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FOREWORD

The National Curriculum Framework (NCF), 2005, recommended
that children’s learning at school be linked to their life outside the
school. It further advocated for adopting a constructivist approach of
teaching where students and teachers are viewed as partners in the
teaching-learning process. The teacher plays the role of a facilitator
and helps children to express themselves, handle objects, and explore
their natural and social milieu. In the context of teaching of science,
the NCF-2005 suggested providing opportunities to children so as to
enable them to examine and analyse their everyday experiences and
integrate the same in their learning of scientific concepts. In order
to realise these objectives, there is a need to reorganise classroom
practices which provide opportunities to children for interaction
with the environment.

The present handbook attempts to translate the ideas advocated
by NCF-2005 in teaching of science to the students at the secondary
stage. Various scientific concepts have been illustrated through a
series of fun activities, games and toys. The young learners would
love to play and participate in these activities and games, which will
eventually make the learning of science interesting and enjoyable.
In addition, this will also help in the learner’s physical, social and
emotional development.

I appreciate the efforts made by the Department of Education
in Science and Mathematics of NCERT and the Development Team
for bringing out this material. Several teachers contributed to the
development of this material. We are grateful to their respective
organisations for making this possible.

We solicit suggestions and observations of the readers to bring
out further improvement in the Handbook.

HRUSHIKESH SENAPATY
Director

New Delhi National Council of Educational
12 November 2018 Research and Training






PREFACE

Activities and demonstrations are crucial in the teaching-learning
process of science. Conduct of activities on scientific concepts
in a play-way method is expected to be effective for children at
the secondary stage. The present publication is an attempt in
this direction.

This book is an outcome of the efforts made in the direction of
making science learning interactive, interesting and child-centric.
This becomes more relevant considering the declining interest of
children in learning science. Attempts has been made to suggest
activities in the form of games, toys and fun generating concepts
through a child-centric approach, so that the students at the
secondary stage can learn the concepts in an interesting way.

Theunique feature of this book is the suggestion of some innovative
pedagogical strategies. Traditional games, which are struggling for
their existence in the present era of technology, have been used as a
tool to learn science concepts in an innovative manner. Indoor and
outdoor games have been used as a pedagogic tool to learn science.
This is expected to ultimately result in the holistic development of
a child. Besides, some art forms have also been used to present
the concepts of science in an interesting and interactive manner.
Development of creative domain of a child through learning science
is addressed through activities suggested in the handbook to make
learning of science stimulating and exciting.

The activities, toys and games suggested in the handbook may be
used for assessment as a tool for learning, assessment for learning
or assessment of learning.

Another interesting feature of the book is the scope for
involvement of children with special needs. In each and every activity
this issue has been addressed and accordingly incorporated. It is
expected to facilitate an inclusive setup in school in general and
classroom in particular.

Sincere gratitude is due to the development team who have put
their sincere efforts to bring out this handbook. Also, thanks are
due to the technical staff of the NCERT for their support in the
entire process.



The development team of this book believes that the book
stimulates and brings the excitement and fascination for learning
science by doing. Teachers and parents are requested to refer to
the book in the spirit in which it has been written. Encourage and
involve children to perform activities and learn by doing rather than
by rote. If you find this book useful and enjoy teaching-learning
science through this book we will consider ourselves well-rewarded.
Suggestions, if any, for further improvement of the book are welcome.

Rucur VErRMA

Professor
DESM, NCERT, New Delhi
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INTRODUCTION

The child’s community and local environment form the primary
context in which learning takes place. The interaction of child with
the environment and engagement with the kind of activities which
make the child interested and self-motivated to learn and construct
knowledge is the essential aspect of teaching-learning process.

This book is an attempt to suggest ways of teaching-learning
in the context of the child’s world. The intention is to make the
boundary between the school and its natural and social environment
porous.

Objectives
The handbook aims to fulfill the following objectives:

e Making teaching-learning process of science inclusive,
interesting, interactive and child-friendly.

e Linking learning of science inside and outside the classroom.

e Facilitating development of various domains of a child (cognitive,
psychomotor, socio-emotional, communicative, adaptive, etc.)
through learning science.

e Striving towards preservation of cultural heritage by using
traditional games.

¢ Integrating science with arts.

How to use

To meet the objectives, some exemplar activities have been suggested
under three sections namely— Fun Activities, Games, and Toys,
so as to integrate art with science. These activities may be used
inside or outside the classroom for making learning alive, vibrant,
and meaningful.

There is a scope to modify or improvise these activities as per the
need and convenience of the user. Care has been taken to identify
low-cost or no-cost materials to perform activities.

Games section includes outdoor as well as indoor games including
Board Games. The innovative pedagogical practices have been
explored by suggesting the integration of traditional game with
teaching-learning of science concepts.

The handbook uses the term Facilitator, which may be either

teacher or learner depending on whether the activities are facilitated
by the teacher or exclusively planned by learners themselves. This
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opens up the opportunity for peer group learning through trial and
error method as well.

The activities in each section confirm to a format that includes:
Number of Participants; Time Required; Material Required; How to
Proceed/Play; Note to Teacher; Points for Discussion; Science behind
the Game; Extension of the Activity/Game/Toy; CWSN (Children
with Special Needs).

The activities suggested are to be performed in groups so that
participation of the whole class may be ensured. Time required for
performing the activity is mentioned for smooth conduct through
advance planning. In some cases if time required exceeds from 40
minutes, planning may be done accordingly either by arranging
for two periods at a stretch or by splitting the phases of activity in
two days.

Instructions are mentioned on how to proceed for the activity or
play the game. Wherever required, ‘Note for the Teacher’is mentioned
in a separate box. It is expected to sum up the activity with discussion
on the concept involved to make the exercise meaningful. Therefore,
under the head ‘Points for Discussion’, some exemplar questions
are suggested on the concept to initiate discussion after performing
the activity.

Children have to construct knowledge on the basis of their
experiences while performing activities, the Science behind the
Activity/game/toy is mentioned as a reference for the teacher.

Under the heading ‘Extension of the Activity’, more concepts are
suggested for which the same activity may be used as a learning tool.

In an inclusive classroom every child should be a part of
teaching-learning process. Ways and modifications for involvement
of Children with Special Needs (CWSN) are mentioned at the end of
every activity to make the whole process inclusive.

As assessment is the part of teaching-learning process, the
suggested activities provide an opportunity to be used either in
the form of ‘assessment as learning’, ‘assessment for learning’ or
‘assessment of learning’. As a result there will be a shift beyond paper
pencil test, and assessment will become interesting and holistic.

It is expected that the activities suggested in the book will
support in developing certain skills such as— problem solving,
collaboration, communication, discussion, socio-emotional,
performance, creativity, etc., among learners.
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HOW DO YOU VARY
YOUR VOICE

@ Time Required

Entire class 10 minutes

Number of Players

Material Required

Few balloons and a pair of scissors.

How to Proceed?

Cut a ring of about 2cm wide from the balloon as
shown in the figure below.

Ring

Fig.1
Stretch the ring by holding it from two sides
across its diameter and blow through it. .
You would hear a whistle. To

g 2
Try to produce different whistle sounds by  «%
further stretching or relaxing the strip.

Points for Discussion

1. How does the sound change on stretching and
relaxing the rubber ring?

2. Why does the sound change on stretching the ring?



Fun Activity

Science behind the Activity

You must have learned that in our throat we have a
voice box, or larynx, through which we speak. The
particular part that gives us our voice are the vocal
cords. The vocal cords are two stretched membranes. It
is the vibration of these membranes that is responsible
for the voice we produce. By varying the degree of
stretching, we can produce sounds of various types.

In this activity, the stretched strip of balloon mimics
our vocal cords, and by varying the degree of stretching
we can produce sounds of various types, just as we
do with our vocal cords. This strip therefore acts as a
crude model of the vocal cords and production of sound
by it.

Why does the type of sound change when we stretch or
relax the strip?

The reason is that the degree of stretching changes the
tension in the strip which changes the frequency of the
sound produced.

The vocal cords

p

"~ Nasal
passage
. —
Nostr11_~-/ L4 \ Trachea
Mouth——" 14, longue . ! (Here, air goes
when we breathe)
Tooth ———
Vocal cords & iy Esophagus
(These vibrate to A (Here, air goes
make sound when o\ when we eat)
we talk)

4
.,n.?‘lllll
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Understanding Science through Activities, Games, Toys and Art Forms (Secondary Stage)

Vocal cords while breathing Vocal cords while speaking

https://en.wikipedia.org/wiki/Vocal_folds

-

* CWSN (Children With Special Needs)

This activity can easily be performed by CWVI
since it is based on auditory clues. Verbal prompts
or physical prompts may be required for the step
involving the stretching of the ring (and extent).

For students with locomotor disability: No modification
is required.

For students with hearing impairment: Variation in
the sound produced may be explained through sign
language or gestures.



STRANGE SOUND

()
@ Number of Participants e Time Required
: Entire class, in groups of About 2-3
S students each. minutes per
player
-% /Y Material Required
e,
—

One medium sized empty plastic or metal can, 1m thick
strong thread, and a small piece of thick cloth (For each

group).

How to Proceed?

Make a small hole at the bottom of the plastic or
metal can. Pass one end of the cord through 1
it. Tie a matchstick (or toothpick) to this end w
of the thread so that the thread does not =
come out of the can. f’}

Fig.1



Understanding Science through Activities, Games, Toys and Art Forms (Secondary Stage)

Hold the can in one hand and place the piece of cloth
around the thread (near its end).

Now quickly slide the cloth over the thread away from
the can while still pressing it over the thread.

Listen carefully if a sound is produced.

Repeat the above steps by sliding the cloth at
different speeds.

Points for Discussion

1. Why is a screeching sound produced?

2. Is aloud sound produced if the cloth is rubbed over
the thread without the can?

3. Does the can have a role in magnifying the
sound produced?

Science behind the Activity

The vibrations created by rubbing or plucking of the
thread are transferred to the empty can causing the
amplification of the sound produced.

Hold the can in one hand and press the other end of the thread
with your foot to make the thread taut. Now pluck the thread
and listen to the sound produced.

Ask one of your friends to cover the mouth of the can and
repeat the whole process.

Encourage students to repeat using cans of different
materials and sizes and also with threads of different
thicknesses. They may also use a spring instead of thread
and shake the can with spring hanging down. Or the
spring may be tapped against a hard surface to produce
sound. This way, encourage students to produce different
sounds. For all these variations students may compare
the sounds produced.



Fun Activity

Fig. 2

CWSN (Children With Special Needs)

The activity can easily be performed by CWVI
because it is based on auditory clues. The teacher
or a peer may be asked to provide physical cues
while performing the activity for the first time.

For students with locomotor disability: No
modification is required.

For students with HI: The variations in the sound
produced may be explained using sign language.




CENTRIPETAL FORCE

DEFYING GRAVITY

e Time Required

Entire class, in groups of 20 minutes
5-6 students each.

Number of Participants

Material Required

A small tube (empty ink tube of a discarded ball point
pen), a piece of thick thread or string about a metre

long, and two objects weighing approximately 25g
and 200g.

How fo Proceed?

Take the tube and pass the thread through it.
At one end of the thread tie the light weight 1
(could be an eraser, pebble or a metal nut).

At the other end suspend the heavy weight
(a piece of brick, a block of iron or wood **
would be fine).

Fig.1



Fun Activity

Now holding the tube firmly, whirl it around so that
the light weight starts moving in a circular orbit
(Fig. 2). Always keep the string taut.

— —— —

ey .
- == _Circular

-
sotret
Light weight d& ) orbit

L. r -
- -
— e L — o

—

Ballpen tube

Thread

. Heavy weight

Fig. 2

Increase the speed of rotation slowly.

Observe that as the light weight starts rotating the
heavy weight gets pulled up against gravity.

Science behind the Activity

To maintain an object rotating in a circular orbit a force
is required to act on the object. This force is called the
centripetal force. If you rotate an object holding the
string in hand, you will feel a pull on the hand. This pull
is due to the tension in the string. In this case, there
is no hand therefore the pull is on the heavy weight. If
the light weight is rotating fast, the centripetal force is
stronger than the force of gravity on heavy weight. As a
result it gets pulled up, apparently defying gravity.
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Understanding Science through Activities, Games, Toys and Art Forms (Secondary Stage)

When the heavy weight has been pulled up so that it is near the
lower end of the ballpen tube, gently pull it down. You will find that
the frequency of rotation of the light weight increases. As you keep
pulling down the heavy weight, the frequency keeps increasing.
You will learn in higher classes the complete explanation of
this phenomenon. Here we can just give a hint. A rotating body
acquires a property called angular momentum, which it tends to
conserve, in accordance with a law called conservation of angular
momentum. The magnitude of the angular momentum L=mrlo,
where m is the mass of the body, r is the radius of the circular
orbit and ® is the frequency of rotation. By pulling the heavy
weight downwards, we decrease the radius of the orbit. To keep
the angular momentum constant the frequency of its rotation must
increase as a consequence.

% CWSN (Children With Special Needs)

For CWVI: No modification is required because the
movement can be felt by them. Only the procedure
may be demonstrated with physical cues for the
first time.

For CWHI: No modification is required.

For CWLI: No modification is required.



COLOUR OF SUN AT
SUNRISE AND SUNSET

Number of Participants y Time Required

Entire class 30 minutes

Material Required

Rectangular container of clear glass or transparent
plastic (approximately 30cm X 20cm x 15cm), a large
torch (three large cells) or LED torch, water, milk (50ml)
and a plane mirror (6cm x 10cm) with a suitable stand.

How to Proceed?

Fill the container with water.

<l Joy
Add a few drops of milk at a time till water ¢y "
appears just milky.

With the help of the plane mirror, direct a
beam of sunlight on a face of the container so that
the light passes through its length (Fig. 1).

Alternatively, use a torch instead of sunlight (Fig. 2).

A
Plane
mirror
C

Fig. 1
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Understanding Science through Activities, Games, Toys and Art Forms (Secondary Stage)

Look at the light through the container from Point A
(Fig. 1 and Fig. 2). You will see light coming out with a
reddish hue. If the incident light is more powerful, the
colour of the transmitted light will be redder.

If you look from Point B or C, you will see light with a
bluish hue.

— A

Fig. 2

Science behind the Activity

The particles of milk are suspended throughout the
water in the container. These particles scatter light.
The white light of the torch consists of seven prominent
colours: violet, indigo, blue, green, yellow, orange and
red. The wavelength of light increases from violet to red
colour. You might have seen the white light split in its
component colours in experiments with prisms.

The scattering of light by milk particles is more effective
for shorter wavelengths than for longer wavelengths

(proportional to % ). Therefore, blue light is scattered

more than the red light. The scattered light is sent in all
directions (Fig. 3).

Light scattered in all
directions

Incident light _’

Scattering particle

Fig. 3



Fun Activity

When we look at the light coming out through the side
of the container opposite to the side on which light is
incident (from Point A), we see the light from which blue
colour has been filtered. The colour of light, therefore,
appears reddish. On seeing from Points B and C, we see
the scattered light which is richer in blue colour.

When you see the sun at sunrise and sunset, you see it
red because much of the blue colour has been removed
by scattering due to air and dust particles in the
atmosphere of the earth. As the sun keeps rising in the
sky after sunrise, reddishness decreases because the
path of sunlight becomes progressively shorter through
the atmosphere (Fig. 4). If you look in any direction
other than the sun, you see the scattered blue colour.
That is the reason for sky appearing blue.

7
A
"

- ‘
v -

H'\\ Earth's

\ / atmosphere

( { - | |
"y

Fig. 4

v CWSN (Children With Special Needs)

For CWVI: Since, this experiment is based on purely
visual concept, the student with visual impairement
may be paired with a sighted buddy.

Availability of colour probes (to detect and tell
about the colour change) will enable the student to
know about the colour change. In absence of colour
probes the change may be conveyed verbally to the
student.

13



ELECTROMAGNETIC

Number of Participants

Entire class in groups of

INDUCTION

Time Required

30 minutes

5-6 students each.

Material Required

Coil of enamelled copper wire (about 100 turns),
enamelled copper wire (about 10 m), strong bar
magnet, a galvanometer, two cells, two LED 1.5 V
(preferably of different colours), and a sand paper.

How to Proceed?

Clean the ends of the copper wire by rubbing them
with sandpaper. If the readymade coil is being used,
clean the ends of the coil.

Wind the wire in the form of a coil of radius -}
about 1.5cm. You should be able to get ¢gs 9
about 100 turns. Make sure that you leave «
sufficient length of wire at both the ends to

make connections.

Connect the coil to a galvanometer as shown in
(Fig. 1).

Hold the magnet in such a way that one of its poles
points towards the coil.

Move the magnet rapidly towards the coil (Fig. 1).

The needle of the galvanometer gets deflected to one
side, showing that the moving magnet has induced
a current in the coil.



Fun Activity

<,

Coil

IZ
-

Coil

Fig. 1 Fig. 2

Now move the magnet away from the coil (Fig. 2).
This time the galvanometer needle gets deflected
in the direction opposite to the previous direction,
showing that the induced current in the coil is now
in the reverse direction.

Move the magnet faster and notice the increase in
the deflection.

Now repeat the above activity with the other pole of
the magnet towards the coil. All deflections are now
reversed compared with earlier case.

Science behind the Activity

When a magnet moves towards the coil, the magnetic
field linked to the coil changes. The changing magnetic
field induces current in the coil. This phenomenon is
called magnetic induction. Instead of the magnet,
the coil can be moved, or both can be moved towards
or away from each other. As long as there is relative
motion between the coil and the magnet, the current is
induced in the coil. The direction of the induced current
depends on the direction of motion of the magnet. When
the magnet moves away, the direction of the current
induced is opposite to that produced when the magnet
moves towards the coil. For a given coil, the deflection of
the galvanometer depends on the strength of the magnet,
and the relative speed between the coil and the magnet.

15
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Change the number of turns in the coil and note the changes
in the magnitude of the deflection in the galvanometer needle.

The bar magnet can be replaced by a similar coil with a core of
soft iron and connected to a cell in which a current is flowing
(Fig. 3). This coil is equivalent to a bar magnet. Then the relative
motion between the two coils can induce current in the coil
connected to the galvanometer.

Insert a core of soft iron in the coil connected to the galvanometer
and notice the change in the extent of deflection.

Magnetic lines

Fig. 3

Connect the coil with LEDs as shown in Fig. 4 and Fig. 5. If
the magnet is strong and moved fast, the LEDs should glow;
one while the magnet is moved towards the coil, and the other
when it is moved away from the coil.



Fun Activity
17

7/

Fig. 5

Fig. 4

V CWSN (Children With Special Needs)

For this activity CWVI must be paired with another
student who can tell him about the deflection in
the needle and the change in the direction of the
deflection. The peer can also help him with the set
up, and for carrying out the activity light probes
may be used.

For CWHI and CWLI: No change is needed.



REDOX REACTION

CHANGING COLOUR LIKE
A CHAMELEON

@ Time Required

30 minutes

@ Number of Participants

Entire class

Materials Required
AL

S

Funnel, filter paper or cotton, two glass tumblers or
beakers, glass rod, potassium permanganate and sodium
hydroxide.

How to Proceed?

Facilitator will divide the class into groups to perform
the activity.

- -—*F

Prepare a dilute solution of
potassium permanganate
by dissolving 0.5g in
250ml solution.

Prepare 0.01N solution
of sodium hydroxide by
dissolving 0.1g in 50ml
solution. Take 20ml of the
potassium permanganate
solution in a glass beaker.

Add about 1ml O0.01N
sodium hydroxide solution
to it. Note the colour of the
solution.

Take a filter paper and fold
it. Place it in the funnel
and keep it on a flask.



Fun Activity

Pour the coloured solution slowly through the
funnel and note down the change in the colour of
the filtrate.

Repeat the above four steps by using a cotton ball
in place of filter paper. Observe and note down the
change in the colour of the filtrate.

In another beaker, take 20ml of potassium
permanganate solution and 1ml of sodium hydroxide
solution. Transfer this solution into another beaker
through a plastic strainer.

Points for Discussion

What was the colour observed on adding
0.01IN sodium hydroxide solution to potassium
permanganate solution?

Did the colour of the solution change after passing
through filter paper?

Did the colour of the solution change after it was
filtered through cotton ball?

Did the colour of the solution change after passing
through plastic strainer?

Which of the material present in filter paper
or cotton helped in the colour change of the
solution and why?

Science behind the Activity

This is an example of redox reaction. Cellulose present
in filter paper or cotton act as a reducing agent that
reduces alkaline solution of potassium permanganate
into potassium manganate. The green colour of the
filtrate slowly changes to brown and finally becomes
colourless, as potassium manganate formed during
redox reaction is colourless. There is no change in
colour when the coloured solution is passed through
plastic strainer as no redox reaction occurs.

19
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EXTENSION ACTIVITY

A variety of material or devices such as cotton wool, plastic, cotton
cloth, nylon cloth, stainless steel strainer could be used to find out
if there is any change in colour.

CWS3N (Children With Special Needs)

CWVI may either be provided colour probes or they
should be paired with a sighted buddy who can tell
the child about the colour change.



THE DANCING MUG

Number of Participants

Y + § lime Required

To be done individually S Minutes
preferably at home.

Material Required

A bucket and a mug.

' How to Proceed?

For this activity you will need a running tap of water.

Keep the bucket under the running tap and
fill it.

Place the mug in water in the bucket.

~f D0
en
Note the manner in which the mug floats

on water. Is it floating in vertical position

or is it tilted?

Place the mug on water in different ways and note
the manner in which it finally rests (Fig. 1).

Open the tap a little so that a thin stream of water
flows out of it. Let the water fall into the mug floating
in water. If required, adjust the mouth of mug for
the tap water to fall inside it (Fig. 2 and Fig. 3).

Observe what happens to the tilting of the mug as
it gets filled with water. Make a note of the surface
of water inside the mug. Is it also tilted like the mug
or is it horizontal? Also try to note the difference
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in level of water between the bucket and the mug
when it comes to vertical position (Fig. 4).

Slightly tilt the water-filled mug and release it. Note
the position in which the mug finally settles. Repeat
it a few times. Does the mug always come back to
the vertical position?

Open the tap again and let the mug get filled up to
the brim. Make a note of the levels of water inside
and outside the mug during this time. Does the mug
sink more and more as it gets filled with water?

Science behind the Activity

A body floats in a liquid
if the weight of the liquid
displaced by it is higher
than its own weight,
that is, the upthrust is
more than the weight
of the body. Initially,
when the mug is empty
it floats in an inclined
position. This is because
in equilibrium position,

the centre of gravity of
the mug should be at the
lowest point. However, as
the mug gets filled with
water, the position of its
centre of gravity keeps
falling with respect to the
outside water surface. At
the same time the centre of
gravity also keeps shifting



Fun Activity

towards the axis of the mug making it tilt more and more towards

a vertical position. Finally, the mug begins to float in a vertical
position.

=1

F d

IVI CWSN (Children With Special Needs)

By pairing the visually impaired child with a sighted
buddy he may be made to feel the different positions
of the mug and he may be guided by the buddy to
feel the surface of the coater inside the mug and the
difference in the level of water between the bucket
and the mug and other such changes by means of
tactile sense.

For CWHI: No modification is required.
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DO YOU TRUST SCIENCE?

Number of Participants Time Required

Entire class 30 minutes

Materials Required

Two litre can (tin/plastic), thick nylon cord (about 5 m
long), sand (about 2 kg).

How to Proceed?

Fill the can with sand so that it weighs about 2kg. If
available you could use 2kg weight. 1

Suspend the can like a pendulum in the w
middle of a room from the ceiling. If this is -
not possible, you could go out and suspend f.?
the can from a tree, or make some other :
suitable arrangement for its suspension. The can
acts as the bob of a pendulum.

Take the can to one side and adjust the height of the
pendulum from the ground so that in its extreme
position it is roughly at the level of the nose of the
student. Make a line on the ground to mark her/his
position.

Before letting the students perform this activity:

The teacher must ensure that the student taking
the assigned position does not move at all from
that position.

Also ensure that the bob is not given any push
while releasing it.



Fun Activity

Ensure that the lid of the tin can is secured so that
it does not open during the activity.

Make sure that the support is strong and the bob
does not get separated from the string.

Ask a student to stand firm on that line and not move
away.

Let her hold the can only a few centimetres from her
nose. Ask her to let the can go, without giving it any
push.

Observe the reaction of the student as the can
approaches her after completing an oscillation.

Does she move from her position as she sees the can
approach her?

Let each student in turn stand in the position taken by
the first student.

Repeat the process.

See the reaction of the students as the can
approaches them.

Science behind the Activity

The distance of the extreme position of the pendulum
from the mean position is called its amplitude (L in
Fig.1). From the experiments on the simple pendulums
we know that for a given pendulum the amplitude never
increases while the time for one oscillation remains
constant. Even knowing this, the student has a natural
tendency to move away to protect himself/herself from
being hit by the 2 kg weight. Not only these students, it
is a universal tendency. This means that when it comes
to being hurt, we have very little faith in science.

In this case, every time the pendulum is set oscillating,
its time period is constant and its amplitude does not
change much if the friction at the point of suspension
is small. The amplitude does not increase in any case.

25
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So, armed with this fact, there was little to be afraid of when
the heavy can was approaching us. We should have had
faith in science.

Remember that the first astronaut had enormous faith in
science when he agreed to go into space; consequences
of any wrong calculation or assumption could have been
extremely disastrous. Every new venture is fraught with
dangers; but faith in scientific process gives us the courage
to undertake it.

Fig.1

-

v CWSN (Children With Special Needs)

For CWVI: It’s a purely visual activity so observation
of the approaching pendulum is not possible. A
sighted buddy or teacher may tell the student about
it.

For CWHI: No modification is required.
For CWLI: No modification is required.



FIND MY 'MISSING PART

Number of Participants "e‘ Time Required

Entire class 30 minutes

Materials Required

Chart paper, cardboard, marker pens, double sided
tape, pair of scissors and cloth piece for blindfolding
the players.

How to Proceed?

This game is about finding the ‘missing part’ of the
body of an organism.

Students may prepare cut-outs of diagrams of
some organisms, such as Hydra, Spirogyra, 1
Bacterial cell, Euglena, etc.

The cut-outs may be prepared in such a f.‘,)
way that all its parts are detachable. e

For example, make a cut-out of Hydra with one

or more of its detachable tentacles, stinging cells, etc.,

or a filament of Spirogyra with detachable chloroplast,

pyrenoid, nucleus, etc.

Divide the class into two teams, A and B, and make
them sit teamwise.

Fix the cut-out on a soft board or a cardboard with
the help of double sided tape.

Players of both teams will observe the cut-out
carefully and find out which part is missing from it.
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e
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Facilitator will call one student from team A and hand
over the missing part. The student will observe using
various senses the position of the missing part.

The facilitator will tie a cloth strip on the student’s eye
to blindfold.

After that the facilitator will turn around the blindfolded
player and ask to affix the missing part with a double
sided tape. The other members of the team can guide
this player by giving directions such as ‘Go left’, ‘Move a
bit on the right’, so on and so forth!

Affixing of ‘missing part’ at the correct location will give
10 points to the team and placing it in wrong location
will not fetch any points.

Likewise, after the turn of team A is over, a player of
Team B shall be blindfolded and asked to affix another
missing part.

The facilitator will begin next round of game with another
example.

Team that scores more points will be declared
as winner.

Points for Discussion

The facilitator can initiate the discussion about
the position, characteristics and function of
the ‘missing part’ of each example.

Based on these parts, there can also be a
discussion about the characteristic features of
various phyla.

Science behind the Activity

The uniqueness (or characteristic features of all
organisms) is the basis of diversity in living forms.



Fun Activity

Organisms have been classified into different groups and 29
sub-groups on the basis of their similarities, differences and
relationships.

Through this game, examples of various phyla and their
characteristic features can be reinforced in a play-way manner.

EXTENSION ACTIVITY

The plot of this game can be Missing tentacle to
used to reinforce location and be fixed o
tissues in plant body, of guard

structures of various Plant
cells in epidermal layer, of é

tissues and Animal tissues; for
dendrite in neuron unit of Epidermis

example, those of meristematic

t ¢ Mesoglea
nervous tissue, €etc. Gastrodermis
Gastrovascular T
P " 4 cavit i, A
tiesing chloroplast bef= AL Cell-wall Y
,-::1’ =772 Chloroplast Foot
& _\h ' : Pyrenoids Hydra
RS 3
Nucleus Debate can be held
Cytoplasm about the importance

of biodiversity and
about causes of decline
in biodiversity.

3-D models of
organism belonging to
different groups may
be used to play this
game.
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CWSN (Children With Special Needs)

For CWVI: The diagrams have to be made tactile using
different textures which can be easily discriminated,
and the activity may be done using that.

For low vision student diagrams may be drawn
using bold lines.

For CWHI: No modification is required.



DISAPPEARING BEADS

Number of Participants

v + » lime Required

Entire class 10 minutes

100ml measuring cylinder, Sml dilute (10%) HCI, 90ml
kerosene, 10ml 1% NaOH solution, phenolphthalein
solution and a dropper.

How to Proceed?

Take a 100ml measuring cylinder and add Sml HCI
into it. Now add carefully 90ml kerosene slowly to
form a layer over the acid.

Add a drop of phenolphthalein solution to 10ml 1%
NaOH solution, taken in a test tube (this gives a
reddish-pink coloured solution).

From the top of the cylinder add a drop of coloured
NaOH solution. Observe the movement of the drop
through the kerosene to the acid below it.

The drop retains its colour through kerosene but
disappears in the layer of acid at the bottom.

Likewise add more drops of coloured NaOH solution
and observe. It creates wonderful visual as if tiny
beads are coming down from the kerosene layer
and are disappearing at the bottom.
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Points for Discussion

Where has the bead gone? Why did it retain its
colour in kerosene?

Science behind the Activity

This is a neutralisation reaction. There is an acid at
the base of the cylinder. The coloured beads are made
of dilute base and phenolphthalein. The cylinder
contains kerosene on the top of the layer of acid. The
two chemicals are immiscible so they form two different
layers. When pink drop of base passes through the
layer of kerosene, it looks like a bead falling down
as base is also immiscible with kerosene. When pink
bead enters the layer of acid it gets neutralised by the
acid layer and disappears. This forms an illusion of
disappearing beads.

The fun activity can be played with different combination of
acids, and bases and a neutral liquid (kerosene).

In place of kerosene, turpentine oil or any refined oil
can be used.

CWSN (Children With Special Needs)

For CWVI: The student may be paired with a sighted
buddy to explain the changes which are purely
visual. The markings on the cylinder may be made
tactile.

For CWHI: No modification is required.



CHEMICAL RAINBOW
IN A BOTTLE

w Number of Participants
—

Entire class

e Time Required

20 minutes

Materials Required

Dilute hydrochloric acid (HCIl), sodium hydroxide
(NaOH), universal indicator, 10ml test tube, conical
lask and droppers, two standard flasks (250ml) (Fig. 1).

How fo Proceed?

Prepare 0.1 M solution of NaOH by dissolving 1g
solid NaOH in water in 250ml standard flask.

Take Sml water in a test tube or conical flask and
add two drops of universal indicator to it.

Add 0.1 M HCI drop by drop to it till the solution
becomes red in colour (Fig. 2).

Now start adding 0.1 M NaOH solution. With
every drop there will be change in the colour of
the solution. The colour will change from red to

Fig.1: Material required
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orange Fig (3) to yellow Fig (4) to green Fig (5) to blue
Fig (6) to indigo Fig (7) to violet Fig (8) by adding drops of
the base.

On getting violet colour, Fig (8) put aside the bottle
of NaOH solution and start adding HCI solution drop
by drop.

On adding acid, the colour of the solution in the bottle
will change to blue to indigo to green to yellow to
orange to red.

Fig. 4 Fig. 5 Fig. 6

Fig. 7 Fig. 8
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Points for Discussion

What is it that makes the solution change colour? What
would happen to the red colour if you continue adding
acid? Similarly, what would happen to the violet colour
if you continue adding base?

Science behind the Activity

This is a reaction showing the change in the pH value of
the solution. Universal indicator responds to the number
of H+ or OH- ions present in a solution and shows a
particular colour. That is why when concentration of
these ions is changed by adding drops of either acid or
base, solution keeps changing its colour. On continuous
addition of acid, the red colour intensifies. Similarly,
violet colour intensifies on further addition of base.

Students can do the same experiment with red cabbage juice.
To extract red cabbage juice, make a paste of red cabbage
in warm water, strain and cool the solution. Use it in place of
universal indicator.

CWSN (Children With Special Needs)

CWVI may either be paired with a buddy to tell him
about the colour change or colour probes should be
provided to him.

Precaution: Desired volume of acid and corrosive

solutions may be provided to the CWVTIif he is conducting

the activity independently.

For CWHI: No modification is required.
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MODEL OF THE EYE

Number of Participants "e‘- Time Required
Entire class divided 35 minutes
into groups each of 5-6

students.

Each group of students is to be provided with a cylindrical
jar (diameter about 10cm and height about 15cm)
made from clear plastic or glass (a 250ml round bottom
flask preferably with a flat bottom can also be used),
convex lens L, (focal length 10cm), convex lens L, (focal
length 20cm), concave lens L, (focal length 20cm), two
lens holders, a 15cm x 15cm piece of thick cardboard/
styrofoam, a pair of scissors/sharp paper cutter, two
laser pencil lights, sticking tape, milk (50ml) and water.

How to Proceed?

Fix the lens L, on a lens stand and place it
in front of the cylindrical jar. Make sure that
the optic centre of the lens lies nearly in the w
line through the middle of the jar. If required,
adjust the height of the jar and/or that of the "~
lens by placing a pile of books under them or
by any other suitable arrangement.

Fill the jar with water up to a height such that its

level is above the upper edge of the lens kept in front
of it. Add a few drops of milk to the water in the jar.



Fun Activity

The amount of milk added should be just enough to
give it a milky appearance.

Now fix the two laser pencils horizontally on a piece
of cardboard using sticking tape such that the rays
from them are parallel to each other and are close
together. Fix this arrangement on a laboratory stand
or place it on a pile of books such that the laser
lights are at the same height as the optic centre of
the lens (Fig. 1).

Direct two parallel beams of laser light on the jar
containing milky water. Look at the laser beams
through water in the jar from the other side or from
the open top of the jar. Do you observe that the two
beams of light get converged in the milky water in
the jar? If the beams of laser light in milky water
are not visible clearly, add a few more drops of milk
or water depending on whether the colour of milky
water is too light or too dark.

Where do the two beams of light appear to meet
in the milky water? Do they meet within the jar or
outside it? In this model of the eye, the jar of water
and the lens in front of it may be considered to
represent the eye (Fig. 1). In the above arrangement
the inner surface of the jar on the opposite side,
would represent the position of the retina of the
human eye.

When parallel rays meet in front of the retina
(Fig. 2), the eye cannot see distant objects clearly.
This defect of the eye is called myopia or near-
sightedness.

Now place a diverging or concave lens L, in front of
lens L,. Observe what happens to the image point.
Does it move forward or backward? The shifting of
the image towards the retina mean that a diverging
lens can be used to correct myopia (Fig. 3). To
bring the image exactly at the retina, you need a
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concave lens of suitable focal length. This is what
an ophthalmologist does to prescribe for you a lens
of correct focal length (or power).

Next, adjust orientation of the two laser pencils
fixed on the cardboard such that the beams of light
from them are slightly diverging instead of being
parallel. Switch on the two laser lights and observe
the path of the two diverging beams in the milky
water. Where do the two beams meet? Is the image
point still at the retina or slight behind it? Which
type of eye defect does this represent? Rays from
nearby objects reaching the eye are divergent. If
these divergent rays meet behind the retina, nearby
objects connot be seen clearly. This defect of the eye
is called hypermetropia or far-sightedness.

Now, place lens L, in front of the eye lens (L)).
Observe what happens to the image point. Does
it move forward or backward? The shifting of the
image towards the retina from behind it means
that a converging lens can be used to correct
hypermetropia (Fig 4). To bring the image exactly
at the retina, you need a convex lens of suitable
focal length. This is what an ophthalmologist does
to prescribe a lens at correct focal length (or power).

Science behind the Activity

The following ray diagrams would help you to understand
how the divergent and convergent lenses help in
correcting two types of eye defects namely-myopia and
hypermetropia [Fig. 5 and Fig. 6].

Note to the Teacher: In a normal eye, the light reaching the
eye from far and near object always gets focussed at the retina.
This is possible as the focal length of normal eye lens gets
suitably adjusted due to its power of accommodation.
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(a) Far point for Myopic eye

O

(b) Myopic Eye

O

(c) Correction of Myopic

Fig.1

O

(a) Far point for Hypermetropia eye

(b) Myopic Eye

OO

(c) Correction of Hypermetropia

Fig.2
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Fig.5 Fig.6

CWS3N (Children With Special Needs)

For CWVI: Purely visual activity but the concept of
myopia and hypermetropia and their correction can
easily be given by giving tactile ray diagrams.

For CWHI: No modification is required.

0.
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A FANCY BOOK MARKER

Number of Participants

Entire class

v + » lime Required

1 hour

Iron strip (3cm % 10cm), glass tumbler, water, copper
sulphate (5g), wax, oil paint, brush, metal bowl , candle
and match box.

How fo Proceed?

This activity can be performed individually.

The facilitator may ask the students to dip iron
strip in a bowl of molten wax. Allow layer of wax on
both side of the strip to deposit.

Ask students to scratch the wax from the strip to
make a design of their own choice. They can also
scratch some name.

Prepare solution of copper sulphate by dissolving
about 5g of CuSO, in 250ml of water in a glass
tumbler.

Ask students to dip the designed iron strip in the
solution of CuSO, as shown in Fig.1. Leave it aside
for one hour.

Now take out the strip from the solution, and remove
the wax by putting the strip in boiling water. Your
designed book marker is ready for use.

The book marker can also be decorated with designs
made with oil paints of various colours.
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Points for Discussion

In which colour does the design appear and why?

Is the colour uniformly spread over the design?
What happens to the blue colour of CuSO, solution
taken in the beaker?

Science behind the Activity

This activity is an example of a displacement reaction.
Iron being more reactive than copper, displaces copper
from the solution of copper sulphate. The copper get
deposited on the surface, wherever iron is exposed
to the copper sulphate solution. As a result of this
displacement reaction, the blue colour of copper
sulphate solution changes to green due to the formation
of ferrous sulphate.

The copper colour does not appear on the unexposed
part of the strip.

/ —
f /
YAl 4
."Ir.I _rll|l
74 .
I A De(_:orated iron
A : strip
Coloured wax
coating
Copper sulphate
solution
Paint coating
Fig. 1



Fun Activity

0 mEmmEww [ %

By changing the metal and metal ion solution, metallic cards of
different colours can be prepared. Thus (e.g., by using a strip
of aluminium and solution of iron sulphate) various metals
and the reactivity series can be visualised.

CWSN (Children With Special Needs)

The CWVI may perform the activity easily if they
are paired with a sighted buddy. The CWVI student
may be given the freedom to perform the activity
only with verbal cues or prompts and the change in
colour (wherever it occurs) must also be told.

For CWHI: No modification is required.



BoTH EYES JUDGE THE DEPTH OF AN OBJECT

THE EYE CAN DECEIVE YOU

@ Number of Participants

Each student will do

5 minutes

this activity.

W

S

Materials Required

Two sharpened pencils.

How to Proceed?

Hold two sharpened pencils one in each
hand, with sharpened edges facing each
other (Fig.1).
Stretch both of your hands in front
of your eyes.

Shut one of your eyes.

Fig.1

e Time Required

o4
"
-



Fun Activity

Now move the two pencils gradually towards each other

and see if you can touch the tips of the pencils together
(Fig. 2).

The result may surprise you. Try again.

45

Fig.2: A child trying to touch tips of the
pencils with one eye closed.

Science behind the Activity

To judge the depth of any object we have to use both
eyes which view the object from slightly different angles.
Therefore, this simple exercise becomes difficult as we
shut one eye, and see with the other.

CWS3N (Children With Special Needs)

For CWVI: Purely visual activity can't be performed
by CWVI.

For CWHI: No modification is required.




FLOATING FINGER

w Number of Participants
— Each student will do this
£

Time Required

5 minutes
activity.

& Materials Required

~—

Nil

How to Proceed?

Stand about 2-3 metres in front of a white screen
or a wall. Stretch your both hands in front of your
eyes with the forefingers of two hands touching each
other horizontally (Fig. 1).

Now look beyond the fingers at the screen or the
wall.

While keeping your eyes fixed at the wall, move
apart the forefingers gradually. You will able to see
a ghost finger hanging in the air (Fig. 2).

If you focus your eyes on the ghost finger, it
disappears, but appears again when you look far.

If you continue to pull the
two fingers apart you will
find that the size of the
ghost finger shortening,
becoming circular (Fig. 3)
and finally disappearing
when the separation
between the two fingers
is about 3-4cm. Fig. 1




Fun Activity

Fig. 2

Fig. 3

Science behind the Activity

Our two eyes form two different images. Each eye has
its own field of vision differing slightly in angle from the
other. When the brain receives the messages from both
the eyes, it combines the two messages and enables
you to see the object.

When you are looking far, the images of the ends of the
two fingers are not coincident and you get two separate
images. When the brain receives the messages from
both the eyes, it combines the two messages and you
see a floating finger.

v CWSN (Children With Special Needs)

For CWVI: Purely visual activity can’t be performed
as it requires visual input. Description may be
provided in Braille.
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DiI1SPERSION OF LIGHT

MAKE YOUR OWN RAINBOW

@ Number of Participants

Entire class in 4-5 groups.

@ Time Required

10 minutes

Material Required
AN

S

Water sprayer

How to Proceed?

When the Sun is fairly low and behind you
(such as early morning or late in the afternoon),
use the sprayer to produce a fine spray. Keep
spraying for some time to produce a dense fog
of water droplets.

Take a spray bottle and fill it with water. é

Fig. 1

Observe carefully. What do you see? A Rainbow! You
can even see the component colours of a rainbow.

The direction of sunlight is important at the time it
strikes the spray. It determines whether or not you
will see a rainbow.



Fun Activity

Science behind the Activity

1.

White light is made up of a spectrum of colours,
each with its own wavelength.

When light from the sun strikes a water droplet,
some of the lights are reflected. The rest of the
light is refracted and gets split into its component
colours.

At the rear of the droplet, the light strikes the water-
to-air interface, where it gets internally reflected.

As the rays are refracted once again, the various
wavelengths get dispersed further. The overall result
of this is the increased separation of the component
colours of white light and the appearance of rainbow
(Fig. 2).

Fig. 2 shows what happens when the sunlight strikes
an individual droplet.

. j 1. Light from Sun strikes droplet.
2. Some of the light is reflected.
The rest of the light is refracted

e
W

b 5 into the droplet.

4. Light splits into its component
colours ( Dispersion).

5. Internally reflected ray at rear
of droplet.

6. Refraction again as light leaves
the droplet.

7. Colours are further dispersed.

Fig. 2

v CWSN (Children With Special Needs)

The activity is purely visual but the Science behind
the Activity may be explained using the tactile
diagram.

For CWHI: No modification is required.
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ProPAGATION OF WAVE

THE WAVE MODEL

@ Number of Participants

Entire class

9 Time Required

30 minutes

Materials Required
AL

S

100 thin straight drinking straws and 3m long sticky
tape about 2cm in width.

Fig. 1

How to Proceed?

Carefully unwind about 1.5 metres of tape on
the floor or on a table with its sticky side up.
Take care that the tape is straight (Fig. 2).

Mark the mid-points of the straws and then
place them uniformly one by one on the
tape, such that their mid points are on the




Fun Activity

tape and the separation between two straws is about 51
3 — 4cm (Fig. 3(a) and (b)).

Leave 10cm of the tape from both the ends to hold it.

Stick 50-60 straws in this manner.

Now stick another piece of tape on top of this
arrangement of straws. This way all the straws will be
sandwiched between two layers of sticky tape.

Fig.2

(@]
(@)
(@)
(@)
(@]
(@)
(@]
(@)
(@]
(@)

Fig.3(b)

Your wave model is now ready.

Ask a student to hold one end of this wave model and
another student to hold the other end. Ask them to
keep the wave model stretched.



e
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Gently tap at one end of a straw near either end, of the
wave model.

Observe carefully. Do you see a disturbance travelling
along the length of the wave model? Observe the time
taken for the disturbance to move.

Now hold the model a little loose and again produce a
disturbance by striking the straw at one end. Observe
again the speed with which the disturbance moves along
its length. Do you feel that the speed of the disturbance
is now slower? If the wave model is held tight, then the
speed of the wave becomes faster.

Tap continuously the straw fixed at one end. The energy
will be transmitted and a wave can be seen to propagate
from that end. One can even see a reflected wave from
the other end.

Next, twist the straw fixed at one end by about 40° and
release it. Do you observe a transverse wave propagating
along the wave model?

CWSN (Children With Special Needs)

CWVI may be paired with a sighted buddy and
straws with tactile marking at their midpoint may
be given to him. He may be asked to note the time
difference in different setups by telling him about
the start and end of the movement.

For CWHI: No modification is required.



ELEcTRIC CIRCUIT

LEMON POWER HOUSE

Number of Participants Time Required

Entire class divided in
4-5 groups.

20 minutes

Materials Required

Thin strips of copper and zinc (bcm % 0.5cm % 0.2cm)
three each, two LED s ( light emitting diode), a divider
from the geometry box, three beakers (100ml) (or glass
tumblers of similar size, or containers cut from % litre
water bottles), 1m long connecting wire, water, a lemon
(one can also use vinegar ), sand paper.

Fig. 1



e
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How to Proceed?

Clean the surfaces of all the copper and zinc

strips with sand paper. Pierce a small hole w
at one end of each strip with the sharp point ~
of the divider.

Cut 4 pieces of the connecting wire each
10cm long. Remove lcm insulating coating from
both the ends of each piece of the wire.

LN |

Take three beakers and fill with water up to half of
their capacity.

Place one strip of copper and one strip of zinc in
each beaker as shown in Fig.2. These strips should
not touch each other in water.

Now connect the strip of copper from 1st beaker to

the strip of zinc from 2nd beaker with a piece of

connecting wire. Then connect the copper strip from
2nd beaker to the strip of zinc from 3rd beaker with

a piece of connecting wire. This arrangement gives

us three cells connected in series.

Identify the polarities of
LED. Out of the two legs of
LED the longer one is the
positive terminal. Connect
this positive terminal of
the LED to the copper strip
in the 3rd beaker with
a connecting wire. Now
connect the zinc strip in the
1st beaker to the negative
terminal of the LED with a
connecting wire.

Observe the LED. It may glow faintly. You might not

be able to see the glow.

Fig. 2

Now add a few drops of lemon juice or vinegar in
each beaker and observe the LED. Does LED glow
brighter this time? Can you see it easily?



Fun Activity

Science behind the Activity

1. Here copper strip acts as the positive terminal and
zinc strip as the negative terminal of each cell. Tap
water is usually a poor conductor of electricity,
therefore, although the circuit is completed the
LED may not glow or give a faint glow.

2. When we add some acidic solution such as lemon
juice or vinegar to water, it becomes a better

conductor and the current produced is stronger. So
LED glows brighter.

1. Reduce the number of batteries one by one and observe the
glow of the LED (Fig. 3).

Fig. 3

2. Connect one more LED in parallel to the LED in the circuit
and observe whether or not both the LEDs glow (Fig. 4).

Fig. 4
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3. Connect two LEDs in series in the circuit and observe
the glow of both the LEDs (Fig. 5).

&

"2
BB
S

Fig. 5

4. Repeat the activity by using a pinch of salt instead of
lemon drops.

4 CWSN (Children With Special Needs)

For CWVI: The students with VI may be paired with
a sighted peer for doing the set up. The intensity of
the glow or absence of it may be told verbally by the
peer or by use of light probe.

A tactile circuit diagram may be provided to facilitate
the understanding of the arrangement.

e
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PRESSURE IN Li1QuiDs

STRAW WATER PUMP

e Time Required

20 minutes

Number of Participants

Entire class in the groups
of two students each.

*% /Y Materials Required

ALY

A drinking straw with a bend, a straight straw into
which the bent straw fits, a plastic bead with a hole
which would fit in the straight straw, a thin plastic bead
with a hole which would fit in the bent drinking straw,
bicycle ball bearings, sticky tape, glass tumbler, water.

How to Proceed?

Take the straight straw. At one end of the straw fit
the plastic bead with its hole towards its opening
with a sticky tape. Drop a ball bearing inside this
straw from the other end (Fig. 1).

Now take the bent drinking straw. Fit the thin
plastic bead at the open end of the longer arm of

Fig. 1
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the straw with a sticky tape. Drop a ball bearing in this
straw from the bent arm.

Make a small cut along the bent arm of the straw and
twist this portion to make a nozzle. This will act as the
outlet for water (Fig. 2(a)).

The bent straw will act like a piston (Fig. 2(b)).

0.
o

Fig. 2 (a) Fig. 2 (b)
Insert the longer arm of the bent straw in the straight
straw such that it fits tightly (Fig. 3). Your straw water
pump is ready for use.

Take a glass tumbler. Fill it with water. Dip the end

Fig. 3
of straight straw fitted with bead in the water. Hold it
vertically with one hand and move the inner straw up
and down. Do this continuously for a few times. In a
few strokes the pump will start functioning and water
will rush out from the nozzle.



Fun Activity

Fig. 4

Science behind the Activity

P

This is a model of hand-pump which works on the
principle that water flows from higher pressure to
lower pressure.

When you move the inner straw outward, the
pressure of air inside the outer straw is reduced.
The water rises in it due to the higher pressure (that
is atmospheric pressure) on the surface of water in
the tumbler when you move the piston down, the
water cannot move back in the beaker because the
opening of the outer straw is blocked by the ball
bearing in it. As a result a small amount of water
makes its way to the inner straw. Moving the inner
straw up and down continuously the water comes
out from the narrow opening of the bent straw
(Fig. 4).

iv: CWSN (Children With Special Needs)

CWVI may easily perform the activity with verbal
cues and physical prompts. He may also feel the
rush of water from the nozzle by placing his hand
in the front.

For CWHI: No modification is required.
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ELECTROMAGNETISM

D. C. MOTOR

@ Number of Participants

Entire class in the groups
of 4-5 students each.

@ Time Required

20 minutes

*ﬁ /S Materials Required

Adrycell 1.5V, a
small disc magnet,
1 m long insulated
copper wire used
for motor winding,
two large safety
pins (about 6cm
long), a piece of old
cycle tube.

Fig. 1

How to Proceed?

Wind 8-10 turns of the insulated copper wire around
the neck of a water bottle to make a coil. Leave about
10cm of wire free on both sides of the coil.

Loop the free ends of the wire through the coil to
make a knot in such a way that S5cm of the wire
comes out of the coil in opposite direction. These
free ends of wire will act like arms of the coil. Both
these arms should lie along the diameter of the coil.
This will ensure a well balanced coil.

Scrape the insulation completely from both the arms
of the coil, till you see shining copper underneath.



Fun Activity

Cut 0.5cm broad rubber bands from an old cycle tube.
Stretch them on the dry cell, one across and one along
its length.

Fix two long safety pins at the two terminals of the cell
through the rubber band stretched along its length.
Make sure that circular rings of the safety pins are
upwards and are at the same level. Now insert free
ends of the coil through the circular rings of these
safety pins such that the coil rests on them in a
horizontal plane.

Fix the magnet on the cell using the rubber band fixed
earlier across it.

Rotate the coil by giving it a small push. Does it keep
spinning?

If not, check the contact of pins with the terminals of
the cell.

Fig. 2

Science behind the Activity

An electric motor is based on the principle of
electromagnetism. When circuit is closed a current
flows through the coil. This current interacts with the
magnetic field produced by the magnet due to which
the coil starts rotating.
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EXTENSION ACTIVITY

1. Bring another magnet above the coil. If the coil spins faster,
this would mean the pole facing the coil is opposite to that of
the first magnet. If, on the other hand, the motor slows down,
this would mean that the pole facing the coil is similar to that of
the first magnet.

2. Take out the coil and shape it into an egg shaped dumbbell.
This coil will also rotate very well.

3. You can try various shapes and sizes of coils.

CWS3N (Children With Special Needs)

For CWVI: The child with visual impairment can
easily participate in the activity by verbal cues about
the steps or physical prompts whenever needed.
The child may also feel the spinning easily, or the
movement can also be felt by placing a paper.

For CWHI: No modification is required.



A DIVER AT YOUR COMMAND
(CARTESIAN DIVER)

w Number of Participants
—

Entire class divided into 20 minutes (for
groups of four each. making the toy
and playing)

\ Time Required

C@& Materials Required

A

"""-_.—""”

One transparent cylindrical plastic jar about 20cm
high, 7-8cm diameter or a cylindrical glass tumbler,
small glass bottle like that used for homeopathic
medicines (3cm long and lcm diameter), a few strong
rubber balloons (to cover the month of jar), a 100ml
beaker, a few crystals of KMnO,, a pair of scissors
and thread.

How to Proceed?

Fill the jar with water. Ensure that
the jar is filled up to the brim.

Take some water in 100ml beaker.
Fill some water in the small bottle
in such a manner that it floats
vertically just inside the surface of
water.

Put a crystal of KMnO, in the small
bottle to make it coloured. Close
the mouth of the small bottle with
your thumb and immerse it upside
down in the water inside the jar
(Fig. 1). Fig. 1
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Cut out the neck of a large balloon and stretch it on the
mouth of the jar (Fig. 2). Secure it tightly with a thread.
Ensure that once the mouth of the jar is covered with
stretched membrane, no air leaks into the jar.

Fig. 2

Now press the stretched membrane with your palm and
observe the motion of the small bottle. Also observe the
level of water in the small bottle as it goes down. If the
small bottle does not move downwards, check that:

Fig. 3: Pressing the
membrane and the diver
going down.

64

(1) there is no air between the water
and the membrane.

(2) there is no leakage of air into
the jar.

If there is no air and air leakage,
and small bottle is still not moving
downwards, vary the pressure on the
membrane.

As you gradually increase the pressure
on the membrane, the small bottle
moves downward like a diver (Fig. 3).

Now release the pressure on the
membrane and observe the diver
moving upward (Fig. 4). As it goes up,
observe the level of water in the diver.



Fun Activity

Fig. 4:
On releasing the pressure, the diver coming up

Science behind the Activity

When the weight of water displaced by the small bottle
is smaller than the total weight of the bottle (including
water in it), it sinks.

When we press the membrane, pressure on the surface of
water increases. It forces some water into the diver, which
sinks as a result. When the pressure is released, some
water comes out from the diver and it rises up again.

CWS3N (Children With Special Needs)

The CWVI may need some verbal and physical
cues to perform the activity and to gauge about
the position of the diver in addition to the tactile
sense. The VIC may be asked to press and release
the membrane and buddy must be asked to explain
the effect.

For CWHI: No modification is required.
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WHERE WILL
THE THREAD BREAK?

"5

Number of Participants % Time Required

Entire class in the groups 15 minutes
of 4-5 students each.

Materials Required

A heavy weight about 200g (such as G.I. elbow
available at hardware stores) and thread about
3m long.

How fo Proceed?

Tie the weight in the middle of the thread. Hang the
thread with a nail fixed at a height of about 2 m.

Hold the lower end of the
thread and apply gradually
increasing downward force
till the thread breaks. At
which point did the thread
break?

Now repeat step 1 again
and pull the thread with
a jerk. Which part of the
thread breaks this time?
Why does the thread
break at different points
when the force is applied
in different ways? Fig. 1



Fun Activity

Science behind the Activity

1. When gradually increasing downward force is
applied, the upper part of the thread breaks due
to the combined effect of the force applied and the
force applied by the weight on the upper part of the
thread.

2. When we apply force with a jerk, the lower part of
thread breaks due to inertia offered by the weight.

\w CWSN (Children With Special Needs)

CWVI may perform the activity with some help from
his sighted peer. The Science behind the Activity
may be verbally explained to the CWVI.

For CWHI: No modification is required.
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MAGIC BIRD

(PUZZLING COLOURS)

Number of Participants

Y + § lime Required

Entire class 20 minutes (for

preparation and
performing the
activity)

Materials Required

Four white drawing sheets (30cm x 30cm), marble
paper (red, green and blue), sketch pen (black), a pair of
scissors, glue and sticking tape.

How to Proceed?

Cut the shape of a bird, from each of the three
coloured marble papers.

Paste each shape on a white drawing sheet with the
help of glue.

Draw a small black eye for each bird with the black
sketch pen.

Paste the drawing sheets with different coloured
birds on a wall at your eye level.

Paste the white drawing sheet on the wall near the
drawing sheets with birds as shown in the figure.
You can draw a bird cage or a tree or a window on
this sheet.

Stare at the eye of the red bird for about 30 seconds.
Then quickly shift your eyes to the white sheet (bird
cage or tree). What do you observe? You may see a
cyan (bluish green) bird on the white sheet.



Fun Activity

Now repeat the above process staring at the
green bird. This time you may see a magenta
(reddish-blue) bird on the white sheet.

Finally, stare at the blue bird. What do you
observe this time? You may see yellow bird on the
white sheet.

Science behind the Activity

The bird that you see on the white sheet is called the
after-image. An afterimage is an image that stays with
you even after you have stopped looking at the object.
Your retina is lined with light-sensitive cells called rods
and cones. Cones are sensitive to coloured light. Each
of the three types of cones is sensitive to a particular
range of colour.

When you stare at the red bird, the image falls on your
retina. The red sensitive cells start to grow tired and
stop responding to red light. The white drawing sheet
reflects red, blue and green light to your eyes as white
colour consists of these three primary colours. When
you suddenly shift your eyes to white board, the fatigued
red-sensitive cells do not respond to the reflected red
light. However, the blue-sensitive and green-sensitive
cones respond strongly to the reflected blue and green
light. As a result you see a bluish-green (cyan) bird.
When you stare at the green bird, your green sensitive
cells become fatigued and this time you see a reddish-
blue (magenta) bird on the white drawing sheet.
Similarly, when you stare at the blue bird you see red
and green light which you see as yellow colour.

You can use bright coloured stickers or different coloured papers
from stationary shop and observe the colour of afterimage.



Understanding Science through Activities, Games, Toys and Art Forms (Secondary Stage)

CWSN (Children With Special Needs)

For CWVI: (Purely visual activity) The Science behind
the Activity written in Braille script may be provided
to the child to facilitate the understanding to the
concept.

For CWHI: No modification is required.

0.
o
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CoLLoIDS

COLLOIDAL PARTNERS

w Number of Participants
—

Entire class is divided in
teams of six students each.

Material Required
A
S

Chart paper, marker, pens, placards displaying names
of colloids.

0 How to Play?

Facilitator will prepare chart and placards of
examples, as shown below, with the help of students.
This chart will be displayed during the game.

e Time Required

30 minutes

Dispersed Dispersing Examples
Phase Medium
Liquid Gas Fog, cloud, mist
Solid Gas Smoke, automobile exhaust
Gas Liquid Shaving foam
Liquid Liquid Milk, moisturiser
Solid Liquid Mud, milk of magnesia
Gas Solid Foam, sponge, pumice stone
Liquid Solid Jelly, cheese, butter
Solid Solid Coloured gemstone, milky glass

Each team will prepare six chestees (cards to be worn
or pasted on chest) with a sheet of paper (preferably
thick one) and write one of the following phrases on
each. These names can also be written in Braille,
and matching pictures may also be pasted.



Games

Dispersed phase — solid
Dispersed phase — liquid
Dispersed phase — gas
Dispersing medium - solid
Dispersing medium - liquid
Dispersing medium - gas

Two students will note the time taken by each team
and score awarded.

At the start of the game, two teams wearing their
chestees comes forward and stands facing each
other as shown in the figure.

Now, the facilitator will show a placard on which
the name of a colloid is written, say fog.

As soon as the two teams see
the placard, the students wearing
the specific chestees of the states
of dispersed phase and dispersing
medium from each team will move
towards the facilitator. In this
case, liquid as dispersed phase
and gas as dispersing medium
are supposed to move.

The facilitator will check the
answer.

Ten marks will be awarded to
the teamreachingfirst with correct
answer. Five markswillbeawarded
to the team coming later with
correct answer.

The winner among the two
teams will now play with the next

Team A Team B t€amM in the same manner.

Fig. 1: Layout of the play area
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Points for Discussion

The Facilitator will discuss that the components of
a colloided solution are the dispersed phase in the
dispersion medium. The solute-like component or the
dispersed particles in a colloid form the dispersed phase,
and the component in which the dispersed phase is
suspended is known as the dispersing medium.

Science behind the Game

When a substance (dispersed phase) is dispersed in
another substance (dispersion medium) a colloid is
formed. The type of colloid will depend on the states
(solid, liquid or gas) of the dispersed phase and
dispersion medium.

EXTENSION OF THE GAME

More examples can be included in next rounds.

ﬂ‘\“‘& CWS3N (Children With Special Needs)

A

CWVI may need a peer to move towards the
facilitator. The child may be provided with the chart
in the Braille script.

For CWHI: No modification is required.




TIC, TAC, TOE

"5

Number of Participants % Time Required

Entire class 30 minutes

& Material Required

Chalk, marker pen and black board.

How to Play?

The facilitator will draw fig.1 on the board.

Na’

Fig. 1 Fig. 2

The facilitator will divide the class in two teams.

The team getting the first chance by a toss will
send one of its member to the board who will write

symbol of an ion in any one of the boxes (Fig. 2).

Now a member of the other team will go to the
board and write symbol of another ion in one of the

boxes (Fig.3).



Understanding Science through Activities, Games, Toys and Art Forms (Secondary Stage)

The aim of each team
is to make a vertical,
horizontal or diagonal .
sequence of three cations Na
or three anions.

Each team will try to
prevent the opposite team
from doing so.

The team which succeeds in Cl
writing a correct sequence
(horizontal, vertical or
diagonal) will be declared Fig. 3
winner (Fig. 4). A correct
sequence implies that the
symbols and their charges

are correct.
A’ NO”| Na’
N
+ 2-
\\K \S
Cl Mg™

Fig.4
Science behind the Game

For the convenience of writing the formulae of
compounds and representing chemical equations,
universally accepted symbols of elements are used. The
game helps students to learn and remember the names
and symbols of elements along with their valency.

"Qh
R4
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Games

EXTENSION OF THE GAME

This game can also be played by using the following combinations:
I. Elements in the various groups of the periodic table
II. Singly charged cations and anions
III. Doubly charged cations and anions
IV. Alkali metals and alkaline earth metals

V. Halogens and noble gases

F d

IVI CWSN (Children With Special Needs)

CWVIshould either be given a peer to tell the symbols
of cations and anions that have been written on
the board, or the symbols should alternatively be
written in Braille too so that the child can place
them in the desired column. Board should be made
tactile with columns where pre-prepared chits can
be affixed.

For CWHI: No modification is required.



Number of Participants

MOLE LUDO

Y + ¥ lime Required

Eight students 30 minutes

Paper/Chart paper, dice, tokens and cardboard sheets.

How to Play?

Game is to be played in the classroom.

Facilitator is required to paste Sheet 1 (reference
board) and Ludo Game Sheet 2 (Figure 1&2)on
cardboard to prepare Game Board. Sheets may also
be made either tactile or in Braille for CWVI.

Facilitator can make two to four teams with two
members in each team.

Each team will select one section of the game board
to place their tokens.

A player of a team rolls the dice and the number the
person gets, corresponds to the number of particles.
The second player of the team will roll the dice and
the number will determine the food item assigned to
the team. Likewise, all teams will roll the dice and
proceed to game board.

Rules of the game

1.

2.

A player of the team must roll six or one on the dice
to move the token to start the Ludo board game.

The team has to take a compulsory halt at block
seven and block 12; it cannot jump over it.



Games

3. On answering correctly at block seven (see example)
the team will get a chance to throw the dice to move
forward. Similar condition applies at block 12

4. In case of incorrect answer to either of the block seven
or block 12, team will go back and start afresh.

5. If the number on dice exceeds the exact number
required to reach block seven or block 12, the player
looses that turn.

6. To move from block 12 to ‘house’, the team must get 1
on the dice.

7. The team whose token reaches the house first is the
winner. Other teams will continue till their token
reaches the house.

For Example

Suppose on rolling dice, number two comes on the dice,
then number of particles will be 3.011x 1023 (block (2),
sheet 1).

In the next step, suppose dice turns out number three, the
choice of food will be citric acid in lemon juice (block three,
sheet two).

On reaching block seven, the team will calculate the
number of moles of citric acid using formula mentioned in
Step 3 on sheet 1.

given number of particles

Number of mole (n)=
Avagadro's number

23
Number of mole (n)= 3.011 x10% _

1
6.022 x 10 2

1
Number of mole (n)= 5

On reaching Block 12, the team has to calculate the mass
(g) of citric acid according to formula in Step 4 (sheet 1)
to score House.

Molar mass of citric acid (C,H,O,)= 192 g
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1

Mass of citric acid = 2 x 192

=96 g
Data
Molar mass of glucose (C.H,,0.)= 180 g
Molar mass of (lactic acid (C,H,O,)= 90 g
Molar mass of sucrose/lactose (C,,H,,0, )= 342 g
Molar mass of water ( H,0)= 18 g

Molar mass of citric acid C.H,0,=192 g
Avogadro’s Number= 6.022 x 1023

Points for Discussion

Difference between atomic mass and molar mass.

Avogadro’s number, relation between number of
moles and number of particles.

Science behind the Game

Children will be able to understand concepts of mole,
molecular mass and atomic mass.

V CWSN (Children With Special Needs)

For CWVI: Both the board & dice must be made
tactile with proper Braille labeling. CWVI should be
asked to bring his Taylor Frame for mathematical
calculations.

For CWHI: No modification is required.



Games

©)

6.022x10"

12.044x10™
@)

3.011x10"
@

Number of particles

Step 1

Step 4

Sheet 1 B (5) Juice (4)

Glucose Milk Mango

ie = =
o -
Molar mass of | Molar mass of | Molar mass of
Glucose 180g | Lactose 3428 | Sucrose 340g

Lemon Juice Curd Water
@) @ 1)
- -

Numberof partcles(stepl) __N_

Number of Moles =
Avogadro's Number N,

(n)

Step 3

& = =
Molar mass of Molar mass of Molar mass of
Citric acid 192g | Lactic acid 90g Water 18g

Fig. 1 (Sheet 1)

Fig. 2 (Sheet 2)
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Fig. 3

1o
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FROM SEED TO SEED

w Number of Participants
—

2-4 players

C@& Material Required
W

_—

Game board, dice, tokens of different colours.

How to Play?

Players will be given tokens of different colours
and dice to play the game. Every player would own
token of different colour.

Start the game by rolling the dice. Players will
move forward over the board using token as per the
number displayed on the dice.

More than one player cannot occupy the same
square at a time. Incase the other player while
rolling the dice reaches the same square, will put
the token in the square replacing the token of the
existing player and sending it back to start position.

Player who reaches first to the exit point will be the
winner of the game.

Points for Discussion

Discussions can be based on following concepts:

Types of Angiosperms on the basis of number of
cotyledons present in the seed.

Hint: Dicots and Monocots with suitable examples.
Differentiation between Monocots and Dicots.
What are the various parts of a typical lower?
What is the role of the following parts of a lower?
a) Sepals b) Petals c¢) Stamen d) Pistil
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What is Pollination? Give some examples of mode of
pollination.

How is self-pollination different from cross pollination?
What is fertilisation? Where does it take place?

What changes take place in the pistil of flower after
fertilisation?

Science behind the Game

Biological life cycle is the sequence of life stages that an
organism undergoes from birth to generation of offspring
capable of going through the same stages.

EXTENSION OF THE GAME

Such type of board game can be prepared for lifecycle of monocot
plants also.

Contents of the boxes in the board game
Box No.

Content

START

I am a dicot seed

Rough and tough seed coat I need

To protect the tiny embryo within me.

Come join me in my life’s journey!

Water, temperature, air
Are my friends for

Germinating me bright (healthy).
Food from cotyledons
Happens to be my first diet.

You brought me luck
Jump straight to number 5.
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Contents of the boxes in the board game 85

4 Lack of water
Has made me dry
So go back to ‘START’
Coz you made me cry ¢
S I was once a seed
And now I have germinated
This world is so beautiful
I am happy and elated ©

6 At Box no.12 you have to STOP whether in one turn
or more Get required ‘dots’ on top (of the dice).

7 I grew from a dicot seed
To become a dicot plant.
You now get an extra chance.
That reward I grant !

8 —

9 Tap tap tap
I have a Tap root
Difficult to uproot.

10 e

11 You are now at
The 11™ station.
With net-like veins in leaves,
Called Reticulate venation.

12 Beautiful flowers on my To go on further you can
tender branches have your say self or
Now go to box 15— cross pollination choose
You have great chances your way!!!

13 e

14 Cross Pollination Self Pollination

Pollen travels from the Wind, water or insect,
platform of anther I may not need
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Contents of the boxes in the board game

15

16

17
18

19

20

21
22

23

To reach the stigma Within the flower

station I can breed
Via wind, water or insect

The process is
pollination.

Note: Figures of both self and cross pollination in
box 15 only.

No water, no insect, You don’t have to wait

no air for external agent
Oh! Go back to 12 and sit You can pollinate
on the chair yourself. You are
Take a second thought.  brilliant

Jump to 20

Cross pollination allows
more diversity.

Oh! it is such a reason for

gaiety

Jump to 21

—————— Inbreeding causes less
vigour.
Go back to 12 and take a
second thought

Hurrah!

I am done with pollination,
Now ready for fertilisation!!!

Go back to Box no. 15

Pollen tube has not reached the ovule
But next time if you stop at 22

You may easily through.
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Contents of the boxes in the board game

24

25
26
27

28
29
30
31

32
33

From stigma through style

Pollen tube carries male germ cell
Which reaches the ovule in the ovary
And fuses with the female germ cell.

Voila !!!

Fertilisation done to form a zygote
Which will grow into an embryo.
So, to box number 29

You may kindly now go ©®

My petals and sepals

Have dried and withered.

But the embryo will grow into a new plant
Wow ! How absolutely wizard!!!

I am now a fruit,

Tasty and mature

With a new plant in my seed,
My future is now secure!!!

v CWSN (Children With Special Needs)

For CWVI: The board has to be made tactile with
Braille labeling. Numbers in the dice too should be
in Braille.

For CWHI : No modification is required.
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SEVEN MUSICAL CHAIRS

w Number of Participants
—

Entire class

Y + § Jime Required

30 minutes

C@& Material Required

11 Chairs, cardboard sheets, marker/pen, thread/
safety pins, a pair of scissors, musical instrument.

How to Play?

Cut 27 pieces of cardboard.

Write symbols of elements on 30 cards such as K,
Na, Mg, Ca, Al, Cl, I, Br, P, H, S, O, N, He, N.

Write valence number on other 28 cards. Four sets
of seven valencies +1, +2, +3, 0, -1, -2, -3.

Tie the card to the players on which the symbol
of element is written. Thus each player will act as
element.

Tie the card with the valence number to the twelve
chairs arranged in a circle (Fig. 1).

®

To start the game the music will be switched on.

®

The players will move around the chairs in one
direction till the music is on.

As soon as the music stops, the players will have
to occupy the chairs with valency corresponding to
the element they represent. Since chairs are fewer
than the number of players, a few players will be left
without chairs and will be out of the game.

The players who will occupy wrong chairs will also
be out.
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Fig. 1: Squares are representing chairs and
small circle are representing students

In the next round, one chair less than the number of
left players are arranged.

Facilitator, while removing chairs should ensure that
at least one chair depicting valency corresponding to
elements held by the players remains in the circle.

The game will continue till the last seven players for
whom there is at least one chair to occupy.

The game can be repeated with a new set of children.

Points for Discussion

The facilitator may discuss the symbols of elements,
their valency and formation of ions i.e., cations or
anions with the players after playing this game.

Science behind the Game

An ion is a charged species and can have a positive
or negative charge. A positively charged ion is called a
cation, such as Na*, Mg?*, Al** etc. Similarly, a negatively
charged ion is called an anion, such as Cl, S*, N3 etc.

91




Understanding Science through Activities, Games, Toys and Art Forms (Secondary Stage)

EXTENSION OF THE GAME

After understanding the correct representation of ions, this game
can be played to understand formation of compounds.

CWSN (Children With Special Needs)

For the convenience of Visually Impaired players and
Hearing Impaired players, make signs with hands
when the music begins and stops. Visually Impaired
Children should be assisted by other children to
take them to the desired chair bearing the card with
correct valence number.

1o
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Number of Participants

BET YOU CAN'T LIFT

THE COINS

Y + » lime Required

Entire class, divided 30 minutes

in teams of 5-6
students each.

A bucket (38-45cm high), a one/five rupee coin
and water.

How to Play?

Fill the bucket with water and place a one or five
rupee coin at the centre of its bottom. Mark the
level of water in the bucket.

In the first round one student from each team will
be asked to pick up the coin in one attempt without
groping for it.

If the student succeeds in picking the coin, the
team gets two points.

After each attempt the water in the bucket must be
brought to the same level as before. Set the coin at
the centre as before.

Another student from each team will try to pick up
the coin in subsequent rounds till each student in
all the groups has tried.

The team that collects maximum points wins
the game.
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Science behind the Game

The coin under water appears to be at a slightly smaller
depth than it actually is due to refraction of light from
water to air. If viewed from the side, the coin may also
appear displaced sideways due to refraction. Most of the
students are likely to aim at the apparent position of the
coin and may fail to lift it.

Apparent
position

Real position

Fig. 1

-

v CWSN (Children With Special Needs)

CWVI may not be able to do it because it is purely
visual activity. The above figure may be made tactile
to facilitate the understanding of the concept behind
this activity.

For CWHI: No modifications are required.

'th
o
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RUSH TO THE ORBIT

w Number of Participants
—

Entire class

& Material Required
A

T

'fe‘ Time Required

30 minutes

Chalk or quicklime powder (choona), chart paper.

' How fo Play?

Play this game in an open space.

" Nucleus
\ :
L
|

Fig. 1

Draw six circles as shown in
the figure with chalk powder
or with tactile circumference
to facilitate participation of
children with visualimpairment
(CWVI).

Familiarise the CWVI before-
hand with the play arrangement
or figure for their active
participation.

Prepare 20 placards with
‘electron’ written on them.
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