear-end collision

Acceleration of body and head of the person inside the car
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The previous graph shows acceleration values collected every 10 milliseconds. The 
measurement of speed, distance and time at this level of precision requires sophisticated 
sensor-based setups. Light gates are set up such that the start of the movement is 
recognised when a light ray gets blocked. This triggers a signal to the timer, which counts 
till another light sensor sends a signal indicating that the object has travelled a known 
distance. To capture the signals from the light sensors and also display the time 
appropriately, some electronics need to be designed. The other option to conduct 
speed-distance-time experiments in laboratories is to use a ticker timer.

The ticker-timer is an instrument in which a metal arm is made to vibrate at a constant rate. 
This arm then creates dots on a strip of paper (with the help of a carbon sheet) that is run 
through the instrument. Fig. 3.10 to 3.13 show one of the ways a ticker timer is used. Here 
the ticker timer ticks 20 times in one second.

Case Study C - Ticker Timer

Question 7

Which of the two curves represents the movement of the head - the blue curve or the red 
curve? Justify your answer. Write your answer in the space provided below.

Answer

With reference to the graph shown in Fig. 3.9, which of the options below correctly 
describes the position of the head immediately after the rear-end collision? 

Question 8

Can’t be sure since Fig. 3.9 does not show the force of the
rear-end collision

a.

Behind the torsob.
Ahead of torsoc.
In line with the torso (normal position)d.

.

Answer
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Question 9

Fig. 3.10, Strip of paper being inserted under 
the screw, which ticks regularly on the carbon 

paper 20 times in one second.

Fig. 3.12, Blue dots created on the strip of 
paper are counted.

Fig. 3.13, Smaller pieces of paper with 
10 dots on each are cut.

Fig. 3.11, The ink from carbon paper will 
create dots on the white strip of paper.

If the strip of paper is cut into multiple strips, each carrying 10 dots, how much elapsed time 
does each strip represent? Write your answer in the space provided.

Answer

Question 10
In a strip of paper run through this ticker timer, if the distance between the dots starts 
increasing, what does it indicate about the speed at which the paper is being pulled 
through the ticker timer?
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Question 11
A 2-metre long paper strip was pulled through the ticker timer. It was then cut into multiple 
pieces with each piece carrying 10 dots. These pieces were pasted on a graph paper, as 
shown in Fig. 3.14 and 3.15. Note that the starting of each paper strip was aligned with one 
horizontal line.

What do the cut strips pasted on the graph paper represent?

Fig. 3.14, Close-up view of 10 dots’ paper 
pieces pasted on a graph paper

Fig. 3.15, Zoomed out view of the paper 
strips pasted on a graph paper

Velocity-time grapha.
Distance-time graphb.
Acceleration-time graphc.
Depends on how fast the paper strip is pulled outd.

.

Answer

Speed has reduceda.
Speed has increasedb.
It is not related to the speed at which paper is being pulledc.
Speed is constantd.

.

Answer
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Exploration Pathway

Any object in motion is said to have a "speed", i.e. the rate of change of its position. In this Ticker Timer 
TACtivity, ticker tape is pulled through the ticker timer and analysed. This is done by making strips of 
"10-tick" length, and placed sequentially as a histogram. Speed measurements can be made by 
dividing the length of each segment by the time taken for 10 ticks.

Ticker Timer - Speed

While standing, hold a 1-m ruler with your left hand, raised up to your head level. Drop the ruler and 
catch it with your right hand. Where did you catch it? Now ask your friend to drop the ruler and try to 
catch it? Can you?

Motion - Periodic

In this splendidly simple and iconic TACtivity, you will make a classic pendulum, with a string and 
weight, used to measure time for centuries and the very basis of our “grandfather” clocks! Moreover, 
the constant to-and-fro motion, also known as Oscillatory Motion or Simple Harmonic Motion, is a 
wonderful phenomenon to experience and make measurements on.

Nervous System -
Reaction Time
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It is recommended that you revise the following topics before you start working on these 
questions.

Force - inertia, role of force in causing acceleration, relation of mass with force
Multiple forces - resultant force, direction of force
Newton’s laws of motion - action & reaction

Theme 4: Force and Laws of Motion

Prior Knowledge

Life without Force

Imagine how life would have been if there was no movement around us. It would be like a 
static picture. In fact, look at a static picture and imagine how you would find it if you knew 
there was no motion in the Universe. Fig. 4.1 has one for your quick reference.

Fig. 4.1 is the picture from the Kishkindha Kand chapter of the Indian epic, Ramayan. Ram 
and Lakshman arrive at this place called Pampa Sarovar. Imagine if they were unable to 
move the bow and arrow, which they are seen holding in their hands. Imagine they could 
not move their lips, and hence not talk. Imagine the monkeys on the tree permanently 
stationed there and imagine Hanuman seeing Ram and Lakshman but being unable to 
move towards them. 

Fig. 4.1, Ram and Lakshman arrive at Pampa Sarovar; Image by Ms Sarah Welch  via Wikimedia Commons
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We appreciate many static pictures because we build stories and emotions around them, 
none of which would exist if there was no motion. Now imagine the other extreme where 
everything around was moving and there was no way to stop any of them. The way the first 
situation may remind us of a static picture, the second may remind us of a chaotic movie. 
Thankfully, neither of the two situations are true. Not only does motion exist but we also 
have a way to control it. We can make a stationary object move or a moving object stop or 
slow down. We humans have given a nice name to this control - force. The two situations 
we just imagined have one thing in common. Both are about life without force. 

Interesting situations arise when there is more than one force, and they influence the effect 
of each other. It can easily get converted from interesting to complicated to “I can never 
understand it” if we did not have clearly stated laws explaining how exactly force influences 
motion. Way back in the 17th century, Sir Isaac Newton published the three laws of motion, 
which help us understand this relationship between force and motion. Let us look at a few
situations where we see the interplay of multiple forces and their effect on the movement 
of objects.

Imagine there was no movement of air and hence the trees being fully stationary, ditto as 
in the picture!

Case Study A - Parachutist
A parachutist who weighs 60 kg, jumps from an aeroplane. Her fall can be described in 
terms of four main phases:

Phase 1: The initial vertical speed is zero but she 
is immediately acted upon by her weight acting 
downwards. The air resistance has less effect at 
this stage. She starts accelerating (downwards).

Phase 2: After some time as the air resistance 
balances her weight, she starts falling down at a 
constant speed. The parachute is not open yet.

Phase 3: Now she opens the parachute, which 
slows her down further.

Phase 4: After some time she starts falling down 
at a constant speed which is less than the speed 
she was falling with in Phase 2.

Fig. 4.2, Skydiving; Image by MaxPixel.net
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If we round off acceleration due to gravity to 10 m/s2, the parachutist's weight would be 600 N. 
If the air resistance is greater than her weight, the resultant force will be upwards and her 
speed will reduce. If it is less, then the resultant force will be downwards and her speed will 
increase.

Fill the empty spaces in Table 4.1 with the value of air resistance and value + direction of 
resultant force in each phase. The value of air resistance and resultant force can be one of 
the following:

The direction of resultant force can be

Question 1

0 NA.
> 600 NB.
< 600 NC.
= 600 ND.

UpwardsA.
DownwardsB.
NoneC.

Phase Value of Air
Resistance

Value of Resultant 
Force

Direction of 
Resultant Force

Phase 1

Phase 2

Phase 3

Phase 4
Table 4.1, Air resistance and resultant force in each phase of the parachutist's falll

Name any one phase in which the parachutist experiences an upward acceleration. Write 
your answer in the space provided. Write 'none' if you think she does not decelerate in any 
of the phases.

Question 2

Answer
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The speed of the parachutist is plotted against time (see Fig. 4.3). Seven points have been 
marked on the graph. Identify the point which represents the event of the opening of the 
parachute. Write your answer in the space provided.

Question 3

Speed Time Graph of Parachutist
Sp

ee
d 

(m
/s

)

Fig. 4.3, Speed time graph of the parachutist

Time (s) 

Answer

Answer

In Fig. 4.3, which point represents the start of Phase 4? Write your answer in the space 
provided.

Question 4

Question 5
Another parachutist, who is 10 kg heavier than the first, also jumps at the same time. He 
also carries an additional bag which has a mass of 5 kg. Who will accelerate at a higher 
rate immediately after jumping? At this stage, there is no impact of air resistance yet. We 
will refer to the first parachutist by her name - Bela - and the one with the additional bag 
as Ravi.

i.
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After the jump, both of them experience an air resistance of 300 N. At what rate would 
Ravi and Bela accelerate after this? Specify the direction of acceleration as 
downwards/upwards while writing your answer in the space provided.

ii.

Ravia.
Belab.
Same acceleration

Bela

Ravi

c.

.

Answer

Case Study B - Straw Propeller
Fig. 4.4 to 4.11 show the design of a simple model of the machine called Aeolipile (also 
known as Hero’s Engine). This model uses two cylindrical plastic straws of different 
diameters to make the model. Thanks to the simplicity of the model, plenty of explorations 
are possible. Since the fat straw rotates like a propeller, the model has been named as 
straw propeller.

Fig. 4.4, Take a 10 cm fat straw and bend it
in half. Nip the two corners at the

centre-fold using scissors.

Fig. 4.5, You get two diamond 
shaped holes in the middle.
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Fig. 4.6, Press down each end of the 
fat straw and seal them with tape.

Fig. 4.7, Nip any two diagonally 
opposite corners of the fat straw.

Fig. 4.8, The nipped corners are 
denoted by red boxes.

Fig. 4.9, Take the thin straw and make one
diamond shaped hole around 0.5 mm

away from one of its ends.

Fig. 4.10, Insert the thin straw into the diamond 
holes of the fat straw such that the hole in the 

thin straw lies within the fat straw.

Fig. 4.11, Shut the hole-end of the thin straw
with your finger and blow through the

other end of the thin straw.
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Fig. 4.12, Fat straw rotates as you blow air.

When air is blown through the thin straw, it enters the 
fat straw and exits through the cuts at the corners of 

the fat straw. This movement of air makes 
the fat straw rotate.

Question 6
The fat straw in the straw propeller is held in two different ways depending on the position 
of the corner holes (see Fig. 4.13 & Fig. 4.14). In which direction will the fat straw rotate in 
each case? 

Note that           is clockwise and           is anticlockwise direction.

Question 7

Which direction will the propeller rotate in, if all 
the four corners are cut? Assume that the size 
of all the four holes is the same.

Fig. 4.13, Case A Fig. 4.14, Case B

Fig. 4.15, Straw propeller with all four corners cut

Case A - Clockwise, Case B - Anticlockwisea.
Case A - Anticlockwise, Case B - Anticlockwiseb.
Case A - Anticlockwise, Case B - Clockwisec.
Case A - Clockwise, Case B - Clockwise d.

.

Answer

Clockwisea.
Anticlockwiseb.
Will not rotatec.
Sometimes clockwise, sometimes anticlockwised.

.

Answer
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Question 8
Two people conducted an experiment with the straw propeller. 30 year old David made a 
propeller using an 18 cm long fat straw while 8 year old Bunty used a 6 cm long fat straw. 
David blew air and measured the speed of rotation of his propeller as 25 rotations per 
minute. Bunty blew air in his propeller and found the speed as 15 rotations per minute. 
They concluded that a longer straw would rotate faster.

Question 9

Should David and Bunty have made any changes to the way the experiment was conducted? 
If yes, specify the change and the reason. If no, state why no change is required. Note that 
both of them measured the maximum speed the propeller could achieve in one deep exhale.

Answer

According to Newton’s third law of motion, each action is accompanied by another force 
called the reaction, which is equal to the action but in the opposite direction. The pictures 
in Fig. 4.16 to Fig. 4.19 show the possible action-reaction pair in the straw propeller. 
Identify the picture which correctly represents the correct pair.

i.

Note that in the pictures
The length of the arrow indicates the value of the force, i.e. longer the arrow, more 
is the force.

The direction of the arrow indicates the direction of the force, i.e. an arrow from Air 
pointing towards Fat Straw means that the force is from air on the fat straw.

Air here is the air exiting from the fat straw.

Answer

Fig. 4.16 Fig. 4.17

Fig. 4.19

A.

C. D.

B.

Fig. 4.18 

Action

Reaction

Air Fat Straw

AirFat Straw

Action

Reaction

Air Fat Straw

Air Fat Straw

Action

Reaction

Air Fat Straw

AirFat Straw

Action

Reaction

Air Fat Straw

Air Fat Straw
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If the reaction force is equal and opposite to the action, why don’t the two forces cancel 
each other? When a ball hits a bat, if we consider the force of the ball on the bat as the 
action, identify the reaction force.

ii.

From ball on ball but in the direction opposite to the action forcea.
From bat on bat in the same direction as the action forceb.
From bat on bat in the direction opposite to the action forcec.
From bat on ball in the direction opposite to the action forced.

.

Answer

Question 10

Imagine the rowing of a boat using oars. As the first step, the oars are placed in water 
and pushed in the forward direction. Which direction will this make the boat move in?

i.

So as to repeat the action of moving the oars forward, they have to be brought back. 
Step 2 would be to move the oars backward. Which direction will this make the boat 
move in? Assume that the oars are not taken out of water before they are brought back.

ii.

a. Forward b. Backward

c. Sideways left d. Sideways right

Answer

a. Boat won’t move b. Forward

c. Backward d. Sideways (left or right)

Answer

If the intent is to cause a net movement of the boat in the backward direction, what 
should be done between steps 1 and 2? Write your answer in the space provided.

iii.

Answer

Exploration Pathway

Body Joints -
Wing Folding

It may look simple to the eye, as most beautiful things do, but the functioning of a bird's wings is quite 
complex indeed. Here, using everyday materials, like straws and skewers, we make a lovely model to 
demonstrate the movements of a bird's wings, which allow it to move upwards (and propel forwards) when 
the wings flap downwards. However, when the wings flap upwards, a bird doesn't need the reverse to 
happen! And this model shows exactly how ingenious evolution has been in designing the flying gait of 
birds and other airborne creatures!
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Straw Propeller

Newton's Third Law of Motion is one of the most beautifully succinct laws. So much so, that it seems 
obvious to most who read it. However, few really understand the law and this TACtivity - made by 
inserting a thin straw through holes made in the middle of a fat straw - goes a long way in addressing 
many of those misconceptions and clarifying several other fundamental concepts in physics.

Straw Spinner

Newton's Third Law of Motion is one of the most beautifully succinct laws. So much so, that it seems 
obvious to most who read it. However, few really understand the law. This TACtivity - made using a 
couple of bendable straws and a bead or tube - demonstrates the law lucidly and also shows what 
causes rotational motion.

Inertia - Nut Tower

Inertia is the property of any object to remain in uniform motion or stay at rest unless acted upon by a 
net external force. This is also nothing but Newton's First Law of Motion. In simpler terms, the mass of 
an object is nothing but a measure of its inertia.

In this adaptation of a classic inertia experiment, we make `towers' with varying numbers of identical 
nuts, place them on a strip of paper, and pull out the paper from underneath the `tower' at varying 
speeds to see if our `tower' still remains standing!

Trolley Model

Newton's Second Law of Motion talks about how the net force acting on a body is directly proportional 
to the mass of the body and acceleration it experiences.

In this ingenious TACtivity, we use our own Hand Cart to conduct a series of experiments to discover 
for yourself the relationship between mass and acceleration.

Ticker Timer -
Acceleration

Any mass experiencing a net force is accelerated. Acceleration is nothing but the rate of change of 
speed and/or direction. In this TACtivity, ticker tape is pulled through the ticker timer and analysed to 
measure linear acceleration, i.e. change of speed. This is done by making strips of "10-tick" length, and 
placed sequentially as a histogram. Acceleration measurements may be made by analysing the 
velocity measurements.

Any object in motion is said to have a "speed", i.e. the rate of change of its position. In this TACtivity, a 
marble moves on a track with a distinct sound to mark the beginning and the end of the journey. This 
sound is captured by the Science Journal app which gives us the time taken for the journey.

Measure Speed - Sound
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It is recommended that you revise the following topics before you start working on these 
questions.

Gravitation - universal law of gravitation, free fall, mass and weight
Upthrust - buoyancy, Archimedes’ principle, relative density

Theme 5: Gravitation

Prior Knowledge

Heliocentric vs Geocentric

Galileo converted a spyglass to a telescope and observed that Jupiter had moons (which 
he called stars initially), which changed positions within a day or two. He then observed 
that Venus also had phases the way Earth’s moon had.

Based on these two observations, he inferred: (1) Not everything revolves around the 
Earth. Jupiter’s moons revolve around Jupiter. (2) The Sun / Venus do not revolve around 
the Earth. Instead, the Earth and Venus, both revolve around the Sun. It was already 
known at that time that Venus is visible either for a few hours after sunset or before sunrise, 
never in the middle of the night. In the geocentric universe, this is possible only if the Sun 
and Venus have a similar revolution cycle and Venus is closer to the Sun. However, this 
does not match with the observation about the phases of Venus because we would never 
see the full phase of Venus in this arrangement.

Case Study A - Gravitational Force
Five centuries after Gallileo proposed his theory, today we know - based on Newton's Law 
of Gravitation, which was postulated only a few decades after Galileo's theory - that the 
gravitational force between any two objects is directly proportional to both the masses and 
inversely proportional to the square of the distance between the two objects.

Let us represent the mass of the Earth by Me and that of the Sun by Ms, the distance 
between the Earth and the Sun by DES and the universal gravitational constant by G.
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Question 1
Which of the following options represents the gravitational force of the Sun on the Earth 
and that of the Earth on the Sun? The value before the comma represents the force 
imparted by the Sun and the one after the comma represents the force imparted by the 
Earth. Note that “0 N” in the options here implies that there is no force in that direction.

i.

a. Answer
GMeMs , 0 N 
(DES)2

d. 
GMeMs0 N ,
(DES)2

c. 
GMeMs , 
(DES)2

GMeMs

(DES)2

b. 
GMs ,
(DES)2

GMe

(DES)2

The Moon revolves around the Earth due to gravitational influences, and the Earth exerts 
a force on the Moon.

Question 2

What would happen if we somehow swapped the position of the Sun and the Earth, such 
that the mass and the distance between the two remain unchanged?

ii.

The Sun would start revolving around the Eartha.
The Earth would continue to revolve around the Sunb.
The Sun’s gravitational force will push the Earth away from itself 
instead of attracting

c.

.

Answer

How do you think this compares in strength with the force exerted by the Moon on the 
Earth? The mass of the Earth is 5.972 × 1024 kg and the Moon is only 1.2% of that mass.

i.

Which object experiences more acceleration due to the mutual gravitational force 
between the Earth and the Moon? Pick the option which looks most appropriate to you.

ii.

The Moon does not exert a force on the Eartha.
The Moon exerts the same magnitude of force on the Earth, as the 
Earth does on it

b.

The Moon’s force is only around 1.2% of that exerted by the Earthc.
The force is half of that exerted by the Earthd.

.

Answer

The Moona.
The Earthb.
Both experience equal accelerationsc.
Sometimes it's the Earth and other times it’s the Moond.

.

Answer
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Case Study B - Leaning Tower of Pisa Experiment
As part of Galileo’s exploration to understand how the Earth makes objects fall and what 
impacts the speed with which they fall, he is said to have conducted an experiment where
he dropped a heavy and a light object from the same height at the same time. He observed 
that both objects reached the ground at the same time. The assumption made here was 
that there is no air resistance.

Question 3
What can you infer from Galileo’s experiment about the gravitational pull on the two objects 
and their acceleration? Is the gravitational force experienced by the heavy object and light 
object the same or different? The Earth pulls both objects with:

The same force but they accelerate differently due to the difference 
in their mass.

a.

Different force but they accelerate with the same rate since the ratio 
of force and mass is the same for both

b.

The same force and hence they accelerate with the same ratec.
Different forces and hence they accelerate differentlyd.

.

Answer

Question 4
Now let us extend our understanding about gravitational force and acceleration caused by 
this force to other planets. If the gravitational force experienced by a 5 kg rock one metre 
above the surface of the planet Mercury is 18.05 N, what would be the force experienced 
by another rock having a mass of 80 kg at the same height? Assume that the acceleration 
due to gravity is the same on all parts of Mercury.

a. 18.05 N b. 20.05 N

c. 256.7 N d. 288.8 N

Answer

As an extension to Galileo’s experiment, an undergraduate student conducts an 
experiment in an open field. She climbs to a height of 5 metres above the ground holding 
a gun loaded with a bullet in one hand and just a bare bullet in the other. She proceeds to 
fire the gun in the direction she is facing and at the same time, lets go of the bullet in her 
other hand. The gun is angled carefully so that it fires parallel to the ground (at a zero 
degree angle), so as to not impart any forces in the up and down directions. She measures 
the time taken by both the bullets to reach the ground.

Question 5
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Which of the following questions do you think she was trying to answer by conducting 
this experiment?

i.

How much time does the bullet in the gun take to reach the ground? ii.

What is the horizontal distance travelled by an object which is thrown 
at a 0 degree angle with respect to the ground?

a.

What happens when a bullet fired from a height of 5 metres impacts 
the ground?

b.

When an object is thrown horizontally, does the horizontal speed
 impact the vertical distance it travels?

c.

.

Answer

a. 1/24 seconds b. 0.5 second

c. 1 second d. 2.5 seconds

Answer

Which bullet will reach the ground first?iii.

Bullet from the guna.
Bare bulletb.
Both will reach at the same timec.
Depends on the speed at which bullet is fired from the gund.

.

Answer

Case Study C - Escape Velocity
If the object is thrown at a speed of 11.2km/s or greater, it will manage to escape Earth’s 
gravity. This minimum speed at which an object has to be thrown to escape the 
gravitational pull of a planet is called the escape velocity of that planet. Note that the 
escape velocity is different for different planets, since it depends on the mass and diameter 
of the planet. Recall how the mass and radius of a planet change its gravitational pull. More 
the pull, more will be the velocity required to escape the planet. The escape velocity of a 
planet/star S can be expressed using the following formula:

Firing the bullet upwards!
In the experiment explained in the previous question, the student fired the gun by keeping 
it horizontal, i.e. by making a zero degree angle with the ground. What will happen if the 
gun is fired by placing it vertical, i.e. by making it point upwards at an angle of 90 degrees 
with respect to the ground? Will the bullet enter space or fall back? If you were watching a 
fiction movie, the hero/heroine may make the bullet enter space or blast a cloud to cause 
rainfall, but in real life, an object thrown upwards from the surface of the Earth would move 
up till a certain distance before reaching the speed of 0 and start falling back after that. This 
is due to the impact of gravity, which continues to slow the object down while it is moving 
upwards.
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People often talk about rockets requiring a speed equal to the escape velocity to escape 
Earth’s gravity, but note that the case of a rocket is different. It carries fuel with itself and 
hence has the option of accelerating in the middle of its journey.

Escape velocity, Es = √ 2GMS

RS

where,
G = Universal Gravitational Constant
   = 6.67 x 10-11 m3/kgs2

MS = Mass of the planet/star S
RS = Radius of the planet/star S

Question 6
Table 5.1 provides the escape velocity of the 8 planets of the Solar System. Pluto’s data is 
also included. It also shows the mass and radius of each planet. The mass has been 
specified relative to the Earth’s mass. E.g., if the mass of the Earth was 1 kg, that of Jupiter 
would be 317.8 kg.

Table 5.1, Data showing escape velocity of different planets along with relative mass and radius

Planet/Planetoid Escape Velocity (km/s) Mass Relative to Earth Equatorial Radius (km)

Earth 11.2

63.4
5

4.2
24.2
0.3

39.4
21.5

10.3

Jupiter
Mars

Mercury
Neptune

Pluto
Saturn
Uranus

Venus

1

317.8
0.11
0.06
17.2
0.004
95.1
14.5

0.82

6378.1

71492
3396.2
2439.7
24764
1195

60268
25559

6051.8

Why is the escape velocity on Mercury 4.2 km/s, which is 84% of Mars’ escape velocity, 
while it is only 54% as massive? Write your answer in the space below.

i.

Answer



56Competency Based Education - IX (Science)

Assertion 1: Table 5.1 indicates that the more massive a planet is, the higher is its 
escape velocity.
Assertion 2: It also indicates that the larger a planet is, for a given mass, the higher is 
its escape velocity.

ii.

How would you rate the validity of Assertion 1 and Assertion 2?

Both are falsea.
Both are trueb.
Assertion 2 is true but Assertion 1 is falsec.
Assertion 1 is true but Assertion 2 is falsed.

.

Answer

Case Study D - Black Hole
Pierre Simon Laplace (23 March 1749 – 5 March 1827) was a French scholar and 
polymath. Among his many contributions to physics and mathematics, was his conception 
of what he called a dark star (what we now call a black hole). Laplace took the idea of 
escape velocity to its logical extreme. He reasoned that if a star was dense enough it could 
reach a point where the escape velocity of the surface would equal or exceed the speed of 
light.

Even though the theory indicated such structures exist, their physical existence was 
debated all through the 20th century. Einstein famously did not believe that black holes 
existed, even as others like Subrahmanyan Chandrasekar and Roy Kerr expanded on the 
theoretical models. In 2019, the Event Horizon Telescope made history by publishing the 
first-ever picture of a black hole (M87*). It's at the centre of a galaxy called Messier 87 and 
is estimated to have a mass that is billions of times that of the Sun. The glow seen around 
it is from matter becoming superheated as it clamours to fall into the central hole.

Such a star would not shine any more, 
because light would not escape its surface, 
hence the term dark star. The idea of such 
objects was largely forgotten till Karl 
Schwarzschild found an exact solution to 
Einstein’s equations of General Relativity in 
1915. This was the first so-called black hole 
solution. It described an object that was so 
massive and dense that even light could not 
escape from the space around it, the physical 
manifestation of which would look like a 
3-dimensional hole in space.

Fig. 5.1, This image of the core of the galaxy M87 
was taken by the Event Horizon Telescope, using 1.3 
mm radio waves.The central dark spot is larger than 

the black hole’s event horizon, which is the shadow of 
the black hole M87* itself. Image by Event Horizon 

Telescope via Wikimedia Commons
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Floating and Sinking
One of the interesting phenomena we witness in daily life is the effect of interaction 
between gravity and the resistance of a fluid. When a boat floats on water, gravity pulls it 
down but water pushes it up. The breakthrough in understanding when exactly the boat (or 
any other object) floats and when it sinks came through when Archimedes had his Eureka 
moment.
Here is a simple experiment with a small balloon filled with air and some weight tied below.
When this balloon and weight assembly is placed in a closed bottle filled with water and the 
bottle is pressed, something interesting happens. Look at the pictures - Fig. 5.2 to Fig. 5.9 
- with captions to understand the experiment.

Question 7
The escape velocity of the Sun, whose mass is estimated to be 2.0 x 1030 kg and radius is 
around 700,000 km, is calculated to be 617.6 km/s. Calculate what its radius would have 
to be for it to become a black hole? Assume the speed of light to be 300,000 km/s.

Recall that the escape velocity of a planet/star S can be calculated as

a. 66 km b. 3 km

c. 16 km d. 900 km

Answer

√ 2GMS

RS

Case Study E - Shrink and Sink Experiment

Fig. 5.3, Tie a 6-8 cm piece of cotton thread at the
 base of the balloon.

Fig. 5.2, Blow a small amount of air into the balloon and 
knot it.

Fig. 5.5, Carefully insert the balloon and magnet into a
plastic bottle through its mouth.

Fig. 5.4, Tie a ring magnet to the other end of the cotton
thread. The total length of the balloon-magnet assembly 

should be less than half the height of the bottle.
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Fig. 5.6, Fill the bottle with water to the top.
Fig. 5.7, Screw the bottle cap on 
tightly and you are ready to play!

Fig. 5.8, Press the bottle from outside and observe that 
the balloon contracts a little and the assembly sinks.

Fig. 5.9, Once you let go, it floats back up again.
You can vary the pressure applied to make 

it float at various heights in the bottle.

When an object is placed in a fluid (liquid/gas), what will decide whether it will sink or float? 
If the density of the object is more than that of the fluid, it will sink. If it is less, it will float. 
Note that density is defined as the ratio of the mass of the object to its volume.

Question 8
Explain what makes the balloon and magnet assembly sink when we squeeze the bottle. 
Write your answer in the space below.

i.

The experiment was conducted by two students - Joseph and Fareeda. Fareeda filled 
more air in her balloon than that filled by Joseph. What is a possible effect of this 
difference which we may see? Will the effort required to bring down the balloon and 
magnet assembly be more for Fareeda or less?

ii.

Answer
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Less efforta.
More effortb.
Same effortc.

.

Answer

Two more experiments were conducted with the same setup

Both the experiments had a visible effect. What do you think is common between the two 
experiments? Write your answer in the space provided below.

A. The bottle was placed in hot water for some time and then pressed
B. 90 grams of salt was dissolved in the water. Note that one can dissolve a maximum  
    of 36 grams of salt in 100 ml of water and the bottle used here was a 250 ml bottle

Question 9

Answer

Out of idle curiosity, Nisha decides to see if oranges are buoyant. She picks out an almost 
spherical orange for her test, which has a radius of 4.2 cm and has a mass of 264 grams. 
She puts this in a bucket of water and notes the result. Then she removes the peel of this 
orange and finds that the fruit itself has a radius of 3.8 cm and a mass of 254 grams. She 
then proceeds to test this in the bucket as well. Based on this data, what do you think were 
the results? Recall that the volume of a sphere can be calculated using the formula:

Question 10

Volume of a sphere of radius r = (    πr3)4
3

The whole orange floats, but only the fruit sinksa.
Both the whole orange and the fruit part floatb.
The fruit by itself floats but the whole orange sinksc.
They both sinkd.

.

Answer
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Let us do a thought experiment. A table tennis ball is dropped in a glass of water on the 
surface of the Earth and it rests when it is about halfway submerged in the water. Then the 
same experiment is carried out on the Moon, inside an artificial habitat that has the same 
temperature and atmospheric pressure as on Earth. How do you think the experiment will 
be affected?

Question 11

The ball will sink a little deeper into the watera.
The ball will be less than half submerged in the waterb.
The ball will sink completelyc.
It is not affectedd.

.

Answer

Exploration Pathway

The density of a liquid can be changed quite easily and dramatically by dissolving a soluble solute in the 
liquid. We observe this property by seeing if a lemon floats or sinks in freshwater and a saline solution.

Density -
Shrink and Sink

The density of an object is nothing but the ratio of its mass to its volume. In a fluid, objects that are less 
dense than the fluid will float, whereas those denser than the fluid will sink. In this TACtivity, a balloon is 
partially inflated and a nut is suspended from it with a thread, such that the whole assembly floats in water. 
This is then inserted into a plastic bottle filled to the brim with water and closed tightly shut. When you 
squeeze the bottle, the balloon should start to sink! How and why?

Density - Saline Water

Archimedes Principle

Archimedes' principle is a fundamental law in physics and states that the upward buoyant force that is 
exerted on a body immersed in a fluid, is equal to the weight of the fluid that the body displaces. In this 
TACtivity, we use simple materials and water to demonstrate this law.
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Based on the beautifully fundamental Hooke's Law, which states that the amount by which a spring 
expands is directly proportional to the force stretching it, the spring balance is a classic tool used to 
measure weight.

Here, you make your very own spring balance(s), mounted on a cardboard frame, using several kinds 
of "springs".

DIY Spring Balance

Any rotating object does so because of a force that is pulling the object towards the centre of rotation. 
In the case of a mass rotating around another mass, that "centre" happens to be the system's centre of 
mass. For two objects vastly different in mass, the centre of mass is effectively at the location of the 
heavier mass, as in the case of the Sun and Earth. In this brilliant simulation, we use two balls and a 
piece of wire, with turbines causing the rotation!

Measure - Density

If I place an eraser or a pencil sharpener in water, will it float or sink? One of the ways to answer this, 
and similar, questions is to measure the densities of the items from daily life. In this TACtivity, you will 
use a kitchen scale and a measuring cylinder to find the densities of solids and liquids around you.

Sun and Earth Model
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What is the path of an object when it is launched? Does it depend on the initial speed of the object? 
What about the angle of launch? We observe this and much more in this TACtivity. Using a piece of fat 
straw, a launch-angle measuring device called a sextant, and some paper darts, we launch the paper 
darts by blowing them through the straw to see what impact they make on a newspaper screen!

Paper Projectile
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It is recommended that you revise the following topics before you start working on these 
questions.

Work - force, work done, rate of doing work
Energy - forms of energy - kinetic energy and potential energy, conversion of
energy

Theme 6: Work and Energy

Prior Knowledge

Crocodiles

For many of us, the picture or thought of a 
crocodile would bring an image of long jaws 
with sharp long teeth. If one gets stuck 
between those, it would not be possible to 
escape.

One would imagine this strong creature to 
have a heavy diet but that is not true. A 
crocodile can survive on food, which is one 
fourth of its body mass for the entire year. If 
you compare this with humans, depending on 
the culture, lifestyle, etc., we consume 
anywhere from 2 to 10 times our body mass. 
Crocodiles are one of the most efficient creatures known. What makes them efficient? 
Unlike humans, they are cold blooded and hence do not need to invest energy in 
maintaining their body temperature. They also don’t have much of a brain, which in humans 
consumes a big portion of the energy. While our brain weighs around 2% of the whole body 
and occupies space in a similar range, it uses up around 20% of the energy consumed.

If you trace back the root source of this energy, it is an interesting revelation that the root 
source of the energy obtained by the crocodile as well as humans is the same. In fact, 
almost all the energy on Earth is sourced from the Sun. Earth receives this energy in the 
form of radiation and it later gets converted and used in various forms through a series of 

Fig. 6.1, Mouth of a crocodile from the 
Australia Zoo; Image by Sebastian 
Wallroth via Wikimedia Commons
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energy conversion processes. Conversion of energy from one form to another is an 
integrated part of every action happening around us.  

During the Renaissance period, Galileo discovered one such instrument, which 
demonstrates this conversion of energy in a periodic manner and also became the basis of 
the design of this machine to measure the quantity called time. 

Case Study A - Pendulum
A pendulum is a simple set-up powered by the conversion of potential energy to kinetic 
energy and vice versa. A pendulum has a weight suspended from a pivot that can freely 
swing back and forth. Fig. 6.2 shows a simple pendulum.

When the pendulum is displaced from its mean position, potential energy is stored in the 
system and it gets converted into kinetic energy as the pendulum tries to come back to its
mean position. As the pendulum travels to the other side of the arc, the kinetic energy is 
transformed to potential energy. The conversion of potential energy to kinetic energy and 
vice versa continues to happen throughout the motion of the pendulum. In the absence of 
air drag and frictional force at the pivot, the pendulum would swing forever.

The time taken by the pendulum to complete one back and forth motion (one oscillation) is 
called the period of the pendulum. The distance between the mean position of the 
pendulum and one of the extreme points is known as the amplitude of the pendulum.

Fig. 6.2, A simple pendulum
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Fig. 6.3 shows a simple pendulum setup, where a ring 
magnet is freely suspended using some string. The 
mass at the bottom of the pendulum can be increased 
by attaching more magnets.

Nasir tried to determine how the period of the 
pendulum varies with mass, length of the string and 
amplitude of the pendulum. He varied each of these 
three variables one at a time and kept all other 
variables constant. Fig. 6.4 to Fig. 6.6 shows the 
plots of Nasir’s experiment.

Question 1

Fig. 6.3, A simple pendulum setup using 
a ring magnet and a cotton thread.

From Nasir’s experimental data, infer the parameter(/s) that decide(/s) the period of the 
pendulum. You may select more than one option from the list below.

Another parameter related to the pendulum is the speed at which it moves. The average 
speed of the pendulum can be calculated as twice the length of the arc it traverses in one
cycle, divided by the period.

Fig. 6.4, Vary mass and observe
the period; amplitude kept constant

as 15 cm and length as 60 cm.

Fig. 6.5, Vary amplitude and observe
the period; mass kept constant
as 2.2 g and length as 60 cm.

Fig. 6.6, Vary length and observe
the period; amplitude kept constant

as 15 cm and mass as 2.2 g.

Plot of Period vs Mass of the Pendulum Plot of Period vs Amplitude of the Pendulum Plot of Period vs Length of the Pendulum
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Question 2
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Based on the results of Nasir’s experiment, predict how the speed would vary as we vary the 
amplitude of the pendulum bob. Choose one graph out of the four graphs show that correctly 
depicts your prediction.

Speed of pendulum =
2 x (Length of arc)

Period

Fig. 6.7, Length of the arc of the pendulum
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How do you think this study helped in improving the design of clocks? Write your answer 
in the space provided below.

Note: Thermal expansion and contraction refers to the change in the dimensions (volume,
area or shape) of the material with respect to the change in temperature.

Answer

The cheetah is the fastest running land animal. It can achieve a peak speed of ~110 km/h, 
which is almost double of what a tiger can achieve. However, a cheetah can sustain this 
speed for not more than 20 to 30 seconds. In fact, it needs to rest for a long time after a 
sprint at peak speed, which is why it sometimes gets bullied by other carnivores and has to 
let go of what it hunts and earns the hard way.

Will a tiger and cheetah require the same amount of energy? What about their energy 
usage per unit time? Because of the difference in the amount of energy we need and the 
rate at which it is spent, it is necessary to have a way to store energy. The grandfather clock 
can run for a longer time without being rewound, if it can store more energy. The entire 
transport industry runs mostly on stored chemical energy of fuels, most of which are not 
renewable. Though we desire to replace these by renewable sources, there are many 
unsolved problems in harnessing renewable sources of energy. One of the problems is the 
irregularity in the size and frequency at which we receive energy from renewable sources. 
Every day is not a sunny day and every day is not a windy day either! One of the methods 
of storing the energy received on a windy/sunny day to use on a calm/cloudy day is 
Pumped Hydroelectric Storage (also referred to as PSH or PHES).

Fig. 6.14, Cheetah on the road in Lower Sabie, Kruger NP, South Africa;
Image by Ellicrum via Wikimedia Commons

Storage of Energy
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Case Study C - Pumped Hydroelectric Storage

A pumped hydroelectric storage (PHS) has 
two reservoirs of water at different heights. 
During the times of the year when renewable 
sources of energy like solar or wind are easily 
available, electricity is produced using these 
sources to fulfil the electricity needs of that 
region. The surplus energy which remains 
unused is stored by pumping the water from 
the lower reservoir to the upper. The water 
from the upper reservoir is made to fall down 
to convert to electric energy during the days 
when demand for electricity is high and the 
availability of the renewable sources is low.

Fig. 6.15, Schematic of pumped hydroelectric 
storage system

Question 8

Capacity of the upper reservoira.
Using all the renewable energy and not just surplus energy, to pump 
the water up

b.

Height of the reservoirs from mean sea levelc.
Height difference between the two reservoirsd.

.

Answer

Which of the following parameter(/s) can be changed to maximise the amount of energy 
stored in a PHS? You may select more than one parameter.

i.

What will happen to the storage capacity (in terms of energy) of the PHS if saline water 
is used instead of plain water? Write your answer along with a justification in the space 
provided.

ii.

Answer
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PHS is one of the biggest storages of energy discovered so far. Note the electric energy 
stored by batteries cannot match the amount of energy stored by PHS. However, the 
installation of a PHS has certain geographical requirements. Which of the following is not 
a necessary requirement/constraint for a PHS to be feasible? You may select more than 
one option.

Question 9

a. High elevation / mountains b. River/lake

c. Dense forest d. High speed wind

Answer

A PHS is installed in Puttenahalli with the upper reservoir having a storage capacity of 
1000 m3 and located 100 m above the lower reservoir. This region experiences high speed 
wind for around 3.25 months in a year, with an average of ~8 hours of wind per day. To 
simplify calculations, the number of windy days may be rounded off to 100 days. During the 
windy months, 75% of the electric energy produced from wind is sufficient to meet the 
electricity needs of Puttenahalli. The rest can be stored for future use.

Question 10

For the following questions, write your answers in the space provided.
How many litres of water should be pumped into the reservoir in one day (on an 
average), such that the entire reservoir is filled during the windy months? Assume that it 
is fully empty when the windy season starts. Note that 1 m³ = 1000 litres.

i.

Answer

How much water should be pumped every second to meet the per day rate? Recall that 
only unused electric energy gets stored. Round off the answer to the first decimal place 
after the decimal point.

ii.

Answer
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As the water gets pumped to the upper reservoir, it gains gravitational potential energy. 
If it is pumped at the rate calculated in the previous question, how much energy gets 
stored every second? You may assume that 1 litre of water has a mass of 1 kg. 
Acceleration due to gravity can be approximated to 10 m/s² to simplify calculations.

iii.

Answer

The electric motor for pumping the water to the upper reservoir has to be selected. The 
mechanical power generated by an electric motor is often specified in terms of 
horsepower or hp. 1 hp = 746 Watts = 746 Joules/second. The mechanical power of 4 
motors available in Puttenahalli are given below. Which of these would be most suitable 
for meeting their requirement of the rate of pumping?

iv.

a. 1 hp b. 1.5 hp

c. 2 hp d. 3 hp

Answer

What would happen if they select a motor with a mechanical power rating lower than their
required rate?

Question 11

PHS can’t be set upa.
Water cannot be pumped to the upper reservoirb.
Less energy will be used in pumping and hence more energy will be 
available for storing

c.

Some unused wind energy will not get storedd.

.

Answer

Exploration Pathway

Motion - Periodic

In this splendidly simple and iconic TACtivity, you will make a classic pendulum, with a string and 
weight, used to measure time for centuries and the very basis of our “grandfather” clocks! Moreover, 
the constant to-and-fro motion, also known as Oscillatory Motion or Simple Harmonic Motion, is a 
wonderful phenomenon to experience and make measurements on.
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Humans have learnt how to harness energy from various sources, to make certain tasks mechanised, 
produce electricity etc. The energy is often harnessed through the use of turbines. In an increasingly 
warming planet, it is imperative that we expand our capacity of harnessing renewable sources of power. 
One such example is a Wave Turbine, as described above.

Wave Turbine Model

Newton's Second Law of Motion talks about how the net force acting on a body is directly proportional 
to the mass of the body and acceleration it experiences.

In this ingenious TACtivity, we use our own Hand Cart to conduct a series of experiments to discover for 
yourself the relationship between mass and acceleration.

Trolley Model

A flywheel is a mechanical device used to store potential energy. It is comprised of a heavy disc or 
wheel attached to a rotating shaft. The wheel rotates for a longer time when there is less friction.

In this TACtivity, we will make a flywheel model, using a plastic bottle, bottle caps, a piece of thread, 
beads, wooden skewer and foam pieces, and observe the flywheel descend. What does the speed of 
descent depend on? This model beautifully demonstrates both the conservation of energy and friction.

Wind Turbine Model

Humans have learnt how to harness energy from various sources, to make certain tasks mechanised, 
produce electricity etc. The energy is often harnessed through the use of turbines. In an increasingly 
warming planet, it is imperative that we expand our capacity of harnessing renewable sources of power. 
One such example is a Wind Turbine.

In this TACtivity, we make a Wind Turbine Model, using a waste plastic bottle and a cycle spoke. Place 
the bottle and spoke assembly under a fast-spinning ceiling fan and enjoy seeing the turbine spin 
rapidly!

Flywheel Model

Generator Model

Using a 5 ml syringe as the core, we wind 35-gauge insulated copper wire making 500 loops on it. 
Within the syringe, we place a magnet that moves as we shake the syringe. The two ends of the copper 
wire are connected to an LED. As the syringe is moved up and down, the LED should light up!
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It is recommended that you revise the following topics before you start working on these 
questions.

Wind - uneven heating of the Earth, temperature and the movement of air
Rain - rain gauge, weather prediction.

Theme 7: Natural Resources

Prior Knowledge

Climate in India

Like many other countries which are closer to the 
equator, India gets good rain as well as good heat, 
which provides a conducive environment for a 
variety of plants and animals to grow and prosper. 
The long coastline covering the land from three 
sides and the tall Himalayan range in the North 
creates a unique setup for a cycle of winds flowing 
from the sea to the land and back every year. It is 
this cycle which is responsible for the rains - the 
monsoon - in India. Monsoon drives the economy of 
India as agriculture is the major contributor to the 
Indian economy (about 20% to the total GDP) and 
employment (over 60%). Let us understand the 
phenomenon of the monsoon.

As shown in Fig. 7.1, the Earth revolves around the Sun with a tilt in its spinning axis. [Note 
that the orbit is not as elliptical as it appears in the figure.] Because of this, it appears that 
the Sun begins to move towards the north (Uttarayana) and south (Dakshinayana) during 
the summer and winter solstice respectively. The Sun’s rays falling at 90 degrees heats the 
surface more than the tilted rays, which is the main cause for the uneven heating of the 
Earth’s surface. The uneven heating of the landmass and water bodies is the main drive for 
the seasonal winds, such as the monsoon and returning monsoon.

Fig. 7.1, Earth revolves around the
Sun with a tilt in its spinning axis with

respect to the orbital plane
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Case Study A - Monsoon & Returning Monsoon
India receives most of its rain from two seasonal winds - Southwest monsoon and 
Northeast monsoon. The southwest monsoon (commonly known as the monsoon) occurs 
from June to September and the northeast monsoon (often called the returning monsoon) 
occurs from October to December.

Fig. 7.2 shows the direction of movement of the southwest and northeast monsoon. The 
southwest monsoon is blowing from the sea to the land and hence it has more moisture 
compared to the northeast monsoon; which is blowing from the land towards the sea.

Fig. 7.2, Southwest monsoon (shown in blue) and Northeast monsoon (shown in red)

Refer to Fig. 7.2 and predict the relative temperature of region A compared to region B.

Question 1

Where is the temperature expected to be higher during the June-July period?

Region A

i.

Region B

Where is the temperature expected to be higher in October?

Region A

ii.

Region B
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Average rainfall data of India gets collected on an ongoing basis. The data of 30 years from 
1961 to 1990 has been plotted in Fig. 7.3.

Question 2

Name the monsoon that influences more precipitation in India. What would be the reason 
behind this monsoon being more influential than the other? Write your answer in the space 
given below. 

Answer

Fig. 7.3, A monthly time series of total precipitation (mm, bars), mean  value of data 
from 1961 to 1990; Image & data sourced from Climate Prediction Centre, USA

Case Study B - Wind & Temperature
As stated in the previous section, the unequal heating of the landmass leads to the 
movement of wind. When land gets heated, so does the air above it and as the warm air 
rises up, the pressure of air in that region goes down. On the other hand, the regions with 
lower temperature experience higher pressure of air. It is a difference in air pressure, which 
leads to its movement from a higher pressure region to lower. Fig. 7.4 shows the 
temperature and wind speed of India’s coastal city, Mangalore, observed for a week in the 
month of May. The x-axis labels the time of the day at intervals of 6 hours in the 24-hour 
format.
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Fig. 7.4, Variation of temperature and wind during day and night time in a coastal region (Mangalore);
Image and data sourced from Meteoblue, Switzerland

Choose the statements that can be inferred from Fig. 7.4 about the wind speed and 
temperature of Mangalore during that one week. More than one statement may be true.

Write the options that are true, in the space provided.

Question 3

Wind speed increases and decreases with temperaturea.
Wind speed decreases when the temperature increases and vice versab.
There is no correlation between temperature and wind speedc.
The temperature of Mangalore increases at night timed.
The wind speed in Mangalore drops at night timee.

Answer
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Land heats as well as cools down faster than water. In the data sample plotted in Fig. 7.4, 
during the time of the day when the wind speeds are the highest in Mangalore, which 
direction is the wind more likely to blow - sea to land or land to sea? Support your answer 
with appropriate arguments in the space provided.

Question 4

Answer

Anemometer
As can be seen in the previous section, it is highly valuable to measure wind speeds to 
draw correlations and inferences related to climate and weather. It is also valuable for 
harnessing the wind energy. If one has to install an engine, like a windmill, which produces 
electricity from wind, one has to find out the region where wind blows at high speeds. Also, 
be it for the study of climate or for harnessing wind energy, it is also valuable to identify the 
direction in which wind blows during different times of the day, at different times of the 
year.

One of the instruments used to measure the wind speed and determine direction is called
the anemometer. It was invented by an Italian architect during the Renaissance period. 
Leon Battista Alberti designed the first mechanical anemometer sometime around 1450. 
Let us look at a model of an anemometer and evaluate the features and limitations of its 
design.

Fig. 7.5, Take four paper cups and cut
along the curved line.

Fig. 7.6, A small stiff straw is inserted at the 
centre of the two cardboard strips such that 

the cardboard strips make a ‘+’ sign.

Fig. 7.7, Four paper cups are stuck on the 
arms of the cardboard strips such that the 
cut part of the paper cup is facing upwards.

Case Study C - Model of an Anemometer
The design of the model of an anemometer is shown here, using a few pictures and
captions.
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Question 5
Fig. 7.5 shows paper cups cut along a curved line. Choose the option that explains why the 
cuts are made in a curved line.

Question 6

To capture wind coming from the sidea.
To capture wind coming from the topb.
To decrease the mass of the setupc.
Without the curved cut, the setup won’t rotate when the wind blowsd.

.

Answer

What is the role of the bead in the design of the model?i.
Answer

Answer

Answer

Fig. 7.10, The anemometer model is ready 
to record wind speed.

Fig. 7.8, The cycle spoke fixed to a regular
 paper cup is inserted through a bead. The 
bead is glued approximately 3 cm from the 

top of the cycle spoke.

Fig. 7.9, The anemometer is assembled by 
inserting the cycle spoke through the straw 

fixed at the centre of the arms.

Why do you think the cups should face the same direction?ii.

What would be the advantages of using four cups over using two cups?iii.
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Question 7
In the anemometer model, the wind entering the cups pushes the cups. This makes the 
four cups revolve around the cycle spoke (vertical axis). The faster the wind, the more will 
be the push, and hence more will be the number of revolutions per minute. Thus, wind 
speed can be measured by counting the number of revolutions per minute. To count the 
number of revolutions, one of the cups can be marked to use as a reference. However, 
during heavy wind, if the number of revolutions per minute is more than 600 (more than 10 
revolutions per second), it is not possible to accurately count the revolutions using the 
human eye. Suggest changes/additions to the setup to make this feasible. Be specific with 
your response. Write your response in the space provided.

Answer

Case Study D - Wind Speed & Rainfall
In one of the previous sections, we correlated wind speed to temperature. Now let us look 
at some data to see if there is a correlation with rainfall as well. Images in Table 7.1 capture 
annual precipitation and wind speed of 9 cities of India observed from the closest weather 
station.

Mangalore

Graph showing precipitation and rainfall during a yearCity
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Bengaluru 

Chennai

Trivandrum
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Mumbai

Table 7.1, Precipitation and wind speed of different cities of India; Image and data sourced from Meteoblue, Switzerland
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Refer to Table 7.1 and answer the following questions in the space provided.

Question 8

Name one station where the southwest monsoon is the primary source of rain.i.

Answer

Name one station where the returning monsoon is the primary source of rain.ii.

Answer

Name one station which gets a significant amount of rain through both the monsoons.iii.
Answer
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Based on the data in Table 7.1, name one station where the wind speed increases during 
the months when it rains.

Question 9

Answer

Measuring Rainfall

A rain gauge is an important instrument that 
measures liquid precipitation that is 
measured in centimetres, or millimetres, to 
express the depth of rainfall on the surface of 
the Earth. It is used to monitor weather 
patterns, help farmers deal with drought and 
meteorologists prepare for natural disasters. 
Did you know that there are around 8000 rain 
gauges being used by meteorologists and 
hydrologists in the different states of India as 
of 2021? Let us find out why.

You might have noticed that sometimes on a rainy day, you might experience rain as you 
step out of your house, however as you travel a few kilometres, there would be no rainfall 
at all. This is because the amount of rainfall experienced over a large area is not the same. 
For a country as large as India, where agriculture is its major industry, its economy is 
heavily dependent on rainfall. Hence, the Indian Meteorological Department (IMD) has 
issued guidelines to the State Governments to maintain a standard rain gauge network for 
accurate rainfall measurement. This includes providing advice on selecting the sites for 
rain gauge installation, methods of rainfall observation, reporting of the monthly rainfall 
data, and the analysis of the data extracted. The Symon rain gauge is the most commonly 
used rain gauge in India.

Fig. 7.11, Rain recorded in a Rain Gauge;
Image by Bidgee via commons.wikimedia.org
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Fig. 7.12, The syringe is heated and then 
pressed on a flat surface to close the tip 

of the syringe.

Case Study E - Rain Gauge
We have learnt about the model of an anemometer to measure wind speed. Let us now 
look at the model of a rain gauge, which is an instrument used for measuring the amount 
of rainfall in a region. A simple design of a rain gauge, using a cylindrical shaped syringe 
and a millimetre scale template, is explained in Fig. 7.12 to Fig. 7.15.

Fig. 7.13, A millimetre scale template is pasted on 
the syringe such that the edge with the '0 mm' 

reading aligns with the edge close to the syringe's 
tip. The measuring unit of the rain gauge is ready.

Fig. 7.15, Fill the measuring unit with water up to 
'0 mm' before placing the rain gauge model to 

measure the rainfall.

Fig. 7.14, Mount the measuring unit of 
the rain gauge on any stand, such as a 

water-filled container. 

Will there be any difference in the accuracy of measurement of the rain gauge model if we 
vary the following parameters?

Question 10

Accuracy impacted?Parameter#

Varying the diameter of the measuring unit (in the 
model, syringe is the measuring unit)

Varying the height of the measuring unit
Using a cone shaped vessel instead of a cylindrical 
shaped one

Yes/Noi

ii

iii

Yes/No

Yes/No
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Write your answers with reasons in the space provided below.

i.  _____________________________

ii. _____________________________

iii. _____________________________

Different rain gauges are mounted at different locations mentioned below. Choose the rain 
gauge that would give the most accurate answer.

Question 11

Under a tree (one metre above ground level)a.
Under a tree (close to ground)b.
In an open area, like a terrace or ground (one metre above
ground level)

c.

In an open area, like a terrace or ground (close to the ground)d.

.

Answer

Question 12
In Fig. 7.15, the rain gauge is filled with water till the '0 mm' marking of the measuring unit. 
What would happen if you skip this step? Write your answer in the space provided below.

Answer

Exploration Pathway

DIY Anemometer

The speed of wind can be measured by an instrument called an Anemometer. Here, using some 
cardboard, a rubber base, a pencil and some paper cones, you make your very own anemometer. 
This can also be fitted with a Wind Vane, to determine the direction of the wind.



84Competency Based Education - IX (Science)

Heat transfer is the movement of thermal energy from one place/substance to another due to a 
difference in temperature. It can happen in 3 specific ways, and may be rapid (like heating a pan on 
the fire) or slow (like through a thermos flask). In this TACtivity, we build models with simple 
materials to understand the three forms of heat transfer - conduction, convection and radiation and 
the differences between them.

Matter - Heat Transfer

One of the simplest meteorological instruments to make is a rain gauge. Here, we paste a length 
scale vertically on a plastic syringe barrel, which can be used on your terrace or any open ground, 
to measure rainfall data. This can then be extrapolated to collect weekly, monthly, seasonal and 
annual rainfall data.

Rain Gauge Model
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