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Let us know how to use QR codes

In this textbook, you will see many printed QR (Quick Response) codes, such as 

Use your mobile phone or tablet or computer to see interesting lessons, videos, documents, etc. linked to the QR code.

Energized Text Books facilitate the students in understanding the concepts clearly, accurately and effectively.
Content in the QR Codes can be read with the help of any smart phone or can as well be presented on the Screen with
LCD projector/K-Yan projector. The content in the QR Codes is mostly in the form of videos, animations and slides,
and is an additional information to what is already there in the text books.

This additional content will help the students understand the concepts clearly and will also help the teachers in
making their interaction with the students more meaningful.

At the end of each chapter, questions are provided in a separate QR Code which can assess the level of learning
outcomes achieved by the students.

We expect the students and the teachers to use the content available in the QR Codes optimally and make their
class room interaction more enjoyable and educative.

Step                                                          Description

 A. Use  Android mobile phone or tablet to view content linked to QR Code:

 1. Click on Play Store on your mobile/ tablet.

 2. In the search bar type DIKSHA.

 3.

will appear on your screen.

 4. Click Install

 5. After successful download and installation, Click Open

 6. Choose your prefered Language - Click English

 7. Click Continue

 8. Select Student/ Teacher (as the case may be) and Click on Continue

 9. On the top right, click on the QR code scanner icon  and scan a QR code

 printed in your book

OR

Click on the search icon  and type the code printed below the QR code, in the search

bar. (      )

 10. A list of linked topics is displayed

 11. Click on any link to view the desired content

 B. Use Computer to view content linked to QR code:

 1. Go to https://diksha.gov.in/telangana

 2. Click on Explore DIKSHA-TELANGANA

 3. Enter the code printed below the QR code in the browser search bar  (      )

 4. A list of linked topics is displayed

 5. Click on any link to view the desired content
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NATIONAL   ANTHEM

Jana-gana-mana-adhinayaka, jaya he

Bharata-bhagya-vidhata.

Punjab-Sindh-Gujarat-Maratha

Dravida-Utkala-Banga

Vindhya-Himachala-Yamuna-Ganga

Uchchhala-jaladhi-taranga.

Tava shubha name jage,

Tava shubha asisa mage,

Gahe tava jaya gatha,

Jana-gana-mangala-dayaka jaya he

Bharata-bhagya-vidhata.

Jaya he!  jaya he!  jaya he!

Jaya jaya jaya, jaya he!!

- Rabindranath Tagore

PLEDGE

“India is my country; all Indians are my brothers and sisters.

I love my country, and I am proud of its rich and varied heritage.

I shall always strive to be worthy of it.

I shall give my parents, teachers and all elders respect,

and treat everyone with courtesy. I shall be kind to animals.

To my country and my people, I pledge my devotion.

In their well-being and prosperity alone lies my happiness.”

- Pydimarri Venkata Subba Rao
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 THE CONSTITUTION OF  INDIA

Preamble

WE, THE PEOPLE OF INDIA, having

solemnly resolved to constitute India into a

SOVEREIGN SOCIALIST SECULAR

DEMOCRATIC REPUBLIC and to secure to

all its citizens:

JUSTICE, social, economic and political;

LIBERTY of thought, expression, belief,

faith and worship;

EQUALITY of status and of  opportunity;

and to promote among them all

FRATERNITY assuring the dignity of the

individual and the unity and integrity of the

Nation;

IN OUR CONSTITUENT ASSEMBLY

this twenty-sixth day of November, 1949 do

HEREBY ADOPT, ENACT AND GIVE TO

OURSELVES THIS CONSTITUTION.S
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Foreword

The nature is life source for all living organisms.Though it usually appears simple and

normal, the intricacies of the very nature often challenges us to untie the tough knots of its

hidden secrets, day in and day out. That is why, Galileo Galilei, the Italian astronomer,emphasized

that scientific learning is nothing but improving the ability of questioning. The classroom teaching

of science must be in such a way that it  encourages children to think and work scientifically.

This textbook designed to help students achieve Science Education objectives such as

scientific perspective, scientific attitude, the ability to develop scientific process skills, the using

principles, theories, rules and functional relatinships. Based on the recommendations of National

Curriculum Framework - 2005, Right to Education Act - 2009, and Curriculum Framework

Document - 2011, the curriculum provides students with experiential learning to enhance their

learning.

Textbooks are designed to achieve the desired learning outcomes. Teachers should

devise suitable teaching strategies to enchance the expected learning outcomes in children by

the end of the class. A move away from rote learning approaches is necessary for the effective

implementation of continuous comprehensive assessment. Teachers need to be aware of the

methods needed to evaluate children’s progress through formative and summative methods. It

is very useful for teachers and students that textbooks not provide content but also reflect

teaching methods and assessment methods.

With an intention to help the student’s to improve their understanding skills in both the

languages i.e. English and Telugu, the Government of Telangana has redesigned this book as

bilingual textbook in two parts. Part - I comprises 1 to 6 lessons and Part -II comprises 6 to 12

lessons.

This book has been energized with QR (Quick Response) codes to facilitate the students

in understanding the concepts clearly.

We thank the Vidya Bhawan Society, Rajasthan, College of Engineering Osmania

University and ELTC, DIET Hyderabad for their cooperation in developing these new text

books. Our special thanks to Faculty of School of Education Tata Institute of Social Sciences

(TISS), Hyderabad and Communication Officer, CETE, TISS-Mumbai and Designers identified

by SCERT for their technical support in redesigning of the textbooks. The writers for preparing

the lessons,  the editors for checking the textual matters and the DTP group for cutely composing

the text book.

         Director,

SCERT, Hyderabad
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1 Matter Around us Government's Gift for Students' Progress

The word "matter" has very specific

meaning in science. Let us try to understand

the concept of matter.

You have learnt about metals, non-

metals; synthetic and natural fibres, acids

and bases etc., in previous classes. These are

all examples of matter. All the things around

us which exist in a variety of shapes, sizes

and texture are   also examples of ‘matter’.

The water we drink,  our food, clothes

and various things that we use in our day to

day life, the air we breathe, even our body

etc., are examples of matter.

What is matter?

Anything in this world that occupies

space and has mass is considered as matter.

1.1 States of matter

In previous classes, you had learnt that

water can exist as a solid (ice),  a liquid or

as a gas (water vapour).We say that solid

liquid and gas are three different states of

matter. Water can be found in all these

states.

· Is there any substance which can be

found in three states like water?

Chapter

1 MATTER AROUND US

Now  look carefully at different objects

around you. You can classify  them,  into

one of the three states of matter.

For example, you can say that wood and

coal are solids and petrol is a liquid.

Milk is also a liquid like petrol. But the

properties of petrol and milk are quite

different from each other.

· What are the properties that lead us to

consider petrol or milk as liquids?

Let us do some activities to understand

the properties of solids, liquids and gases.

1.2 Properties of solids, liquids
and gases

Shape and volume

· Do solids have definite shape and fixed

volume?

Take two solid objects, say a pen and a

book, and put them in different containers.

Do you find any change in their shape or

volume?

You might have seen a wide range of

solids in your surroundings.
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2eTq #áT³Ö¼ �+&û |�<�sÁ�+$<�«sÁT�\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

$C²ãq Xæg+ýË »»|�<�sÁ�+µµ nHû |�<��¿ì
�]�w�¼yîT®q nsÁ�+ �+~. � uó²eqqT �|�ð&�T eTq+
nsÁ�+ #ûd�T¿Ãe&��¿ì ç|�jáTÔá�+ #û<�Ý+.

MTsÁT ýËV�ä\T`nýËV�ä\TÑ d�V�²È <�s�\T`
¿£�çÜeT <�s�\T, �eÖ¢\T` ¿�±s�\T yîTT<�ýÉÕq y�{ì
>·T]+º  >·Ôá ÔásÁ>·ÔáT\ýË Ôî\Td�T¿=H��sÁT. �eú�
|�<�s��\Å£� �<�V�²sÁD\T. eTq #áT³Ö¼ $$<ó�
�¿±s�\T, |�]eÖD²\T, neT]¿£\T ¿£*ÐjáTTq�
ed�TïeÚ\ú� Å£L&� |�<�s��\Å£� �<�V�²sÁD\T.

eTq+ Ô�¹> úsÁT, ÜHû �V�äsÁ+ ný²¹> <ó�]+#û
�³¼\T eT]jáTT eTq sÃEy�] ¿±sÁ«ç¿£eÖ\ýË
�|�jîÖÐ+#û $$<ó� ed�TïeÚ\T, eTq+ |ÓýñÌ >±*,
ºes ÁÅ £ � eTq X ø¯s Á+ n�� | �<�s� �\Å £ �
�<�V�²sÁD\T.

|�<�sÁ�+ n+fñ @$T{ì?

kÍ<ó�sÁD+>± ¿=+Ôá ç<�e«s�¥ ¿£*Ð �+&�
d��ý²�� �ç¿£$T+#û <û�HîÕH� |�<�sÁ�+>± #î|�Îe#áTÌ.

1.1 |�<�sÁ� d¾�ÔáT\T (States of matter)

úsÁT |��Tq (eT+#áT), ç<�e, y�jáTT (ú{ì �$])
d¾�ÔáT\ýË �+³T+<�� MTsÁT >·Ôá ÔásÁ>·ÔáT\ýË
HûsÁTÌÅ£�H��sÁT. |��Tq, ç<�e, y�jáTT d¾�ÔáT\qT |�<�sÁ�+
jîTT¿£Ø eTÖ&�T $_óq�  d¾�ÔáT\� #î�TÔ�+. �
eTÖ&�T d¾�ÔáT\ýË úsÁT \_ód�Tï+~.

ú{ì eýÉ � eTÖ&�T d¾�Ô áT\ýË \_ó+#û
|�<�s��ýñyîT®H� �H��jáÖ?

MT #áT³Ö¼ �q� $$<ó� sÁ¿±\ ed�TïeÚ\qT
C²ç>·Ôáï>± |�]o*+#á+&�. M³��+{ì� d�T\TeÚ>±
|�<�sÁ�|�Ú eTÖ&�T d¾�Ô áT\ýË @<Ã ÿ¿£<��>±
e Z̄¿£]+#áe#áTÌ.

�<�V�²sÁDÅ£� ¿£çsÁ, u¤>·TZ\T |��Tq d¾�ÜýË
�+fñ, �|ç{ËýÙ ç<�ed¾�ÜýË �+³T+~.

bÍ\T Å£L&� �|ç{ËýÙ ý²>±Hû ç<�eyîT®q|�Î{ì¿¡.
�|ç{ËýÙ, bÍ\  <ó�s��\T |�sÁd�ÎsÁ+ _óq�+>± �+{²sTT.

�|ç{ËýÙ, bÍ\qT @ <ó�s��\ �<ó�sÁ+>± ç<�y�\T>±
|�]>·DìkÍï+?

 |��Tq, ç<�e, y�jáTTeÚ\ <ó�s��\qT nsÁ�+
#ûd�T¿Ãe&��¿ì �|�ð&�T eTq+ ¿=�� ¿£�Ô�«\T
#û<�Ý+.

1.2 |��Tq, ç<�e, y�jáTT |�<�s��\ <ó�s��\T

�¿±sÁ+ eT]jáTT |��Tq|�]eÖD+

|� � Tq |�<�s� �\Å £� �]Ýw � ¼y î T ®q �¿±s Á+,
|��Tq|�]eÖD+ �+³T+<�?

ÿ¿£ �|qT�, |�Úd�ï¿£+ e+{ì Âs+&�T ed�TïeÚ\T
rd�T¿=� y�{ì� $$<ó� bÍçÔá\ýË �|{ì¼q|�Ú&�T y�{ì
�¿±s�\ýË >±�, |��Tq|�]eÖD²\ýË >±� @yîT®H�
eÖsÁTÎ\qT MTsÁT >·eT�+#�s�?

MTsÁT MT |�]d�s�\ýË mHÃ� sÁ¿±\ |��Tq
|�<�s��\qT #áÖd¾ �+{²sÁT.

n<ó�«jáT+
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3 Matter Around us Government's Gift for Students' Progress

· What is the shape of the water in

different containers?

· Is the shape of water same or different

in all the above cases?

· What shape does water take if it spills

on the floor?

Take 50ml of water with the measuring

jar and pour it in a tumbler. Mark the level

of water on the tumbler and remove water

from it. Now measure 50 ml of the milk

with the measuring jar and pour it in the

same tumbler. Mark the level of the milk

on it.

· Are the levels of water and milk same?

Remove the milk from the tumbler. Now

pour oil into it up to the level marked for water.

· Can you guess the volume of  oil?

This activity may seem very simple but

we observe two important properties of

liquids from this activity.

  1) The shape of the liquid depends on the

shape of the container.

 2) Though liquid takes different shapes

depending on the shape of the container

its volume remains same.

Liquids can flow easily. Hence, they are

also called "fluids".

Look into in a dictionary of science to

get the meaning of fluid.

You may find that gases have no fixed

shape like liquids. Gases also flow like

liquids. Hence both gases and liquids are

called fluids. Then what are the differences

between liquids and gases?

Imagine dropping a book or a pen on

the floor. It does not flow like liquids but

remains rigid with a definite shape, distinct

boundaries and a fixed volume. This shows

that solids have a definite shape and a fixed

volume.

Activity-1

Identifying the shape and volume of

liquids

For doing this activity, we need a

measuring jar (cylinder) and containers of

different shapes as shown in fig.--1.

Note: It is not compulsory to collect

same containers as shown in fig.- 1. You

can collect the containers of different

shapes available to you.  We also need some

liquids like water oil and milk.

Take some water in one of the

containers using the measuring jar.

Examine the shape of water in the

container. Pour the same water in another

container and have a look at the shape, again.

Repeat the process till you complete

pouring of water in all containers.

Fig -1: Different shaped containers having

liquid of same volume
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�|qT�, |�Úd�ï¿£+ e+{ì ed�TïeÚ\qT Hû\�|Õ
C²sÁ $&�#�eTqT¿Ã+&�. n$ ç<�y�\ eýÉ
ç|�eV¾²+#áeÚ, ¿±�  y�{ì �¿±sÁ+, |��Tq|�]eÖD+
d¾�sÁ+>± �+{²sTT. B�� �{ì¼ |��Tq |�<�s��\T
�]Ýw�¼yîT®q �¿±s���, |��Tq|�]eÖD²�� ¿£*Ð
�+{²jáT� #î|�Îe#áTÌ.

¿£�Ôá«+ ` 1
ç<�y�\ �¿±sÁ, |��Tq|�]eÖD²\qT >·T]ï+#á&�+

� ¿£�Ôá«+ �sÁÇV¾²+#á&��¿ì ÿ¿£ d�Ö�bÍ¿±sÁ
¿=\C²&� eT]jáTT |�³+`1 ýË #áÖ|¾q $<ó�+>±
$$<ó� �¿±s�\T ¿£*Ðq bÍçÔá\T ¿±y�*.

|�³+`1: $$<ó� �¿±sÁ+ >·\ bÍçÔá\ýË ÿ¹¿
|��Tq|�]eÖD+ >·\ ç<�e+

>·eT�¿£ : |�³+`1ýË #áÖ|¾q �¿±s�\Tq� bÍçÔá
\Hû rd�T¿Ãy�*àq ned�s Á+ ýñ< �T. MTÅ £�
n+<�Tu²³TýË �q� $$<ó� �¿±s�\T >·\ @ bÍçÔá\
HîÕH� rd�T¿Ãe#áTÌ. úsÁT, bÍ\T eT]jáTT qÖHî e+{ì
ç<�y�\qT Å£L&� rd�T¿Ãy�*.

MTsÁT �d¿£]+ºq @<Ã ÿ¿£ bÍçÔáýË¿ì ¿=+Ôá
ú{ì� ¿=\C²&� d�V�äjáT+ÔÃ rd�T¿Ã+&�. � ú{ì
�¿±s��� |�]o*+#á+&�. n<û ú{ì� eTs=¿£ bÍçÔáýË
bþjáT+&�. n|�ð&�T ú{ì �¿±sÁ+ýË eºÌq eÖsÁTÎqT
>·eT�+#á+&�. �<û$<ó�+>± � ú{ì� $TÐ*q n��
bÍçÔá\ýË�¿ì eÖsÁTd�Öï ú{ì �¿±s�ýË¢ e#ûÌ
eÖsÁTÎ\qT |�]o*+#á+&�.

$$<ó� bÍçÔá\ýË ú{ì �¿±sÁ+ mý² �+~?
�|Õ n�� d�+<�s�ÒÛ\ýË  <��  �¿±sÁ+ ÿ¹¿$<ó�+>±
�+<�?
ú{ì� Hû\�|Õ bþ�dï @ �¿±sÁ+ýË¿ì eÖsÁTÔáT+~?
¿=\C²&� d�V�äjáT+ÔÃ 50 $T.©.\ ú{ì� ÿ¿£

>±E >±¢d�TýË bþjáT+&�. >±¢d�T�|Õ ú{ì eT{²¼��
>·T]ï+º � ú{ì� Ô=\Ð+#á+&�. �|�ð&�T ¿=\C²&�ÔÃ
50 $T.©.\ bÍ\qT ¿=*º n<û >±¢d�TýË bþjáT+&�.
bÍ\eT{²¼�� >±¢d�T�|Õ >·T]ï+#á+&�.

>±¢d�TýË úsÁT, bÍ\T ÿ¹¿ mÔáTïýË �H��jáÖ?
�|�ð&�T >±¢d�TýË� bÍ\qT Ô=\Ð+º ú{ìeT³¼+

>·T]ï+ºq mÔáTï esÁÅ£� qÖHîqT �+|�+&�.
qÖHî |��Tq|�]eÖD+ m+ÔáT+³T+<Ã }V¾²+#á
>·\s�?
� ç|�jîÖ>·+ d�sÁÞø+>± ¿£�|¾+ºq|�Î{ì¿¡

ç<�y�\Å£� d�+�+~ó+ºq Âs+&�T eTTK«yîT®q <ó�s��\qT
� ¿£�Ôá«+ <�Çs� eTq+ Ôî\Td�T¿=+{²+. n$
1. ç<�y�\ jîTT¿£Ø �¿±s�\T y�{ì� ¿£*Z�q�

bÍçÔá\ �¿±s�\�|Õ �<ó�sÁ|�&� �+{²sTT.
2. ç<�y�\qT $$<ó� �¿±s�\T >·\ bÍçÔá\ýË�¿ì

eÖ]Ìq|� Ú&�T n$ yû ¹sÇs ÁT �¿±s�\qT
bõ+~q|�Î{ì¿ì y�{ì |��Tq|�]eÖD+ýË mý²+{ì
eÖsÁÖÎ �+&�<�T.
ç<�y�\T d�T\uó�+>± ç|�eV¾²kÍïsTT. n+<�Te\¢

M{ì� »ç|�y�V�Q\Tµ (fluids) n+{²s.
$C²ãq Xæçd�ï |�<�¿ÃXø+ýË »ç|�y�V¾²µ ns����

|�]o*+#á+&�.
y�jáTTeÚ\Å£�, ç<�y�\Å£�eýÉ d¾�sÁyîT®q �¿±sÁ+

�+&�<�� MTsÁT >·eT�+#áe#áÌ. y�jáTTeÚ\T ç<�y�\
eýÉ ç|�eV¾²kÍïsTT. n+<�T¿£� y�jáTTeÚ\T, ç<�y�\T
Âs+&�+{ìú »»ç|�y�V�ä\Tµµ n+{²sÁT. nsTTÔû eT]
ç<�y�\Å£�, y�jáTTeÚ\Å£� >·\ uóñ<�yûT$T?
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Activity-2

Do the gases have a definite shape and a

fixed volume ?

You might have heard about CNG

(Compressed Natural Gas). Go to a CNG

pump and ask them where they store CNG.

Also see where CNG is stored in a CNG

run vehicle. Lastly see how CNG from the

pump is transferred to vehicles.

· Does CNG have a fixed volume?

· Does CNG have a definite shape?

From the observations in the above

activity and with our daily life experiences,

we can find that CNG and all other gases

neither have a fixed shape nor fixed volume.

1.3 Compressibility

Activity-3

Observing the compressibility of

different materials

Take a 50ml syringe. Draw the piston

to suck in air. Place your finger on the

nozzle and press. Observe depth of piston

moved into syringe. Is it easy or hard to

press?

· Do you find any change in the volume

of air  in the syringe?

Now fill water in the syringe and press

the piston.

· When is it easier to press the syringe

with water or air?

Now take a piece of wood and press it

with your thumb.
Fig - 3: CNG filling station

Fig - 4: CNG tank at fuel filling station

Fig - 2: CNG cylinder in a car

Fig - 5

Fig - 2: CNG cylinder in a Car
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|�³+`4: �+¿ù e<�Ý CNG {²«+¿£sY

1.3 d�+|Ó&�«Ôá (Compressibility)

¿£�Ôá«+ ` 3
$$<ó� |�<�s��\ d�+|Ó&�«Ô� <ó�s���� |�]o*+#á&�+

50 $T.©.\ ÿ¿£ d¾sÁ+�� rd�T¿Ã+&�.
d¾sÁ+�ýË¿ì >±* yîÞâßý² |¾d�¼H�qT yîqT¿£Å£� ý²>·+&�.
H��ýÙ qT+&� >±* �jáT³Å£� s�Å£�+&� MT yû\TqT
n&�T ¦>± �+º |¾d� ¼H �qT eTT+<�TÅ£� eÔáï+&�.
d¾sÁ+�ýË�¿ì m+Ôá <�ÖsÁ+ |¾d�¼H� Hî³¼�&�+<Ã
>·eT�+#á+&�. |¾d�¼H�qT d¾sÁ+�ýË¿ì eÜïq|�Ú&�T n~
d�T\TeÚ>± yî[¢+<�? ¿£w�¼+>± yî[¢+<�?

|�³+`5
 d¾sÁ+�ýË >·\ >±* |��Tq|�]eÖD+ýË @yîT®H�
eÖsÁTÎqT >·T]ï+#�s�?
d¾sÁ+�� ú{ìÔÃ �+|¾ �<û ¿£�Ô�«�� Ü]Ð #ûjáT+&�.
d¾sÁ+� |¾d�¼H�qT H=¿£Ø&�+ m|�ð&�T d�T\TeÚ>±
�+~? n+<�TýË úsÁT �q�|�ð&�? >±*
�q�|�ð&�?
�|�Ú&�T ÿ¿£ ¿£çsÁeTT¿£ØqT rd�T¿=� <���

u¤³qyû*ÔÃ H=¿£Ø+&�.

¿£�Ôá«+ ` 2

y�jáTTeÚ\Å£� �]Ýw�¼ �¿±sÁ+, |��Tq|�]eÖD+
�+{²jáÖ ?

d�+|Ó&�Ôá d�V�²È y�jáTTeÚ (CNG) >·T]+º MTsÁT
$Hû �+{²sÁT. CNG nq>± Compressed Natural

Gas. B� >·T]+º Ôî\Td�T¿Ãe&��¿ì d�MT|�+ýË
�q� CNG  |�¾*¢+>́ �d¼w�H� (�+¿ù)Å£� yîÞøß+&�. n¿£Ø&�
CNG � mý² �\Ç #ûkÍïsÃ n&�Ð Ôî\Td�T¿Ã+&�.
ný²¹> CNG � $�jîÖÐ+#û y�V�²H�\ýË <���
m¿£Ø&� �\Ç #ûkÍïsÃ |�]o*+#á+&�. ºesÁ>± CNG

|�+|�Ú qT+&� y�V�²q+ýË¿ì <��� mý² �~© #ûkÍïsÃ
|�]o*+#á+&�.

CNG ¿ì �]Ýw�¼yîT®q |��Tq|�]eÖD+ �+³T+<�?
CNG ¿ì �]Ýw�¼yîT®q �¿±sÁ+ �+³T+<�?

|�³+`2: ¿±sYýË CNG d¾*+&�sY
�|Õ ¿£�Ôá«+ýË� |�]o\q\T, y�jáTTeÚ\Å£�

d�+�+~ó+º �Ôá«J$Ôá+ýË MTÅ£� >·\ nqTuó�y�\
�<ó�sÁ+>± CNG eT]jáTT �ÔásÁ n�� y�jáTTeÚ\T
�]Ýw�¼yîT®q |��Tq|�]eÖD²�� ¿±�, �¿±s��� ¿±�
¿£*Z�+&�e� uó²$+#�*.

|�³+`3 : CNG |�¾*¢+> ́�d¼w�H�
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· What do  you observe when you press

the wood?

· Is there any change in its volume?

From the above observations, you find

that gases are highly compressible as

compared to liquids and solids.

In our houses  liquefied petroleum gas

(LPG) is used for cooking. Now a days

CNG is used in many auotmobiles. For all

these purposes, large volume of gas is

compressed into  cylinders of small

volume to make it portable.

· Let us stretch a rubber band. Is there a

change in its shape?

· Is rubber band solid or liquid? Why?

(What will happen if the stretching is

stopped ? What will happen if the

stretching is too much?)

Take some finely powdered salt (not

crystals) and keep it in two different jars.

· Which shape does the powdered salt

take?

· Can you say that salt is a liquid on the

basis of change in its shape? Justify your

answer.

· Take a sponge. Observe its shape.

Can you compress it? Is it a soild?

Why?

Think. Is anything coming out from the

sponge when it is compressed.

· Why can't you able to compress a

wooden block?

1.4 Diffusion

Activity-4

Observing the diffusion of gases

Ask your friend to hold an unlit incense

stick and stand in one corner of the room.

Then you go and stand in the other corner.

· Can you smell anything?

Now ask your friend to light the

incense stick.

· Can you smell anything now?

When your friend lights the incense

stick, the scent in the vapour form and

smoke mixes with air and moves across the

room and reach our nose.

 In this case, smoke, vapour of scent and

air are gases and are highly mobile. This type

of motion is called diffusion.

If you spray a perfume or deodorant in

one corner of the room, it spreads soon to

all directions.

· Does the smell from  burning incense

stick and deodorant spray reach someone

on the other end at the same time?

Activity-5

Observing the diffusion of liquids

Take 250 ml round bottomed flask with

2

3
 water in it. Use a dropper and put a few

drops of blue or red ink or Potassium

permanganate (KMnO
4
)
 
solution slowly

along the side of flask.

Think and discuss
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¿£çsÁeTT¿£ØqT H=¿ìØq|�ð&�T @+ >·eT�+#�sÁT?
<��|��Tq|�]eÖD+ýË @yîT®H� eÖsÁTÎ eºÌ+<�?
�|Õ |�]o\q\ <�Çs� ç<�e, |��Tq |�<�s��\ÔÃ

bþ*Ìq|�Ú&�T y�jáTT |�<�s��\T n~ó¿£ d�+|Ó&�«ÔáqT
¿£*Ð �+{²jáT� Ôî\Td�Tï+~.

�Þø¢ýË e+³ ned�s�\Å£� LPG (Liquefied

petroleum gas ç<�M¿£�Ôá �|ç{Ë*jáT+ y�jáTTeÚ) �
$�jîÖÐkÍï+. �{¡e\ ¿±\+ýË CNG � yîÖ{²sÁT
y�V�²H�\ýË y�&�TÔáTH��+. �ý²+{ì ned�s�\Â¿Õ
mÅ£�Øe |�]eÖD+ýË �q� y�jáTTeÚqT d�+|Ó&�«+
#î+~+º  ÔáÅ£�Øe |�]eÖD+ >·\ d¾*+&�sÁ¢ýË �+|�&�+
<�Çs� y�{ì� d�T\uó�+>± rd�TÂ¿Þøß>·\T>·TÔáTH��+.

�ýËº+#á+&�̀ #á]Ì+#á+&�

sÁ�ÒsYu²+&�qT  ý²>·+&�,  <��  �¿±sÁ+
eÖ]+<�?
sÁ�ÒsYu²+&� |��Tq|�<�sÁ�eÖ ýñ¿£ ç<�e|�<�sÁ�eÖ?
m+<�TÅ£�?  (ý²>·&�+   �|¾q|�Ú&�T  @+
ÈsÁT>·TÔáT+~? ný²¹> mÅ£�Øe>± ý²Ðq|�Ú&�T
@+ ÈsÁT>·TÔáT+~?)
d�q�� bõ&�>±  �q�  �|�ðqT  ¿=+Ôá

|�]eÖD+ýË  rd�T¿=�  Âs+&�T  yû¹sÇsÁT
>±E>±¢d�T\ýË yûjáT+&�.

�|�ð @ �¿±s��� bõ+~+~?
<�� �¿±sÁ+ýË  eºÌq eÖsÁTÎ ¿±sÁD+>±
�|�ð  ç<�ed¾�ÜýË �+<�� #î|�Î>·\eÖ? MT
d�eÖ<ó�H���  d�ÂsÕq  ¿±sÁD+ÔÃ  d�eT]Æ+#á+&�.
ÿ¿£ kÍÎ+CÙ eTT¿£ØqT rd�T¿=� <�� �¿±s���

|�]o*+#á+&�.
kÍÎ+CÙqT MTsÁT n<�eT>·\s�? �~ |��Tq
|�<�sÁ�yûTH�? m+<�TÅ£�?
(kÍÎ+CÙqT n~$Tq|�Ú&�T <�� qT+&� @<îÕH�

|�<�sÁ�+ �jáT³Å£� ed�Tï+<� ? �ýËº+#á+&�)
eTq+ ¿£çsÁeTT¿£ØqT m+<�TÅ£� n<�eTýñ+?

1.4 y�«|�q+ (Diffusion)

¿£�Ôá«+ ` 4
y�jáTTeÚ\ y�«|�H��� |�]o*+#áT³
MT �d�V¾²ÔáT&�� ÿ¿£ n>·sY�Üï |�³T¼¿=� >·~ýË� ÿ¿£
eTÖ\ �\T#ÃeT� #î|�Î+&�. MTsÁT >·~ýË �+¿Ã
eTÖ\Å£� �\�&�+&�.

MTsÁT >·~ýË n|�Î{ì esÁÅ£� �q�  y�d�qýË @<îÕH�
eÖsÁTÎqT >·eT�+#�s� ?
�|� ÚÎ& �T n>·s Y�Üï� yî*Ð+#áeT� MT

�d�V¾²ÔáT�¿ì #î|�Î+&�.
�|�Ú&�T MTsÁT >·~ýË �q� y�d�qýË @<îÕH�
eÖsÁTÎqT >·T]ï+#�s� ?
n>·sY�Üï yî*Ð+#á>±Hû <��ýË� d�T>·+<�ç<�e«+

�$]>± eÖ] n>·sÁT�Üï bõ>·ÔÃ bÍ³T >±*ýË ¿£*d¾
>·~ n��yîÕ|�Úý² y�«|¾+º eTq eTTÅ£�ØqT #ûsÁTÔáT+~.

� sÁ¿£yîT®q #á\H��� y�«|�q+ n+{²+. bõ>·,
>±* y�jáTTd¾�ÜýË �H��sTT. �$ ÔáÇsÁÔáÇsÁ>±
y�«|¾+º d�Ty�d�qqT ¿£*Ð+#�sTT.

MTsÁT >·~ýË ÿ¿£ eTÖ\ nÔáïs ÁT e+{ì
d�Ty�d�q\T �#ûÌ y�jáTTeÚqT yî<�È*¢q|�Ú&�T <��
y�d�q ¿=~Ý�d|�{ìýËHû >·~ n+Ôá³ y�«|¾d�Tï+~.

n>·sY�Üï, nÔáïsÁT y�d�q\T ÿ¹¿ d�eTjáT+ýË ÿ¿£
eTÖ\ qT+&� eTs=¿£ eTÖ\Å£� #ûsÁÔ�jáÖ?

¿£�Ôá«+ ` 5

ç<�y�\ y�«|�H��� |�]o*+#áT³
250 $T.©. >ÃÞ²¿±sÁ >±E Å£��|ÎqT

rd�T¿=� <��ýË 2

3
 úsÁT �+|�+&�. ç&�|�sY

d�V�äjáT+ÔÃ Âs+&�T ýñ<� eTÖ&�T  #áT¿£Ø\ ú\+ ýñ<�
msÁT|�Ú d¾s�qT ýñ<� bõ{²w¾jáT+ |�s��+>·Hû{Ù
(KMnO

4
) ç<�eD²�� ;¿£sÁT >Ã&�\ yî+³ HîeT�~>±

ú{ìýË yûjáT+&�.
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Certain gases from atmosphere

particularly oxygen and carbon dioxide,

diffuse and dissolve in water and support

the survival of aquatic animals and plants,

Diffusion therefore is a very important

process for living things.

During respiration oxygen diffuses

from lungs into blood. Carbon dioxide

diffuses from blood into lungs.

Solids, liquids and gases diffuse into

liquids and rate of diffusion of gases is

higher than that of liquids or solids. Do all

gases have same speed of diffusion.

Diffusion of gases

Aim: To observe the speed of diffusion of

two gases.

Material required: Long glass tube with

scale, liquid Ammonia, Hydrochloric acid,

pieces of cotton, two rubber corks and pair

of tongs.

Note: Teacher should take care of handling

hydrochloric acid and prevent the children

from touching the acid.

Procedure: Take a one meter long narrow

glass tube.

Take two pieces of cotton. Soak one

in hydrochloric acid solution and another

in ammonia solution. Insert them

separately at the two ends of the tube with

the help of tongs at the same time as shown

in fig-7 and close the ends of the glass tube

with rubber cork and observe.

· What do you observe after adding the

drop of ink or Potassium

permanganate?

· You can observe that liquids also diffuse

into each other like gases

· How much time does it take the colour

to spread evenly throughout  water?

· What do you conclude from this

activity?

Activity-6

Observing the diffusion of solid

particles into liquids

Take a beaker full of water and add a

few crystals of potassium permanganate  to

it and observe the changes.

Repeat the experiment with  crystals

of copper sulphate.

· Do you observe diffusion?

· Is it faster or slower than that observed

in the activities 4 and 5?

From activities 4, 5, and 6 it is clear

that solids and liquids diffuse into liquids

and gases diffuse in to gases. Diffusion is

the movement of a liquid or gas from an

area of higher concentration to an area of

lower consentration. The particles will rise

until they are evenly distributed.

Fig - 7
HCl NH

3

Fig - 6: Diffusion of potassium

permanganate in water

Lab Activity
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|�³+`6 : ú{ìýË bþ{²w¾jáT+ |�s��+>·Hû{Ù y�«|�q+
d¾s� ýñ<� bõ{²w¾jáT+ |�s��+>·Hû{Ù _+<�TeÚ\qT
ú{ìýË yû�dï @+ È]Ð+~?
y�já TTeÚ\ýË y�«| �q+ È]Ðq³T¢>±H û
ç<�y�\ýËqÖ y�«|�q+ ÈsÁT>·TÔáT+<�� MTsÁT
>·T]ï+#áe#áTÌ.
;¿£sÁTýË�  yîTTÔáï+ ú{ìýË sÁ+>·T ¿£\e&��¿ì
m+Ôá d�eTjáT+ |�&�TÔáT+~?
� ¿£�Ôá«+ <�Çs� MT¹s+ #î|�Î>·\TZÔ�sÁT?

¿£�Ôá«+ ` 6
ç<�y�\ýË |��Tq|�<�sÁ� ¿£D²\ y�«|�q+
|�]o*+#áT³

ÿ¿£ ;¿£sÁTqT rd�T¿=� <��� |�P]ï>± ú{ìÔÃ
�+|�+&�. n+<�TýË ¿=~Ý>± bõ{²w¾jáT+ |�s��+>·Hû{Ù
d�Î{ì¿±\qT ¿£*|¾ eÖsÁTÎ\qT >·eT�+#á+&�.

�<û ç|�jîÖ>±�� ¿±|�sYd�ýñÎÛ{Ù d�Î{ì¿±\ÔÃ
#ûjáT+&�.

y�«|�q+ È]Ð+~ n~ >·eT�+#�s�?
� y�«|�q+ $T>·Ô� Âs+&�T 4, 5 ¿£�Ô�«\ÔÃ
bþ*ÌÔû yû>·+>± È]Ð+<�? ýñ¿£ HîeT�~>±
È]Ð+<�?
4, 5 eT]jáTT 6 ¿£�Ô�«\ <�Çs� |��Tq, ç<�e

|�<�s��\T ç<�y�\ýË y�«|�q+ #î+<�TÔ�jáT�, ný²¹>
y�jáTTeÚ\T y�jáTTeÚ\ýË  y�«|�q+  #î+<�TÔ�jáT�
Ôî\Td�T¿Ãe#áTÌ. ç<�e|�<�sÁ�+ ýñ<� y�jáTT|�<�sÁ�+
n~ó¿£ >±&ó�Ôá>·\ ç|�<ûXø+ qT+&� n\Î>±&ó�Ôá>·\
ç|�<ûXæ�¿ì #ûsÁ&��� y�«|�q+ n+{²sÁT. ¿£D²\T
d�eT+>± $d� ï]+#û+Ôá es ÁÅ£� � ç|� ç¿ìjáT
ÈsÁT>·TÔáT+~.

HCl NH
3

y�Ô�esÁD+ýË� �¿ìàÈH�, ¿±sÁÒH�&îÕ�Â¿Õà&� e+{ì
y�jáTTeÚ\T uó�Ö$T�|Õ çbÍDT\T, yîTT¿£Ø\¹¿ ¿±Å£�+&�
ú{ìýË J$+#û yîTT¿£Ø\T,  È+ÔáTeÚ\ eTqT>·&�Å£�
Å£L&� nÔá«ed�sÁ+. � y�jáTTeÚ\T ú{ìýË y�«|�q+
#î+<�&�+, ¿£sÁ>·&�+ e\¢ �~ kÍ<ó�«eTeÚÔáT+~.

y�«|�q+ nHû~ JeÚ\ eTqT>·&�Å£� ÿ¿£
eTTK«yîT®q eT]jáTT ned�sÁyîT®q ç|�ç¿ìjáT.

XæÇd�ç¿ìjáTýË �¿ìàÈH� }|¾]ÜÔáTï\ qT+&�
s Á¿ £ ï+ýË¿ ì y�«| �q+ #î+< �TÔ á T+~. ný² ¹>
¿±sÁÒH�&îÕ�Â¿Õà&� sÁ¿£ï+ qT+&� }|¾]ÜÔáTï\Å£� y�«|�q+
#î+<�TÔáT+~.

|��Tq, ç<�e, y�jáTT |�<�s��\ú� ç<�y�\ýË y�«|�q+
#î+<�TÔ�sTT. y�jáTTeÚ\ y�«|�q ¹s³T ç<�y�\ ýñ<�
|��TH�\ y�«|�q ¹s³T ¿£+fñ mÅ£�Øe>± �+³T+~. n��
y�jáTTeÚ\ y�«|�qyû>·+ ÿ¹¿ sÁ¿£+>± �+³T+<�?
y�jáTTeÚ\ y�«|�q yû>·+

\¿ £ � «+: Âs+& �T y�jáTTeÚ\ y�«| �q yû> ·+
|�]o*+#áT³.
¿±e\d¾q |�<�s��\T: >·T]ï+#á�&�q �dØ\T >·\
bõ&�y�{ì >±E>=³¼+, nyîÖ��jáÖ ç<�eD+,
�VÕ²ç&Ã¿Ã¢]¿ù �eT¢+, <�Ö~, Âs+&�T sÁ�ÒsÁT _sÁ&�\T,
Âs+&�T {²+>à́.

|�³+`7
>·eT�¿£: �VÕ²ç&Ã¿Ã¢]¿ù �eT¢+ �|�jîÖÐ+#û
d�+<�sÁÒÛ+ýË |¾\¢\T C²ç>·Ôáï>± �+&ûý² �bÍ<ó�«jáTT&�T
#áÖ&�*.
$<ó�q+: 1 MT³sÁT bõ&�yîÕq d�q�� >±E >=³¼+
rd�T¿Ã+&�.

Âs+&�T <�Ö~ eÚ+&�\T rd�T¿=� {²+>´à
d�V�äjáT+ÔÃ ÿ¿£ <��� nyîÖ��jáÖ ç<�eD+ýË,
Âs+&�e <��� �VÕ²ç&Ã¿Ã¢]¿ù �eT¢+ýË eTT+#á+&�.
y�{ì� ÿ¹¿kÍ] >±E>=³¼+ Âs+&�T ºesÁ¢ýË �+º
|�³+ 7ýË #áÖ|¾q $<ó�+>± _sÁ&�\ÔÃ Âs+&�T
ºesÁ\qT eTÖjáT+&�. >±E>=³¼+ ýË|�\ @+
ÈsÁT>·TÔáT+<Ã |�]o*+#á+&�.

ç|�jîÖ>·Xæ\ ¿£�Ôá«+
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Subtances absorb heat and change from

solid state to liquid state, liquid state to

gaseous state. But there are some

substances that change directly from solid

state to gaseous state and vice versa without

passing through the liquid state. We

have read about sublimation which is

one  such  change.

Solids, liquids and gases  are states of

matter but you need to think about, why are

the properties of same matter different in

different states?

· When does water change into ice and

then into vapour?

· Why do gases diffuse faster than solids

or liquids?

Scientists have tried to explain these facts

by examining the physical nature of matter.

What is matter made up of ?
All matter is made of very tiny particles.

This looks as a simple statement but it is

very difficult to explain and understand

about matter.

For this we need more details about the

particles and their arrangement inside

various forms of matter.

 Activity - 7

How small are the particles of  matter?

Take a beaker with water and add 1 or 2

crystals of potassium permanganate and

dissolve them in water.

· What colour do you observe ?

Now take out approximately 10ml of

this solution and add it to 90ml of clear

water in another beaker.

· What does happen to the colour of

water in second beaker ?

The hydrochloric acid gives off

hydrogen chloride gas and ammonia

solution gives off ammonia gas.  Both gases

react together to form a white fumes of

ammonium chloride. Observe the white

ring in the tube due to formation of

ammonium chloride.

Explain

· How did the two gases travel along the

tube?

· Which gas travelled faster?

Do this

So far you have studied some properties

that can be used to distinguish between

solids, liquids and gases. Fill the  following

table based on your knowledge.

Property Solid Liquid Gas

Shape  fixed

Volume   fixed

Compressibilty

Diffusion

1.5 Can matter change its state?
We started our discussion by recalling

that water exists in three states. You must

have seen many other materials that can

exist in different states.

For example, coconut oil is usually

liquid. But on cooling (winter season)  it

becomes solid.

Camphor is a solid but if we leave it in

the open air for some time it directly

changes to gas. You may have seen moth

balls (naphthalene) being placed in clothes.

The smell remains for some time even after

the balls disappear. This is because the moth

balls have changed from solid state to

gaseous state.
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12eTq #áT³Ö¼ �+&û |�<�sÁ�+$<�«sÁT�\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

�VÕ²ç&Ã¿Ã¢]¿ù �eT¢+, nyîÖ��jáÖ ç<�eD²\
qT+&� yî\Te&�q �$sÁT\T |�sÁd�ÎsÁ+ #ásÁ« ÈsÁT|�Ú¿=�
nyîÖ��jáT+ ¿Ã¢ÂsÕ&� @sÁÎsÁTkÍïsTT. Ôî\¢� bõ>·eýÉ
nyîÖ��jáT+ ¿Ã¢ÂsÕ&� e\jáT+ >=³¼+ýË m¿£Ø&�
@sÁÎ&�+<Ã |�]o*+#á+&�.

¿ì+~ y�{ì� $e]+#á+&�
Âs+&�T y�jáTTeÚ\T >=³¼+ >·T+&� @ $<ó�+>±
y�«|�q+ #î+<�sTT?
@ y�jáTTeÚ yû>·+>± y�«|�q+ #î+~+~?

�~ #ûjáT+&�
|��Tq, ç<�e, y�jáTT, |�<�s��\qT >·T]ï+#û $$<ó�

<ó�s��\qT >·T]+º Ôî\Td�TÅ£�H��sÁT ¿£<�! y�{ì� �<ó�sÁ+
#ûd�T¿=� ¿ì+~ |�{ì¼¿£ |�P]+#á+&�.

 <ó�sÁ�+  |��Tq+ ç<�e+  y�jáTTeÚ
 �¿±sÁ+ �]Æw�¼+
 |��Tq|�]eÖD+ �]Æw�¼+
 d�+|Ó&�«Ôá
 y�«|�q+

1.5 |�<�s��\ d¾�Ü eÖsÁTÔáT+<�?
úsÁT eTÖ&�T d¾�ÔáT\ýË �+³T+<�� eTqÅ£�

Ôî\Td�T. �ý²¹> $$<ó� d¾�ÔáT\ýË �+&û |�<�s��\qT
MTsÁT mHÃ� #áÖd¾ �+{²sÁT.

�<�V�²sÁDÅ£� ¿=�Ò] qÖHî kÍ<ó�sÁD+>±
ç<�ed¾�ÜýË �+³T+~. nsTTÔû oÔá©¿£sÁD e\¢
(#á*¿±\+ýË) n~ |��Tq d¾�ÜýË¿ì eÖsÁTÔáT+~.

¿£sÁÖÎsÁ+ |��Tq d¾�ÜýË �+³T+~. nsTTÔû <��¿ì
>±* ÔáÐýñ$<ó�+>± �+ºq|�Ú&�T HûsÁT>± n~
y�jáTTeÚ>± eÖsÁTÔáT+~. �³¼\ eT<ó�«ýË �+#û
H�|��ï©H� _Þø¢\qT #áÖ�d �+{²sÁT. n$ ¿£q�&�¿£
bþsTTH� y�{ì y�d�q n{²¢¹> �+³T+~. |��Tq
d¾�ÜýË� H�|��ï©H� >Ã°\T HûsÁT>± y�jáTTd¾�ÜýË¿ì
eÖsÁ&�+ e\¢ �ý² ÈsÁT>·TÔáT+~.

|�<�s��\T �cÍ��� ç>·V¾²+º |��Tq d¾�Ü qT+&�
ç<�e d¾�Ü¿ì, ç<�e d¾�Ü qT+&� y�jáTTd¾�Ü¿ì eÖsÁÔ�sTT.
nsTTÔû ¿=�� |�<�s��\T |��Tq d¾�Ü qT+&� HûsÁT>±
y�jáTTd¾�Ü¿ì, n<û$<ó�+>± Ü]Ð y�jáTTd¾�Ü qT+&�
|� �Tq d¾�Ü¿ì eT<ó�«ýË ç<�ed¾�Ü¿ì #ûs ÁÅ£�+&�Hû
eÖsÁÔ�sTT. �ý² eÖsÁ&��� »�ÔáÎÔáq+µ n+{²eT�
eTqÅ£� �~esÁ¹¿  Ôî\Td�T ¿£<�!

ÿ¿£ |�<�sÁ�+ |��Tq, ç<�e, y�jáTT d¾�ÔáT\ýË
@ d¾�ÜýËHîÕH� �+&=#áTÌ. nsTTÔû ÿ¹¿ |�<�sÁ�+ yû¹sÇsÁT
d¾�ÔáT\ýË eÖ]q|�ð&�T <�� <ó�s��\ýË eÖsÁTÎ
m+<�TÅ£� ed�Tï+~?

úsÁT m|�ð&�T eT+#áT>± eÖsÁTÔáT+~? m|�ð&�T
u²w�Î+>± eÖsÁTÔáT+~?
|��Tq, ç<�e |�<�s��\ ¿£H�� y�jáTTeÚ\T m+<�TÅ£�
yû>·+>± y�«|�q+ #î+<�TÔ�sTT?
Xæçd� ïyûÔá ï\T |�<�s��\ uó�Ü¿£ <ó �s��\qT

|�]o*+#á&�+ <�Çs� M{ì� $e]+#û ç|�jáTÔá�+
#ûXæsÁT.
|�<�sÁ�+ <û�ÔÃ @sÁÎ&�+~?

n�� sÁ¿±\ |�<�s��\T ºq� ºq� ¿£D²\ÔÃ
@sÁÎ&�qyû. �ý² #î|�Î&�+ #�ý² d�T\TeÚ>±
n�|¾+#áe#áTÌ. ¿±ú  |�<�sÁ�+ >·T]+º $e]+#á&�+,
nsÁ�+ #ûd�T¿Ãe&�+ ¿£w�¼yîT®q |��.

B�¿Ãd�+ eTq+ ¿£D²\Å£� d�+�+~ó+ºq eT]��
$es�\ÔÃ bÍ³T $$<ó� d¾�ÔáT\ýË �+&û |�<�sÁ�+ýË
y�{ì neT]¿£ >·T]+º Å£L&� Ôî\Td�T¿Ãy�*àq
ned�sÁ+ �+~.

¿£�Ôá«+ ` 7
|�<�sÁ�+ýË �+&û ¿£D²\T m+Ôá ºq�$?

;¿£sÁTýË úsÁT rd�T¿=�, <���|Õ ú{ì eT{²¼��
>·T]ï+#á+&�. <��¿ì 1 ýñ¿£ 2 bõ{²w¾jáT+ |�s��+>·Hû{Ù
d�ÎÛ{ì¿±\qT ¿£\|�+&�.

ú{ì sÁ+>·T mý² �+~?
�|�ð&�T � ç<�eD+ qT+&� d�TeÖsÁT 10 $T.©.

rd�T¿=�, yûs=¿£ ;¿£sÁTýË >·\ 90 $T.©. ú{ì¿ì
¿£\|�+&�.

Âs+&�e ;¿£sÁTýË� ç<�eD|�Ú sÁ+>·TýË @yîT®H�
eÖsÁTÎ �+<�?
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Again take out 10ml of this solution

and add to another 90ml of clear water.

Carryout this process 4, 5 times as shown

in fig.- 8 and observe changes in intensity

of colour of the solution.

· Is the water in the last beaker still coloured?

· How is it possible for two small

crystals of potassium permanganate to

colour a large volume of water?

· What do you understand from this activity?

Repeat the activity by taking a few

crystals of copper sulphate instead of

potassium permanganate. Observe the

change of color of water in beaker.

Several interesting conclusions can be

drawn from the above activity.

We can conclude that there must be

several tiny particles in just one crystal of

potassium permanganate, which are uniformly

distributed in  water to change its colour.

Similarly a few crystals of copper

sulphate too has several tiny particles which

are distributed in large quantity of water to

give colour. So both solid and liquids

(including water) are made up of tiny

particles.

· How do the particles of the solid

distribute in the liquid?

Let us find

Fig - 8

Activity - 8

There exists space between particles

 Take a graduated beaker and fill it

with some water and mark the water level.

Add some salt and stir it thoroughly with a

glass rod.  Observe if there is any change

in water level. Add some more salt and

stir it again.  Observe the change in the

level of water.

Fig - 9

· Does the level of water change?

· Where did the salt go?

· Can you see it in the water?

From the activities 7 & 8 we can

conclude that liquid particles in a liquid

have some space between them and the

solid particles enter in to the space

between the liquid particles on  dissolving

solid in liquid.

Recall the incense stick activity. Do

you agree that gas is also made up of tiny

particles and they have large  space between

them comparatively liquids and solids.
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|�³+`8
Ü]Ð Âs+&�e ;¿£sÁT qT+&� 10 $T.©. ç<�eD²��

rd�T¿=� <��� 90 $T.©. ú{ì¿ì ¿£\|�+&�. �ý²
4, 5 kÍsÁT¢ |�³+`8ýË #áÖ|¾q $<ó�+>± ç<�eD²��
yû¹sÇsÁT ;¿£sÁ¢ýË�¿ì eÖsÁTd�Öï ç<�eD|�Ú sÁ+>·TýË
eºÌq eÖsÁTÎqT >·eT�+#á+&�.

ºe] ;¿£s Á TýË ú{ì¿ ì �+¿± s Á+> ·T
�+<�?
Âs+&�T ºq�  bõ{²w¾jáT+ |�s��+>·Hû{Ù d�Î{ì¿±\T
�+Ôá |�]eÖD+ýË >·\ ú{ì sÁ+>·TqT mý²
eÖsÁÌ>·*>±sTT?
� ¿£�Ôá«+ <�Çs� @+ nsÁ�+ #ûd�TÅ£�H��sÁT?
�<û ¿£�Ô�«�� bõ{²w¾jáT+ |�s��+>·Hû{ÙÅ£�

�<�T\T>± ¿±|�sY d�ýñÎÛ³T d�Î{ì¿±\T  rd�T¿=� Ü]Ð
�sÁÇV¾²+#á+&�. ;¿£sÁTýË� ú{ì sÁ+>·TýË e#ûÌ
eÖsÁTÎqT |�]o*+#á+&�.

�|Õ ¿£�Ô�«\ qT+&� ¿=�� �d�¿ìï¿£sÁ n+Xæ\T
>·eT�+#áe#áTÌ.

ÿ¿£ ºq� bõ{²w¾jáT+ |�s��+>·Hû{Ù d�Î{ì¿£+ýË
>·\ mHÃ� ºq� ºq� ¿£D²\T ú{ìýË n+Ôá{²
$d�ï]+#á&�+ e\¢ ú{ì¿ì sÁ+>·T eºÌ+~.

n<û$<ó�+>± ¿=�� ¿±|�sY d�ýñÎÛ{Ù d�ÎÛ{ì¿±\ýË�
mHÃ� ºq� ºq� ¿£D²\T ú{ìýË n+Ôá{² $d�ï]+º
<��¿ì sÁ+>·T e#ûÌý² #ûkÍïsTT. nq>± |��Tq, ç<�e
|�<�s��\T ºq� ºq� ¿£D²\ÔÃ @sÁÎ&�q³T¢>±
Ôî\Td�Tï+~.

|��Tq |�<�sÁ�|�Ú ¿£D²\T ç<�y�\ýË  @$<ó�+>±
$d�ï]kÍïsTT?

�|�Ú&�T Ôî\Td�TÅ£�+<�+!

¿£�Ôá«+ ` 8
¿£D²\ eT<ó�« d��\+

ÿ¿£ ;¿£sÁTýË ¿=+Ôá ú{ì� rd�T¿=� <��
eT{²¼�� >·T]ï+#á+&�. <��¿ì ¿=~Ý>± �|�ðqT ¿£*|¾,
n~ ¿£]¹> esÁÅ£� >±E ¿£&�¦ÔÃ Ü|�Î+&�. ;¿£sÁTýË�
ú{ì eT³¼+ýË @<îÕH� eÖsÁTÎ >·eT�+#�s�? Ü]Ð
eT]¿=+Ôá �|�ðqT ¿£*|¾ #áÖ&�+&�. �|�Ú&�T eT°¢
ú{ì eT{²¼�� |�]o*+#á+&�.

|�³+`9
;¿£sÁTýË� ú{ì eT³¼+ýË @yîT®H� eÖsÁTÎ
�+<�?

ú{ì¿ì ¿£*|¾q �|�ð @yîT®+~?

ú{ìýË ¿£]Ðq �|�ð MTÅ£� ¿£�|¾d�Tï+<� ?

¿£�Ôá«+ 7, 8 \qT |�]o*+ºq|�Ú&�T ç<�e
|�<�s��\ýË� ¿£D²\ eT<ó�« ¿=+Ôá U²° d��\+
�+³T+<�� #î|�Îe#áTÌ. |��Tq |�<�s��\qT ç<�y�\ýË
¿£]Ð+ºq|�Ú&�T |��Tq |�<�s��\ ¿£D²\T ç<�y�\ýË�
¿£D²\ eT<ó�« >·\ � U²° d��\+ýË¿ì #ûsÁTÔ�sTT.

n>·s Y�Üï ¿ £ �Ô�«�� > ·Ts Á T ï #ûd � T¿Ã+&�.
y�jáTT|�<�sÁ�+ Å£L&� ºq�ºq� ¿£D²\ÔÃ �]�ÔáyîT®
�+³T+<��, |��Tq, ç<�e |�<�s��\ÔÃ bþ*�dï � ¿£D²\
eT<ó�« mÅ£�Øe U²° d��\+ �+³T+<�� MTsÁT
n+^¿£]kÍïs�?
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1.6 Particles of matter attract

each other

Activity - 9

Observing the force of attraction

between the particles of  matter

Open a water tap and allow the water to

reach the ground. Now try to stop the

stream of  water with your finger.

· Are you able to move your finger

through the stream of water any where

from the tap to ground?

· What is the reason behind the stream

of water remaining together?

Now try to move your finger through

an iron nail, as in the stream of water.

Are you able to do it? If yes, does it

rejoin?

·     Can you break a piece of chalk? Does it

rejoin?

From the above observations we can say

that particles of the matter have forces

acting between them that keeps the

particles together.

It is also clear that this force is not

equally strong and different in different

forms of matter.

1.7 How diffusion takes place?

We have already carried out several

activities to explain diffusion of particles

of solids, liquids and gases. Diffusion can

be possible only when the particles of

matter move continuously.

In the incense stick activity, the

particles responsible for scent move and

enter the space between the air particles.

The scent particles quickly spread across

the room.

Particles of solids, liquids and gases can

diffuse into liquids and gases. Rate of

diffusion of gases is higher than the liquids,

while the rate of diffusion of liquids is

higher than solids. There are two reasons for

higher rate  of diffusion of gases.

1. Speed of gas particles is very high.

2. The space between gas particles is very

high.

Similarly the greater diffusion rate in

liquids compared to solids is because

particles in liquids move freely and have

greater space between them when

compared to particles of solids.

Observe the following diagram which

shows the difference in arrangement of

particles in solids, liquids and gases.

   In a gas the particles are not as close

together as in a liquid. If a coloured gas is

mixed with a colourless gas, the colour

spreads evenly in it. This happens faster in

gas than in a liquid, because of large gaps

between the partcicles of gas. Fewer

particles of gas obstruct in the way of

spreading.

You can see the diffusion of bromine

when it diffuses through air. Bromine is a

Fig - 10

Solid

Liquid

Gas
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1.6  |�<�sÁ�+ýË� ¿£D²\ eT<ó�« |�sÁd�ÎsÁ �¿£sÁüD

¿£�Ôá«+ ` 9

|�<�sÁ�+ýË� ¿£D²\ eT<ó�« �¿£sÁüD �ý²��
|�]o*+#áT³.

Å£�Þ²sTT (qý²¢) qT+&� e#ûÌ ú{ì <ó�sÁqT
eT<ó�«ýË MT #ûÜ yû*ÔÃ $&�>=fñ¼ ç|�jáTÔá�+ #ûjáT+&�.

ú{ì Å£�Þ²sTT qT+&� Hû\MT<� |�&�TÔáTq� ú{ì<ó�sÁ
bõ&�TeÚH� <ó�sÁýË¿ì úeÚ #ûÜ� n&�¦+>±
|�+|�>·\y�?
ú{ì <ó�sÁ $&�bþÅ£�+&� �sÁ+ÔásÁ+>± ¿£\d¾
�+&�&��¿ì ¿±sÁDyûT$T{ì?

�|�ÚÎ&�T  ÿ¿£ �qT|� yûTÅ£� rd�T¿=� <���
$]#û ç|�jáTÔá�+ #ûjáT+&�. $sÁe>·*>±s�? ÿ¿£yûÞø
yûTÅ£�qT $sÁTe >·*ZÔû Ü]Ð ¿£\T|�>·\eÖ?

d�T<�Ý eTT¿£ØqT $sÁe>·\s�? Ü]Ð <���
nÜ¿ì+#á>·\s�?

�|Õ |�]o\q\ <�Çs� |�<�sÁ�|�Ú ¿£D²\ eT<ó�«
�¿£sÁüD �\+ �+³T+<��, � �\+ |�<�sÁ� ¿£D²\qT
¿£*d¾ �+&ûý² #ûd�Tï+<�� #î|�Îe#áTÌ.

nsTTÔû ¿£D²\ eT<�« �+&û � �¿£sÁüD�\+
|�<�sÁ�+ jîTT¿£Ø n�� d¾�ÔáT\ýË ÿ¹¿ý² �+&�<�T.

1.7 y�«|�q+ mý² ÈsÁT>·TÔáT+~?
|��Tq, ç<�e, y�jáTT|�<�sÁ� ¿£D²\ eT<ó�« y�«|�q+

È]¹> rsÁT�|Õ ¿=�� ¿£�Ô�«\T eTq+ �~ esÁ¹¿
�sÁÇV¾²+#�+. |�<�sÁ �|�Ú ¿£D²\T �sÁ+ÔásÁ+
¿ £< � T\TÔ á Tq�| �ð& � T eÖçÔ áy û T y�«| �q+
kÍ<ó�«eTeÚÔáT+~.

n>·sY�Üï ¿£�Ôá«+ýË, y�d�qÅ£� ¿±sÁDyîT®q ºq�
ºq� ¿£D²\T >±*ýË� ¿£D²\ eT<ó�« >·\ d��ý²��
�ç¿ £$T+#á& �+ e\q >·~ n+Ôá{² Ô áÇsÁ>±
y�«|¾+#�sTT.

|��Tq, ç<�e, y�jáTT |�<�s��\ýË� ¿£D²\T
ç<�y�\ýË, y�jáTTeÚ\ýË y�«|�q+ #î+<�TÔ�sTT.
nsTTÔû y�jáTTeÚ\ýË ¿£D²\ y�«|�q yû>·+ ç<�y�\
¿£H�� mÅ£�Øe. ný²¹> ç<�e |�<�s��\ýË y�«|�q yû>·+
|� �Tq|�<�s� �\ ¿ £H�� mÅ£� Øe>± �+³T+~.
y�jáTTeÚ\ýË y�«|�q yû>·+ n~ó¿£+>± �+&�&��¿ì
Âs+&�T ¿±sÁD²\TH��sTT. n$
1. y�jáTTeÚ\ýË ¿£D²\ #á\q yû>·+ n~ó¿£+>±

�+³T+~.
2. ¿£D²\ eT<ó�« U²° d��\+ n~ó¿£+>± �+³T+~.

|��Tq |�<�s��\ÔÃ bþ*Ìq|�Ú&�T ç<�y�\ y�«|�q
yû>·+ mÅ£�Øe>± �+&�{²�¿ì ¿±sÁD+ |��Tq |�<�s��\
¿£+fñ ç<�e|�<�s��\ýË ¿£D²\T �dÇ#áÌÛ>± #á*kÍïsTT.
y�{ì eT<ó�« d��\+ Å£L&� |��Tq |�<�s��\ ¿£D²\ eT<ó�«
�+&û d��\+ ¿£+fñ mÅ£�Øe>± �+³T+~.

|�{+10ýË �eÇ�&�q |��Tq, ç<�e, y�jáTT
|�<�s��\ýË� ¿£D²\ neT]¿£ýË >·\ uóñ<�*�
>·eT�+#á+&�.

|�³+`10
ç<�y�\ýË eÖ~]>± y�jáTTeÚ\ýË ¿£D²\T

<�>·ZsÁ>± �+&�eÚ. @<îÕH� sÁ+>·T >·\ ÿ¿£ y�jáTTeÚqT
sÁ+>·Týñ� y�jáTTeÚÔÃ ¿£*|¾q|�Ú&�T ÿ¿£<��ÔÃ
eTs=¿£{ì ¿£*d¾bþsTT sÁ+>·T � y�jáTTe+Ôá{²
y�«|¾d�Tï+~.  y�jáTT ¿£D²\ eT<ó�« �+&û n~ó¿£
d��\+ e\¢ y�jáTTeÚ\ýË y�«|�q+ ç<�y�\ýË ¿£H��
n~ó¿£ yû>·+ÔÃ ÈsÁT>·TÔáT+~. y�«|¾+#û eÖsÁZ+ýË
y�jáTTeÚ jîTT¿£Ø ¿=�� ¿£D²\T n&�T¦|�&�Ô�sTT.

>±*ýË çuË$TH� y�jáTTeÚ y�«|�H��� MTsÁT
|�]o*+#áe#áTÌ. çuË$TH� >Ã<ó�TeT esÁ�+ ¿£*Ðq

|��Tq |�<�sÁ�+

ç<�e |�<�sÁ�+

y�jáTT |�<�sÁ�+
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Key words

brownish coloured gas. Hence its diffusion in colourless air can be seen clearly. If we

allow Bromine to diffuse in vaccum, it diffuses  faster into vaccum, because there are no

particles to obstruct in its way.

Matter,  states of matter,  solid,  liquid,  gas,  particles,  diffusion,   compressibility,

forces of attraction,  compressed natural gas.

· Matter is made up of particles.

· The particles of matter are very small-they are small beyond our imagination.

· Particles of matter have space between them.

· Particles of matter move continuously in liquids and gases.

· Matter exists in three states i.e., solid, liquid and gas.

· The force of attraction between the particles are maximum in solids, intermediate in

liquids and minimum in gases.

· The particles are arranged orderly in the case of solids while  particles move randomly

in gases.

· Diffusion is possible only when particles of matter move continously.

· Rate of diffusion of gases is higher than that of liquids (or) solids.

I. Reflections on Concepts

1. Explian diffusion phenomena based on the

states of matter. (AS
1
)

2. Mention the properties of solids (AS
1
)

3. Mention the properties of liquids (AS
1
)

4. Explain "fluid" with one example. (AS
1
)

5. Mention the properties of gases. (AS
1
)

6. Give two daily life situation where you observe the diffusion. (AS
1
)

What we have learnt

Improve your learning
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¿¡\¿£ |�<�\T

y�jáTTeÚ. >±*ýË B� y�«|�H��� eTq+ ç|�Ôá«¿£�+>± #áÖ&�e#áTÌ. ÿ¿£yûÞø � y�jáTTeÚqT XøSq«+ýË
e~*Ôû @eTòeÚÔáT+~? n~ XøSq«+ýË #�ý² yû>·+>± $d�ï]d�Tï+~. m+<�T¿£+fñ XøSq«+ýË çuË$TH� y�jáTTeÚqT
n&�T¦Å£�Hû ¿£D²\T @MT �+&�eÚ.

|�<�sÁ�+, |�<�sÁ� d¾�Ü, |��Tqd¾�Ü, ç<�ed¾�Ü, y�jáTTd¾�Ü, ¿£D²\T, y�«|�q+, d�+|Ó&�«Ôá, �¿£sÁüD �ý²\T,
d�+|Ó&�Ôá d�V�²È y�jáTTeÚ.

|�<�s��\T ¿£D�]�Ô�\T
|�<�sÁ�+ýË� ¿£D²\T #�ý² ºq�$.  eTq+ }V¾²+#áýñq+Ôá ºq�$>± �+{²sTT.

|�<�sÁ�+ýË� ¿£D²\ eT<ó�« ¿=+Ôá U²° d��\+ �+³T+~.

ç<�e+, y�jáTT |�<�s��\ýË�  ¿£D²\T �sÁ+ÔásÁ #á\q+ýË eÚ+{²sTT.
|�<�s��\T |��Tq, ç<�e, y�jáTT d¾�ÔáT\ýË eÚ+{²sTT.

¿£D²\ eT<ó�« �¿£sÁüD |��Tq |�<�s��\ýË mÅ£�Øe>±qT, y�jáTTeÚ\ýË ÔáÅ£�Øe>±qT, ç<�e |�<�s��\ýË eT<ó�«d��+>±qT
eÚ+³T+~.
|��Tq |�<�s��\ýË ¿£D²\T <�>·ZsÁ <�>·ZsÁ>± �+&� ÿ¿£  ç¿£eT |�<�ÆÜýË neT] �+{²sTT.  y�jáTTeÚ\ýË
¿£D²\T �dÇ#áÌÛ>± #á*d�Tï+{²sTT.

|�<�sÁ�|�Ú ¿£D²\T �sÁ+ÔásÁ+ ¿£<�T\TÔáTq�|�ð&�T eÖçÔáyûT y�«|�q+ kÍ<ó�«eTeÚÔáT+~.

y�jáTTeÚ\ y�«|�q yû>·+ ç<�y�\T ýñ<� |��Tq|�<�s��\ y�«|�q yû>·+ ¿£+fñ mÅ£�Øe>± �+³T+~.

I.  uó²eq\�|Õ ç|�Üd�Î+<�q\T:

1. |�<�s��\ d¾�ÔáT\ �<ó�sÁ+>± y�«|�q <ó�s���� $e]+#á+&�.  (AS
1
)

2. |��Tq |�<�s�Æ\ <ó�s��\qT Ôî\Î+&�. (AS
1
)

3. ç<�e |�<�s�Æ\ <ó�s��\qT Ôî\Î+&�. (AS
1
)

4. »»ç|�y�V¾²µµ � ÿ¿£ �<�V�²sÁDÔÃ $e]+#á+&�. (AS
1
)

5. y�jáTTeÚ |�<�s�Æ\ <ó�s��\qT Ôî\Î+&�. (AS
1
)

6. �Ôá« J$Ôá+ýË y�«|�H��� >·eT�+#û d�+<�s�ÒÛ\Å£� �<�V�²sÁD*eÇ+&�. (AS
7
)

eTqyûT+ HûsÁTÌÅ£�H��+?

nuó�«d�H��� yîTsÁT>·T |�sÁT#áTÅ£�+<�+
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II. Application of Concepts

1. Mention the applications of compressibility in our daily life? (AS
7
)

 2. Mention the situtions where we use diffusion in our day-to-day life (AS
7
)

 3. How can we smell perfume sitting several meters away from the source? Predict? (AS
2
)

 4. How do you prove that the speed of diffusion of ammonia is more than that of the speed

of diffusion of hydrochloric acid?  (AS
3
)

 5. Give examples that the matter which will be available in different states. (AS
1
)

III. Higher Order Thinking questions

1. We can't rejoin the broken chalk easily. Give reason.  (AS
1
)

2. Is the space between the particles in the matter influence the speed of diffusion? Ex-

plain. (AS
1
)

1.  Which of the following is available in three states in our daily life (at normal conditions)

(a) Petrol (b) Water (c) Milk (d) Kerosine  [     ]

2.  Which of the following can be easily compressed to less volume.          [     ]

(a) Iron (b) Water (c) Air (d) Wooden piece

1. Conduct an experiment to observe the speed of diffusion of two substances.

2. Conduct an experiment to show the space between the particles of matter and write

the report.

1. Make a model to explain the structure of particles in solids, liquids and gases.

2. What are the factors influencing diffusion, whether the arrangement of atoms in

the substance that diffuse or the arrangement of atoms of the medium in which the

substance is kept.

3.  Some solids diffuse in liquids but not in gasses, some solids diffuse in gasses but

not in liquids. Why?

Suggested Experiments

Suggested Projects

Multiple choice questions
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II. uó²eq\ nqTesÁïH�\T

1. �Ôá« J$Ôá+ýË d�+|Ó&�«Ôá jîTT¿£Ø nqTesÁïH�\qT Ôî\Î+&�. (AS
7
)

2. �Ôá« J$Ôá+ýË eTqÅ£� y�«|�q+ �|�jîÖ>·|�&û d�+<�s�ÒÛ\qT Ôî*jáTCñjáT+&�. (AS
7
)

3. nÔáïsÁT �+ºq kÍ�q+ qT+&� ¿=�� MT³sÁ¢ <�ÖsÁ+ esÁÅ£� y�d�qqT >·T]ï+#á>·\+. m+<�TÅ£�? }V¾²+#á+&�.
(AS

2
)

4. �VÕ²ç&Ã¿Ã¢]¿ù �eT¢+ ¿£+fñ nyîÖ��jáÖ y�«|�q yû>·+ mÅ£�Øe� mý² �sÁÖ|¾kÍïeÚ? (AS
3
)

5. ÿ¹¿ |�<�sÁ�+ yûsÁTyûsÁT d¾�ÔáT\ýË �+&�>·*¹> ne¿±Xø+ �q� |�<�s��\Å£� �<�V�²sÁD*eÇ+&�. (AS
1
)

III.  �ýË#áH�Ôá�¿£ ç|�Xø�\T
1. $]Ðq d�T<�Ý eTT¿£ØqT d�T\uó�+>± nÜ¿ì+#áýñ¿£bþe&��¿ì >·\ ¿±sÁD²\T Ôî\Î+&�. (AS

1
)

2. |�<�sÁ�+ýË� ¿£D²\ eT<ó�« <�ÖsÁ+ y�«|�q yû>±�� ç|�uó²$Ôá+ #ûd�Tï+<�? $e]+#á+&�. (AS
1 
)

1. ¿ì+~ y�{ìýË �Ôá« J$Ôá+ýË kÍ<ó�sÁD |�]d¾�ÔáT\ýË eTÖ&�T d¾�ÔáT\ýË \_ó+#û |�<�sÁ�+ [ ]

a) �|ç{ËýÙ b)  úsÁT c) bÍ\T d)  ¿ìsÃd¾H�
2. ¿ì+~ y��ýË d�T\uó�+>±, ÔáÅ£�Øe>± |��Tq|�]eÖD²�¿ì d�+|Ó&�q+ #î+<û~? [ ]

a) �qTeTT b) úsÁT c) >±* d) ¿£çsÁeTT¿£Ø

            ç|�jîÖ>±\T

1. Âs+&�T y�jáTTeÚ\ y�«|�q yû>·+ |�]o*+#áT³Å£� ÿ¿£ ç|�jîÖ>±�� #ûd¾ �yû~¿£ s�jáT+&�.
2. |�<�sÁ�eTTýË� ¿£D²\ eT<ó�« d��\+ �+³T+<�� #áÖ|�Ú³Å£� ÿ¿£ ç|�jîÖ>±�� �sÁÇV¾²+º �yû~¿£ s�jáT+&�.

çbÍCÉÅ£�¼\T

1. |��Tq, ç<�e, y�jáTT d¾�ÔáT\ýË ¿£D²\ neT]¿£qT nsÁ�+ #ûd�T¿=Hû+<�TÅ£� qeTÖH�qT ÔájáÖsÁT #ûjáT+&�.
2. y�«|�H��� ç|�uó²$Ôá+ #û�d n+Xæ\T @$? y�«|�q+ #î+<û |�<�sÁ�+ýË� nDTeÚ\ neT]¿± ýñ¿£ y�«|�q+ #î+<û

jáÖq¿£+ýË� nDTeÚ\ neT]¿±?
3. ¿=�� |��Tq|�<�s�Ý\T ç<�y�\ýË y�«|�q+ #î+<�TÔ�sTT ¿±ú, y�jáTTeÚ\ýË #î+<�eÚ. eT]¿=�� |��Tq |�<�s�Ý\T

y�jáTTe\ýË y�«|�q+ #î+<�TÔ�sTT ¿±ú, ç<�y�\ýË #î+<�eÚ m+<�TÅ£�?

�V�QÞèÕºÌÛ¿£ ç|�Xø�\T
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We are familiar with the idea

of motion. We see several examples of

motion around us like motion of people,

vehicles, trains, aeroplanes, birds, rain

drops, objects thrown into air, etc. We know

that it is due to the motion of the Earth that

phenomena like sunrise, sunset, changes in

the seasons etc  occur.

l If Earth is in motion, why don’t we

directly perceive the motion of the

Earth?

l Are the walls of your class room at rest

or in motion? Why?

l Have you ever experienced that the train

in which you sit appears to move when

it is at rest? Why?

 To give answers to these questions we

need to understand the terms ‘relative’ and

'relative motion'.

Great progress in understanding

motion occurred when Galileo undertook

his study of rolling balls on inclined planes.

To understand motion, we need to

understand the meaning of the word

'relative', which plays an important role in

explaining motion.

2.1 What is relative ?

We use many statements in our daily

life to express our views. The meaning of a

statement depends on the context in which

it is made.

Does every statement have a meaning?

 Evidently the answer is ‘no’.  Even if

you choose perfectly sensible words and

put them together according to all the rules

of grammar, you may still get complete

non-sense.  For instance the statement “This

water is triangular’’ can hardly be given any

meaning.

A statement has a meaning only when

there is a relation between words.

Similarly there exists other situations

in our daily life where we use statements

having meaning depending upon the

situation. Let us observe the following

example.

Right and Left

As shown in the fig.-1, two persons

A and B are moving opposite to each other

on a road.

Chapter

2 MOTION
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»#á\q+µ ýñ<� »> ·eTq+µ eTqÅ£� u²>±
|�]#ájáTeTTq� uó²eq. eTqTw�§\T, y�V�²H�\T,
ÂsÕÞø�¢, $eÖH�\T, |�Å£��\T, esÁü|�Ú ºqTÅ£�\T, >±*ýË¿ì
$d¾]q ed�T ïeÚ\T yîTT<�ýÉ Õqeú� #á\q+ýË
�+&�{²�� eTq+ >·eT�d�ÖïHû �+{²+. uó�Ö$T
#á\q+ýË �+&�³+eýñ¢ d�ÖsÃ«<�jáT+, d�Ös�«
d�ïeTjáT+, �TTÔáTeÚ\ýË eÖsÁTÎ\T d�+uó�$d�TïH��jáT�
eTqÅ£� Ôî\Td�T.

uó�Ö$T #á\q+ýË �q�|�Î{ì¿¡, � #á\H���  eTq+
m+<�TÅ£� >·T]ï+#áýñ¿£bþÔáTH��+?
MT ÔásÁ>·Ü >·~ >Ã&�\T #á\q+ýË �H��jáÖ?
ýñy�? m+<�TÅ£�?
�XøÌ\ d¾�ÜýË �q�  ÂsÕ\TýË MTsÁT Å£Ls=Ì�
�q�|�ð&�T n~ ¿£<�T\TÔáTq� nqTuó�ÖÜ�
m|�ð&îÕH� bõ+<�s�? m+<�TÅ£�?
�|Õ ç|�Xø�\Å£� d�eÖ<ó�H�\T  Ôî*jáÖ\+fñ

»»kÍ�|¿£�+µµ (Relative),  »»kÍ�|¿£� #á\q+µµ (Relative

Motion) nHû |�<�\qT, y�{ì eT<ó�«>·\ d�+�+<ó���
ne>±V�²q #ûd�T¿Ãy�*.

Â>©*jîÖ �sÁÇV¾²+ºq »»@³y�\T Ôáý²\�|Õ
�+Ü #á\H�\µµ ç|�jîÖ>±\ e\¢ #á\H��� >·T]+º
ne>±V�²q �|]Ð+~. $$<ó� sÁ¿±\ #á\H�\qT
$e]+#á&�+ýË »»kÍ�|¿£�+µµ nHû |�<�+ eTTK« bÍçÔá
eV¾²d�Tï+~. n+<�Te\¢ »»kÍ�|¿£�+µµ nHû |�<���
Å£��D�+>± nsÁ�+ #ûd�T¿Ãy�*à �+~.

2.1 kÍ�|¿£�+ n+fñ @$T{ì?
�Ô á «J$Ô á+ýË eTq n_ó çbÍj áÖ\qT

yî\¢&�+#á&��¿ì eTq+ sÁ¿ £sÁ¿±\ y�¿±«\qT
$�jîÖÐd�Tï+{²+. ÿ¿£ y�¿£«+ nsÁ�+ n+<�TýË
$�jîÖÐ+ºq |�<�\ eT<ó�« d�+�+<ó�+ MT<�
�<ó�sÁ|�&� eÚ+³T+~ ¿£<�!

ç|�Ü y�¿±«�¿ì nsÁ�+ �+³T+<�?

»�+&�<�T  n�  d�Îw� ¼+>±  #î|�Îe#áTÌµ.
nsÁ�e+ÔáyîT®q |�<�\qT m+|¾¿£ #ûd¾ y�«¿£sÁD
d�ÖçÔ�\qqTd�]+º  y�¿±«��  �]�+ºH�,
ÿ¿=Ø¿£ØkÍ] y�¿£«+ nsÁ�sÁV¾²Ôá+>±  �+&�e#áTÌ.
�<�V�²sÁDÅ£� »»úsÁT çÜuó�TC²¿±sÁ+>± �+~µµ nHû
y�¿£«+ nsÁ�sÁV¾²Ôá+>± �+~.

y�¿£«+ýË y�&�q |�<�\ eT<ó�« d�+�+<ó�+
�q�|�ð&�T eÖçÔáyûT  �  y�¿£«+  nsÁ�e+Ôá+>±
�+³T+~.

n<û $<ó�+>± �Ôá«J$Ôá+ýË eTq+ y�&û ¿=��
y�¿±«\ nsÁ�+ d�+<�s�ÒÛ�� �{ì¼ eÖsÁTÔáÖ �+³T+~.
¿ì+~ �<�V�²sÁD\qT |�]o*<�Ý+.

Å£�&� ` m&�eT

|�³+ 1 ýË #áÖ|¾q $<ó�+>± A,  B  nHû �<�ÝsÁT
e«Å£�ï\T sÃ&�T¦�|Õ m<�TÂs<�TsÁT>± q&�Td�TïH��sÁT.

n<ó�«jáT+

2 #á\q+
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Fig-1

Examine the meaning of the following

sentence.

Question: On which side of the road is

the house? Is it on the right side or on the

left side of the road?

There are two answers for the above

question. For person A, the house is on the

right and for the person B, the house is on

the left. Thus the position of the house is

relative to the observer i.e., clearly when

speaking of left and right by a person, he has

to assume a direction based on which he can

decide his left and right sides.

Is day or night just now ?

The answer depends on where the

question is being asked.  When it is daytime

in Hyderabad, it is night in New- York.  The

simple fact is that day and night are relative

notions and our question cannot be

answered without indicating the place on

the globe where the question is being asked.

Up and down

Can  orientations like 'up' and 'down'

be the same for all persons at all places?

Observe the following fig.- 2.

For the person standing at A on the

globe, his position appears up and the

orientation of person standing at B appears

down but for the person standing at B it

appears exactly opposite. Similarly for the

persons standing at the points C and D, the

directions of up and down are not same.

They change with the point of observation

on the globe.Observe the fig-2 by inverting

the book

l  Why do we observe these changes?

Fig-2

We know that earth is a sphere, the

upward  direction of the vertical position on

its surface depends upon the place on the

earth’s surface, where the vertical is drawn.

Hence the notions 'up and down' have

no meaning unless the point on the Earth’s

surface, to which they refer, is defined.

Discuss the meaning of the terms

'longer and shorter' with few examples.

l Are these terms relative or not?

Motion is relative

Like the terms right and left, up and

down, larger and shorter etc., ‘motion’ is

also relative to the observer.

AB
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B
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C
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AB

B

D
C

A

|�³+`1

¿ì+~ y�¿±«�¿ì ns���� |�]o*+#á+&�.
ç|�Xø� : �\T¢ sÃ&�T¦¿ì m³TyîÕ|�Ú �+~?  Å£�&�yîÕbÍ,

m&�eTyîÕbÍ?
�|Õ ç|�Xø�Å£� Âs+&�T d�eÖ<ó�H�\T+{²sTT. A e«¿ìï¿ì

�\T¢ Å£�&�yîÕ|�Ú �+fñ, B e«¿ïì¿ì �\T¢ m&�eTyîÕ|�Ú
�+~ ¿£<�!  B�� �{ì¼ �\T¢ @yîÕ|�Úq �q�<�Hû~
|�]o\Å£�� |�sÁ+>± kÍ�|¿£�yîT®q~. nq>± ÿ¿£
e«¿ìï|�sÁ+>± Å£�&�, m&�eT\qT �sÁ�sTT+#�\+fñ
yîTT<�³ nÔáqT q&�Td�Tïq� �]Ýw�¼ ~XøqT m+|¾¿£
#ûd�T¿Ãy�*. � ~Xø �<ó�sÁ+>± eÖçÔáyûT Å£�&�,
m&�eT\qT yûsÁT #ûjáT>·\T>·TÔ�+.

�|�ð&�T s�çÔ� ýñ¿£ |�>·ý²?
� ç|�Xø�Å£� d�eÖ<ó�q+ eTq+ m¿£Ø&� �+&�

� ç|�Xø� n&�>±eTq� <���|Õ �<ó�sÁ|�&� �+³T+~.
�VÕ²<�s�u²<�ýË ç|�d�TïÔá+ |�>·ýÉÕÔû, qÖ«jáÖsYØýË  s�çÜ
neÚÔáT+~. �C²�¿ì  s�çÜ, |�>·\T nHû$ kÍ�|¿£�
uó²eq\T ¿±�{ì¼ uó�Ö$T�|Õ eTq+ m¿£Ø&� �+&�
� ç|�Xø� n&�>±yîÖ Ôî*jáT¿£bþÔû � ç|�Xø�Å£�
d�eÖ<ó�q+ �eÇýñ+.

�|Õ¿ì ` ç¿ì+<�Å£�
�|Õ¿ì, ¿ì+<�Å£� nHû ~Xø\T @ ç|�<ûXø+ýË

�q�y�]Â¿ÕH� ÿ¹¿ $<ó�+>± �+{²jáÖ? |�³+ 2qT
|�]o*+#á+&�.

>Ã¢�T�|Õ A e<�Ý �\�&�q e«¿ìï¿ì >Ã¢�TÅ£� Ô�qT
�|Õ yîÕ|�ÚÅ£� �q�³T¢, B e<�Ý �\�&�q e«¿ìï ¿ì+<�Å£�
�q�³T¢ ¿£q�&�TÔáT+~. B�¿ì e«Ü¹s¿£+>± B e<�Ý
�\�&�q e«¿ìï¿ì Ô�qT �|Õ yîÕ|�Ú �q�³T¢, A e<�Ý

�\�&�q e«¿ìï ¿ì+~ yîÕ|�Ú �q�³T¢ n�|¾d�Tï+~.
|�Úd�ï¿±��  Ôá\ç¿ì+<�T\T  #ûd¾  |�³+ ` 2qT
|�]o*+#á+&�. n<û$<ó�+>± C, D\ e<�Ý �\�&�q
e«Å£�ï\Å£�  Å£L&� �|Õ¿ì, ¿ì+~¿ì n�� ~Xø\T ÿ¿£{ì>±
�+&�eÚ.�|Õ¿ì, ¿ì+~¿ì nHû  ~Xø\T >Ã¢�T�|Õ eTq+
m¿ £ Ø& � TH��eTH û <��� �{ì ¼  eÖs ÁÔ�sTT.

 � eÖsÁTÎ\T m+<�TÅ£� ekÍïsTT?

|�³+`2
uó�Ö$T >ÃÞ²¿±sÁ+>± �+<�� eTqÅ£� Ôî\Td�T.

n+<�Te\¢ uó�Ö �|�]Ôá\+�|Õ ̂ d¾q \+� ~Xø uó�Ö$T
MT<� n~ ^d¾q d��\+�|Õ �<ó�sÁ|�&� eÚ+³T+~.

¿±�{ì¼ uó�Ö�|�]Ôá\+�|Õ @ kÍ�H��� �<ó�sÁ+
#ûd�T¿=� ~XøqT #î|�ÚÔáTH��yîÖ Ôî*jáTq+Ôá esÁÅ£�
�|Õ¿ì, ¿ì+~¿ì nHû ~Xø\Å£� nsÁ�+ ýñ<�T.

bõ&�eÚ, bõ{ì¼ nHû uó²eq\ ns���� ¿=��
�<�V�²sÁD\ÔÃ MT ÔásÁ>·ÜýË #á]Ì+#á+&�.

 � |�<�\T kÍ�|¿£�yîT®qy�? ¿±y�?

#á\q+ kÍ�|¿£�yîT®q~
Å£�&�, m&�eTÑ �|Õ¿ì, ¿ì+<�Å£�Ñ bõ&�eÚ,  bõ{ì¼ nHû

|�<�\ ý²>± »»#á\q+µµ Å£L&� |�]o\Å£�� |�sÁ+>±
kÍ�|¿£�yîT®q~>± �+³T+~. B� >·T]+º $esÁ+>±
Ôî\Td�T¿=+<�+.
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      To understand the idea of motion, let us take the following hypothetical activity.

Observe and follow the conversation between Srinu and Somesh who stand beside a

road as shown in the fig.-3.

Srinu : What is the state of

motion of the tree?

Somesh : Tree is at rest.

Srinu : What is the state of

motion of the car?

Somesh : It is moving due east.

Srinu : What is the state of

motion of the driver and

the passenger in the car?

Somesh : They are also moving like

the car.

Srinu : How do you decide that

the car, the passenger and

the driver are moving?

Somesh      : With respect to us, the

position of the car,the

passenger and the   driver

are changing with time.

So, they are in motion.

Fig-4: Motion in view of Passenger

West

Passenger

Driver

Fig-3: Motion in view of Srinu and Somesh

Somesh

Srinu

East
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|�&�eTsÁ

ç|�jáÖDìÅ£�&�T
ç&îÕesÁT

kþyûTwt

lqT

ÔáÖsÁTÎ

»#á\q+µ nHû uó²eqqT nsÁ�+ #ûd�T¿Ãe&��¿ì, ¿ì+~ }V�äÔá�¿£ ¿£�Ô�«�� |�]o*+#á+&�.
|�³+`3ýË #áÖ|¾q³T¢ sÃ&�T¦  |�¿£Øq �\�&�q lqT, kþyûTwt\ eT<ó�« d�+uó²w�DqT >·eT�+#á+&�.

lqT : #á\q+ |�sÁ+>± #î³T¼ @ d¾�ÜýË
�+~?

kþyûTwt : #î³T¼ �XøÌ\d¾�ÜýË �+~.
lqT : #á\q+ |�sÁ+>± ¿±sÁT @ d¾�ÜýË

�+~?
kþyûTwt : ¿±sÁT ÔáÖsÁTÎ ~XøýË #á*kþï+~.
lqT : ¿±s Á TýË �q� ç& î ÕesÁ T ,

ç|�jáÖDìÅ£�&�T #á\q+ |�sÁ+>± @
d¾�ÜýË �H��sÁT?

kþyûTwt : y�sÁT Å£L&�, ¿±sÁT ý²>±Hû
#á*d�TïH��sÁT.

lqT : ¿±sÁT, ç&îÕesÁT, ç|�jáÖDìÅ£�&�T
#á*d�T ïH��sÁ�  úeÚ  mý²
#î|�Î>·\eÚ?

kþyûTwt : eTq |�sÁ+>± #áÖd¾q|�Ú&�T ¿±sÁT,
ç&îÕesÁT, ç|�jáÖDìÅ£�\ kÍ�q+ýË
¿±\+ÔÃ bÍ³T eÖsÁTÎ ed�Tï+~.
¿£qT¿£ y�sÁT #á\q+ýË �H��sÁ�
#î|�Îe#áTÌ.

|�³+`3 : lqT, kþyûTwt <��cÍ¼« #á\H�\T

|�³+`4 : ç|�jáÖDìÅ£�� <��cÍ¼« #á\H�\T
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Observe the fig.4.  Now follow the

conversation of the driver and the

passenger in moving car.

Driver : What is the state of

motion of the tree?

Passenger : It is moving due west

Driver : What is the state of

motions of both the

persons beside the road?

Passenger : They are also moving due

west.

Driver : What is my state of

motion?

Passenger : You are at rest.

Driver : What is the state of

motion of the car?

l What answer may the passenger give

to the driver? Discuss with your

friends.

From the above discussion, it is clear

that the tree is at rest with respect to

Somesh and it is moving due west with

respect to passenger.

The 'motion' or 'rest' of an object

depends on the observer.  So motion is a

combined property of the observer and the

body which is being observed.

Now we are able to define motion of

an object.

A body is said to be in motion when its

position is changing continuously with time

relative to an observer.

Note: Any object can be taken as a point

of observation.

l  How do we understand motion?

2.2 Distance and displacement

Activity-1

Drawing path and distinguishing

between distance and displacement

Take a ball and throw it into the air with

some angle to the horizontal. Observe its

path and draw it on  paper.

Fig-5:Distance - displacement

Fig.- 5 shows the path taken by the

ball when it was thrown into air. In the

above example (Fig-5), A to S to B

shows the path travelled by the ball and

is the actual distance travelled by it.  AB

is the straight line drawn from the

initial position to the final position. It

shows the shortest distance as well as the

direction of the displacement from

A to B and is called displacement

vector.
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|�³+ 4qT #áÖ&�+&�. �|�ÚÎ&�T ¿£<�T\TÔáTq�
¿±sÁTýË� ç&îÕesÁT, ç|�jáÖDìÅ£�\ eT<ó�« d�+uó²w�DqT
>·eT�+#á+&�.

ç&îÕesÁT : #á\q+ |�sÁ+>± #î³T¼ @ d¾�ÜýË
�+~?

ç|�jáÖDìÅ£�&�T : #î³T¼ |�&�eTsÁ ~XøýË #á*d�Tï+~.

ç&îÕesÁT : #á\q+ |�sÁ+>± sÃ&�T¦ ç|�¿£Ø �\�&�¦
e«Å£�ï\T @ d¾�ÜýË �H��sÁT?

ç|�jáÖDìÅ£�&�T : e«Å £ � ï\T | �& �eTs Á  ~X øýË
#á*d�TïH��sÁT.

ç&îÕesÁT : #á\q+ |�sÁ+>± H� d¾�Ü @$T{ì?

ç|�jáÖDìÅ£�&�T : úeÚ �XøÌ\ d¾�ÜýË �H��eÚ.

ç&îÕesÁT : #á\q+ |�sÁ+>± ¿±sÁT #á\q d¾�Ü
@$T{ì?

ç|�jáÖDìÅ£�&�T @ d�eÖ<ó�q+ �kÍï&Ã MTÅ£�
Ôî\TkÍ? B�� ú �d�V¾²ÔáT\ÔÃ #á]Ì+#á+&�.

�|ÕÕ d�+uó²w�D\ qT+&�, kþyûTwt |�sÁ+>± #î³T¼
�XøÌ\d¾�ÜýË �+fñ, ç|�jáÖDìÅ£�&� |�sÁ+>± #î³T¼
|�&�eTsÁ ~XøýË #á\q+ýË �+~ n� Ôî\Td�Tï+~.

ed�Tï #á\q+ ýñ<� �XøÌ\d¾�Ü |�]o\Å£�&��|Õ
�<ó�sÁ|�&� �+³T+~. ¿±�{ì¼ »#á\q+µ nHû~
|�]o\Å£�&�T, #á*+#û ed�TïeÚ\ �eT�&� <ó�sÁ�+.

�|�ð&�T ed�TïeÚ #á\H��� eTq+ �sÁÇº+#á>·\+.

|�]o\Å£�&� |�sÁ+>± ÿ¿£ ed�Tï kÍ�q+ ¿±\+ÔÃ
bÍ³T �sÁ+ÔásÁ+ eÖsÁTÔáÖ �+fñ � ed�TïeÚ
#á\q+ýË �+~ n+{²+.

>·eT�¿£: @ ed�TïeÚHîÕH� |�]o\H� _+<�TeÚ>±

rd�T¿Ãe#áTÌ.

#á\H��� eTq+ @ $<ó�+>± ne>±V�²q

#ûd�TÅ£�+{²+?

2.2 <�ÖsÁ+`kÍ�qçuó�+Xø+

¿£�Ôá«+ ` 1

ç| �j áÖDì+# û eÖs� Z�� ^já T& �+`< �ÖsÁ+,
kÍ�qçuó�+Xæ\ eT<ó�« Ôû&�qT >·eT�+#á&�+.

ÿ¿£ �+Ü� rd�T¿=� ¿ì�ÜÈ Ôáý²�¿ì ¿=+Ôá ¿ÃD+

#û�d $<ó�+>± $d�sÁ+&�. �+Ü ç|�jáÖDì+ºq eÖs�Z��

>·eT�+º Ôî\¢ ¿±ÐÔá+�|Õ � eÖs�Z�� ^jáT+&�.

|�³+`5 : <�ÖsÁ+ ` kÍ�qçuó�+Xø+

|�³+`5 >±*ýË¿ì $d¾]q �+Ü eÖs�Z��
Ôî\T|�ÚÔáT+~.  �|Õ �<�V�²sÁDýË (|�³+`5) A qT+&�
S, S qT+&� B ¿ì �+Ü ç|�jáÖDì+ºq eÖs�Z��
eT]jáTT �+Ü ç|�jáÖDì+ºq y�d�ïe <�Ös���
Ôî\T|�ÚÔáT+~. ný²¹> AB nHû~ ed�TïeÚ Ô=* kÍ�q+
(A) qT+&� ÔáT~ kÍ�q+ (B) ¿ì ̂ d¾q d�sÁÞø¹sK. �~
A  qT+&� B ¿ì >·\ ¿£�w�¼ <�Ös��� eT]jáTT ed�TïeÚ
bõ+~q kÍ�qçuó�+Xø ~XøqT d�Öºd�Tï+~. B��
kÍ�qçuó�+Xø d�~Xø n+{²sÁT.
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Kazipet

Hyderabad

Sirpur Kaghaz Nagar

To describe a physical situation, some

quantities are specified with magnitude as

well as direction.  Such a  physical quantity

is called  vector. So, displacement is a

vector. The physical quantity which does

not require any direction for its

specification is called scalar. So distance

is a scalar.

A vector can be represented as a

directed line segment. It’s length indicates

magnitude and arrow indicates it’s

direction. Point ‘A’ is called tail or initial

point ‘B’ is called head or end point.

We represent the displacement vector

by AB
uuur

. Where A to B straight arrow is the

direction and the shortest (straight line)

distance AB is the magnitude of the

displacement vector AB
uuur

.

l The SI unit of distance and

displacement is metre denoted by ‘m’.

l Other units like kilometre, centimetre

etc. are also used to express this

quantity.

1 km = 1000 m

1 m =  100 cm

Activity-2

Drawing the displacement vectors

A car moves along different paths as

shown in figures 6(a) and 6(b). The points

A and B are the initial and final positions

of the car.

Draw the displacement vectors for two

situations given below.

Fig-6(a)           Fig-6(b)

Generally, the distance covered and

displacement are time dependent

quantities.

l What is the displacement of the body

if it returns to the same point from

where it started?  Give one example

from daily life.

l When do the distance and magnitude

of displacement become equal?

2.3 Average speed and average

velocity

A train named Telangana express starts

at 2.00 pm from Sirpur Kaghaz Nagar and

reaches Hyderabad at 8.00 pm the same day

as shown in fig.- 7.

Fig-7

Think and discuss
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d¾sÁÖÎsY`¿±>·CÙ q>·sY

U²J�|{Ù

�VÕ²<�s�u²<�

ÿ¿£ uó�Ü¿£ d�+<�s�ÒÛ�� $e]+#á&��¿ì ¿=��
uó�Ü¿£ s�Xø�\qT |�]eÖD+ÔÃ bÍ³T y�{ì ~Xø\qT
Å£L&� |�]>·DqýË¿ì rd�T¿Ãe\d¾ �+³T+~.
n³Te+{ì uó�Ü¿£ s�¥� d�~Xø n+{²sÁT. ¿±eÚq
kÍ�qçuó�+Xø+ ÿ¿£ d�~Xø. ~XøqT |�]>·Dì+#áe\d¾q
ned�sÁ+ ýñ� uó�Ü¿£s�¥� n~Xø n+{²sÁT. ¿±eÚq
<�ÖsÁ+ ÿ¿£ �~Xøs�¥.

d�~XøqT ~Xø>·\ ¹sU²K+&�+ÔÃ d�ÖºkÍï+.
¹sU²K+&�+ bõ&�eÚ d�~Xøs�¥ |�]eÖD²��,  u²D+
>·TsÁTï d�~Xøs�¥ ~XøqT Ôî*jáTCñkÍïsTT.  _+<�TeÚ
'A'qT »ÔÃ¿£µ ýñ¿£ Ô=* _+<�Te�, 'B' qT »Ôá\µ ýñ¿£
ÔáT~ _+<�Te� n+{²+.

¿±eÚq kÍ�qçuó�+Xø d�~XøqT AB
uuur

 <�Çs�
d�ÖºkÍïeTT. �¿£Ø&� A qT+&� B ¿ì ^ºq u²D+
>·TsÁTï kÍ�qçuó�+Xø ~XøqT d�Öºd�Tï+~. A eT]jáTT B
eT<ó�« >·\ ¿£�w�÷ <�ÖsÁeTT AB

uuur
 d�~Xø jîTT¿£Ø

|�]eÖD²�� d�Öºd�Tï+~.

MT³sÁT  nHû~ <�ÖsÁ+ eT]jáTT kÍ�qçuó�+Xæ�¿ì
SI ç|�eÖD+ B�� 'm' #û d�ÖºkÍïsÁT.
<�Ös���  eT]jáTT kÍ�qçuó�+Xæ�� Ôî\Î&��¿ì
¿ìýËMT³sÁT, �d+{¡MT³sÁT e+{ì ç|�eÖD²\qT
Å£L&� eTq+ �|�jîÖÐkÍïs.
1 ¿ì.MTR 1000MT
1 MT. R 100 �d+.MT.

¿£�Ôá«+ - 2

kÍ�qçuó�+Xø d�~Xø\qT ̂ jáT&�+
6 (m), 6 (_) |�{²\ýË #áÖ|¾q $<ó�+>± ÿ¿£

¿±sÁT $$<ó� eÖs�ZýË¢ #á*d�Tï+~. A, B  nHû _+<�TeÚ\T
¿±sÁT jîTT¿£Ø Ô=*, ÔáT~ kÍ�H�\T.

|�³+`6(m)       |�³+`6(_)
kÍ<ó�sÁD+>± <�ÖsÁ+, kÍ�qçuó�+Xø+ Âs+&�Ö

¿±\+�|Õ �<ó�sÁ|�&û uó�Ü¿£ s�Xø�\T.

�ýËº+#á+&� ̀  #á]Ì+#á+&�

ÿ¿£ ed�TïeÚ ¿=+Ôá <�ÖsÁ+ ç|�jáÖDì+º Ü]Ð
�jáT\T<û]q #Ã³T¹¿ #ûsÁ TÅ£ �+f ñ <��
kÍ�qçuó�+XøyîT+Ôá?� d�+<�s�ÒÛ�¿ì �È J$Ôá+ýË�
ÿ¿£ �<�V�²sÁD �eÇ+&�.
<�ÖsÁ+, kÍ�qçuó�+Xæ\ |�]eÖD²\T m|�ÚÎ&�T
d�eÖqeTeÚÔ�sTT?

2.3 d�s�d�] e&� ` d�s�d�] yû>·+
»»Ôî\+>±D m¿ùàç�|dtµµ ÂsÕ\T d¾sÁÖÎsỲ ¿±>·CÙ

q>·sYýË eT<�«V�²�+ 2 >·+³\Å£� �jáT\T<û]
n<ûsÃE s�çÜ 8 >·+³\Å£� �VÕ²<�s�u²<�Å£� (|�³+
7ýË #áÖ|¾q $<ó�+>±) #ûsÁTÅ£�+³T+~.

|�³+`7

� Âs+&�T d�+<�s�ÒÛ\Å£� kÍ�qçuó�+Xø d�~Xø\qT
^jáT+&�.
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Think and discuss

Draw displacement vectors from

Sirpur Kaghaz Nagar to Kazipet, Kazipet to

Hyderabad  and from Sirpur Kaghaz Nagar

to Hyderabad.

Let the distance of the entire trip from

Sirpur Kaghaz Nagar  to Hyderabad be 300

km.  The journey time is 6 h. What is the

distance covered by the train in each hour?

It is equal to 300km/6h = 50km/h

Can you say that the train has covered

exactly 50 km in each hour?

Obviously the answer is “No”, because

there may be some variations in distance

covered by the train each hour. So we take

the average of distances covered by the train

for each hour to decide its average speed.

The distance covered by an object in unit

time is called average speed.

Let the displacement of the trip in the

above example be 120 km due South–West.

What is the displacement in each hour?

The displacement per hour

          =  120 km/ 6h South - West

          = 20km / h South - West

The displacement of an object  per unit

time is called average velocity.  Average

Velocity is a vector and is along the

direction of displacement.

Total distance

  Time taken
Average speed  =

Total Displacement

  Time taken
Average velocity  =

The quantities average speed and

average velocity explain the motion of a

body in a given time interval.  They do not

give any information about the motion of

the body at a particular instant of time.

l What is the average speed of the car

if it covers 200 km in 5 h?

l When does the average velocity

become zero?

l A man used his car.  The initial   and

final odometer readings are 4849 and

5549 respectively. The journey time

is 25h.  What is his average speed

during  the journey?

Speed and Velocity

¨  Can you measure the speed and velocity?

¨ How can you differentiate average speed

     and average  velocity?

  Let us do some activities to undersand

about speed and velocity.

Activity-3

Measuring the speed

Choose two points (say A & B) 50

meters apart in the school play ground.  Ask

some students to stand at point A. Ask

another group of students with stop watches

to stand at B. When you clap your hand, the

students at A start running towards the point

B in any path. At the same time the students

at B start their stop watches.

See that for each runner there is a

student at B to measure the time taken for

completing the race. Note the time taken

by each student to cover the distance

between the points A and B in table-1.
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 ç|�jáÖDì+ºq yîTTÔáï+ <�ÖsÁ+
ç|�jáÖDì+ºq ¿±\+d�s�d�] e&�  =

d�s�d�] e&�, d�s�d�] yû>·+ nHû  Âs+&�T
uó�Ü¿£s�Xø�\T �¯�Ôá ¿±\+ýË ed�TïeÚ #á\H���
$e]kÍïsTT. ÿ¿£ �]Ýw�¼ d�eTjáT+ e<�Ý ed�TïeÚ
#á\H��� �$ $e]+#áýñeÚ.

�ýËº+#á+&� ̀  #á]Ì+#á+&�

ÿ¿£ ¿±sÁT 5 >·+³ýË¢ 200 ¿ì.MT. <�ÖsÁ+
ç|�jáÖDì�dï, <�� d�s�d�] e&� m+Ôá?
@ d�+<�sÁÒÛ+ýË d�s�d�] yû>·+ XøSq«eTeÚÔáT+~?
ÿ¿£ e«¿ìï ¿±sÁTýË 25 >·+³\T ç|�jáÖDì+#�&�T.
¿±sÁT z&ÃMT³sYýË Ô=*, ÔáT~ ¯&�+>·T\T
esÁTd�>± 4849 eT]jáTT 5549>± nsTTÔû
|�P]ï ç|�jáÖD+ýË nÔá� d�s�d�] e&� m+Ôá?

2.4 e&� eT]jáTT yû>·+
MTsÁT e&�, yû>·+\qT ¿=\e>·\s�?

d�s�d�] e&�, d�s�d�] yû>·+\ eT<ó�« uóñ<�+ @~?

e&�, yû>±\qT ne>±V�²q #ûd�T¿Ãe&��¿ì ¿ì+~
¿£�Ô�«\qT #û<�Ý+!

¿£�Ôá«+ ` 3

e&�� ¿=\e&�+
bÍsÄÁXæ\ �³d��\+ýË� 50MT³sÁ¢ eT<ó�« <�ÖsÁ+

>·\ Âs+&�T çbÍ+Ô�\qT A, B \qT >·T]ï+#á+&�.
|�]Â>Ôáïe\d¾q $<�«sÁT�\qT A çbÍ+Ôá+ e<�Ý, kÍ¼|ty�#Y
|�³T¼¿=� �q� $<�«sÁTÆ\qT B çbÍ+Ôá+ e<�Ý �+&�eTH�*.
#ûÜÔÃ MTsÁT Xø�Ý+ #ûjáT>±Hû A e<�Ý >·\ $<�«sÁT�\T B
yîÕ|�Ú |�]Â>Ôáï&�+ çbÍsÁ+_ókÍïsÁT. n<û d�eTjáT+ýË B e<�Ý
>·\ $<�«sÁT�\T kÍ¼|ty�#YqT �H� #ûkÍïsÁT.

A e<�ÝqT+&� |�sÁTÂ>ÔáTïÔáÖ ed�Tïq� ÿ¿=Ø¿£Ø
$<�«]�¿ì A qT+&� B¿ì >·\ <�Ös��� |�P]ï#ûjáTT³Å£�
|�{ì¼q ¿±ý²�� >·Dì+#á&��¿ì B e<�Ý ÿ¿=Ø¿£Ø $<�«]�
�+&û³³T¢ #áÖ&�+&�. A qT+&� �jáT\T<û]q
ç|�Ü$<�«]� B e<�ÝÅ£� #ûsÁ&��¿ì |�{ì¼q ¿±ý²��
|�{ì¼¿£̀ 1ýË qyîÖ<�T #ûjáT+&�.

d¾sÁÖÎsY ¿±>·CÙ q>·sY qT+&� U²J�|{ÙÅ£�,
U²J�|{Ù qT+&� �VÕ²<�s�u²<�Å£� eT]jáTT  d¾sÁÖÎsY
¿±>·CÙq>·sY qT+&� �VÕ²<�s�u²<�Å£� kÍ�qçuó�+Xø
d�~Xø\qT ^jáT+&�.

d¾sÁÖÎsY ¿±>·CÙq>·sY  qT+&� �VÕ²<�s�u²<�Å£� >·\
yîTTÔáï+ <�ÖsÁ+ 300  ¿ì.MT.  n�  uó²$<�Ý+.  ÂsÕ\T
ç|�jáÖDì+ºq ¿±\+ 6 >·+³\T nqT¿=+fñ, ÂsÕ\T
ç|�Ü >·+³ýË ç|�jáÖDì+ºq <�ÖsÁyîT+Ôá?

ç|�Ü >·+³ýË ÂsÕ\T ç|�jáÖDì+#û <�ÖsÁ+
  R 300  ¿ì. MT. /6 >·+³\TR50 ¿ì. MT./>·+³
ÂsÕ\T ç|�Ü >·+³ýËqÖ KºÌÔá+>± 50 ¿ì. MT.
ç|�jáÖDì+º+<�� MTsÁT #î|�Î>·\s�?

MTsÁT �d�à+<ûV�²+>± »¿±<�Tµ nHû d�eÖ<ó�q+
�kÍïsÁT. ¿±sÁD+, ÂsÕ\T ç|�Ü >·+³ýË ç|�jáÖDì+#û
<�ÖsÁ+ýË eÖsÁTÎ �+&�e#áTÌ. ¿£qT¿£ ç|�Ü >·+³ýË
ÂsÕ\T ç|�jáÖDì+#û d�s�d�] <�Ös�\ �<ó�sÁ+>± <��
d�s�d�] e&� � �sÁ�sTTkÍï+. ¿£qT¿£ ç|�eÖD ¿±\+ýË
ÿ¿£ ed�TïeÚ ç|�jáÖDì+#û <�Ös��� »»d�s�d�] e&�µµ
(Average Speed) n+{²+.

�|Õ �<�V�²sÁDýË  ¿±>·CÙq>·sY   qT+&�
�VÕ²<�s�u²<� esÁÅ£� #ûd¾q ç|�jáÖD+ýË ÂsÕ\T bõ+~q
kÍ�qçuó�+Xø+ d�TeÖsÁT>± (<�¿ì�D ` |�&�eTsÁ ~XøýË)
120 ¿ì.MT. �+<�qT¿=+fñ. ç|�Ü >·+³ýË ÂsÕ\T
bõ+~q kÍ�qçuó�+XøyîT+Ôá?
ÂsÕ\T ç|�Ü >·+³ýË bõ+~q kÍ�q çuó�+Xø+ R
120 ¿ì.MT./ 6 >·+³\T  (<�¿ì�D`|�&�eTsÁ)

R 20 ¿ì.MT./>·+.(<�¿ì�D`|�&�eTsÁ) Å£� d�eÖq+.
ç|�eÖD¿±\+ýË ÿ¿£ ed�TïeÚ bõ+~q kÍ�q

çuó�+Xæ�� d�s�d�] yû>·+(Average Velocity) n+{²+.
�~ Å£L&� ÿ¿£ d�~Xø. d�s�d�] yû>·+ kÍ�qçuó�+Xø
~XøýËHû �+³T+~.

yîTTÔáï+ kÍ�qçuó�+Xø+

  ç|�jáÖDì+ºq ¿±\+
d�s�d�]yû>·+  =
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Table -1

    Student  Time taken       Speed m/s

          to reach B (sec)

A
1

t
1
= s

1
=

A
2

t
2
= s

2
=

A
3

t
3
= s

3
=

The student  who took the least time to reach

B (from A) is said to be the fastest runner, i.e.,

he/she has the greatest speed.

2.4.1 Measuring the average
velocity

Repeat the whole activity after drawing

a set of parallel straight lines from A to B and

ask each student to run along a line (This

ensures that each student is covering the

same distance along a straight line specified

for him/her from A to B)

Measure the time taken by each student

and note it in a table-1 as shown above and

calculate the average velocity of each

student. The student who took the least time

to reach B from A along the line is said to

have run with the greatest velocity.

= What difference did you notice between

the two activities?

= Why are we calling the ratio of distance

and time as speed in first activity and as

velocity in second activity?

Discuss with your teacher.

2.4.2 Speed and Velocity

Objects in motion often have variations

in their speeds.  For example a car which

travels along a street at 50 km/h, get slowed

down to 0km/h at a red light and then attain

a speed of 30 km/h due to traffic on the

road.

l Can you find the speed of the car at a

particular instant of time?

You can tell the speed of the car at any

instant by looking at its speedometer. The

speed at any instant is called instantaneous

speed.

We can describe the motion of  a car

moving along a straight road with varying

speed using a distance – vs – time graph.

Along the horizontal axis we plot the

time elapsed in seconds, and along the

vertical axis the distance covered in metres.

A general case of motion with varying

speed is shown in fig.- 8.

Fig-8:Distance vs time graph

l What is the speed of the car at the

instant of time ‘ t
3
’ for given motion?

   We know how to find average speed

during the time interval from t
1
 to t

2
, which

includes the instant t
3
. It is

time

D
is

ta
nc

e

t
1

t
3 t

2

s
2

s
1

s
3

S
2
–S

1

 t
2
–t

1

Average speed  =
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d�s�d�] e&�  =
s

2
–s

1

 t
2
–t

1

|�{ì¼¿£̀ 5
 $<�«]�  B� #ûsÁT³Å£� |�{ì¼q ¿±\+(Sec)  e&�(m/s)

A
1

t
1
=     s

1
=

A
2

t
2
=     s

2
=

A
3

t
3
=     s

3
=

A qT+&� B¿ì @ $<�«]� nsTTÔû ÔáÅ£�Øe
d�eTjáT+ýË #ûsÁTÅ£�H��&Ã � $<�«]� nÔá«~ó¿£ e&��
¿£*ÐjáTTH��&�� Ôî\Td�TÅ£�+{²+.

2.4.1 d�s�d�] yû>±�� ¿=\e&�+
A qT+&� B¿ì eT<ó�« d�eÖ+ÔásÁ+>± esÁTd�\qT

^d¾ $<�«sÁT�\qT esÁTd�\ýË |�]Â>Ôûï $<ó�+>± �|Õq
#ûd¾q ¿£�Ô�«�� Ü]Ð �sÁÇV¾²+#á+&�. (nq>± ç|�Ü
$<�«]� A qT+&� B� #ûsÁT³Å£� d�eÖq <�Ös���,
Ôáq¹¿ ¹¿{²sTT+ºq esÁTd�\ýË |�]Â>Ôûïý² #áÖ&�*.)

ç|�Ü $<�«]� A qT+&� BÅ£� #ûsÁT³Å£� |�{ì¼q
d�eTjáÖ�� �|Õq d�Öº+ºq |�{ì¼¿£̀ 1ýË qyîÖ<�T
#ûd¾, ç|�Ü $<�«]� yû>±�� >·Dì+#á+&�. @ $<�«]� A
qT+&� B� ÔáÅ£�Øe d�eTjáT+ýË, �sÁ�sTT+ºq
esÁTd�\ýË |�]Â>Ô�ï&Ã � $<�«]� n~ó¿£ yû>±��
¿£*ÐjáTTH��&�� n+{²+.

�|Õ Âs+&�T ¿£�Ô�«\ýË MTsÁT @$T uóñ<���
>·T]ï+#�sÁT?
yîTT<�{ì ¿£�Ôá«+ýË <�ÖsÁ+ eT]jáTT ¿±ý²\
�w�ÎÜï� »e&�µ n�, Âs+&�e ¿£�Ôá«+ýË »yû>·+µ
n� m+<�TÅ£� nH��+?
MT �bÍ<ó�«jáTT�ÔÃ #á]Ì+#á+&�.

2.4.2 e&�̀  yû>·+
kÍ<ó�sÁD+>± #á\q+ýË �q� ed�TïeÚ\ e&�ýË

eÖsÁTÎ\T >·eT�d�Tï+{²+. �<�V�²sÁDÅ£� sÃ&�T¦�|Õ
50 ¿ì.MT./ >·+³ e&�ÔÃ ç|�jáÖDìd�Tïq� ÿ¿£ ¿±sÁT
e&� Âs&� d¾>·�ýÙ |�&�q|�Ú&�T 0 ¿ì.MT./>·+.Å£� #û]+~.
ç^H� d¾>·�ýÙ |�&�q Ôás�ÇÔá ¿±sÁT e&� 30¿ì.MT./>·+.
Å£� #ûsÁTÅ£�+<�� uó²$<�Ý+.

ÿ¿£  �]Ýw�¼  d�eTjáT+  <�>·ZsÁ  ¿±sÁT  e&�
m+ÔáT+³T+<Ã eTq+ Ôî\Td�T¿Ã>·\eÖ?
¿±sÁT ç|�jáÖDìd�Tïq�|�ð&�T @ d�eTjáT+ýËHîÕH�

<�� e&�� eTq+ d Ó Î&ÃMT³s YqT # áÖd ¾
�sÁ�sTT+#áe#áTÌ. ÿ¿£ �]Ýw�¼ d�eTjáT+ e<�Ý ed�Tï
e&��, Ôá¿£�D e&� (instantaneous speed) ýñ<� e&�
n+{²+.

ÿ¿£ ¿±sÁT e&�ýË eÖsÁTÎÅ£� ýËqeÚÔáÖ d�sÁÞø¹sU²
eÖsÁZ+ýË ç|�jáÖDìd�Tï+<�� nqTÅ£�+<�+. <�ÖsÁ+`
¿±\+ ç>±|�t <�Çs� d�sÁÞø¹sU² eÖsÁZ+ýË ç|�jáÖDì+#û
ed�Tï #á\H��� d�T\uó�+>± nsÁ�+ #ûd�T¿Ãe#áTÌ.

ç>±|�t �||�sY�|Õ x-n¿£�+ yî+�&� ¿±ý²��, y-

n¿£�+ yî+�&� <�Ös��� rd�T¿=� ç>±|�t ^jáT+&�.
(�dØ\T �sÁ�sTT+#á+&�)

|�³+ 8ýË kÍ<ó�sÁD ed�Tï #á\H���  (e&�
eÖ¹s #á\H���) #áÖ�| <�ÖsÁ+`¿±\+ ç>±|�tqT
|�]o*+#á+&�.

¿±\+

<�Ö
sÁ+

t
1

t
3 t

2

s
2

s
1

s
3

|�³+`8 : <�ÖsÁ+`¿±\+ ç>±|�t

 t
3 
d�eTjáT+ e<�Ý ¿±sÁT e&� (Ôá¿£�De&�) m+Ôá?
t

1
 eT]jáTT t

2
 ¿±ý²\ eT<ó�« d�s�d�] e&�

�sÁ�sTT+#á&�+ eTqÅ£� Ôî\Td�T. (� ¿±\e«e~óýË
t

3
 Å£L&� �+~.)
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Think and discuss

Observe the following diagram and

try to draw tangents (velocity vector) to the

curve at different points. Does the direction

of velocity of body remain constant or not?

l Very often you must have seen traffic

police stopping motorists or scooter

drivers who drive fast and fine them.

Does fine for speeding depend on

average speed or instantaneous

speed? Explain.

l One airplane travels due north at 300

km/h and another airplane travels due

south at 300 km/h   Are their speeds

the same?  Are their velocities the

same? Explain.

l The speedometer of the car indicates

a constant reading. Is the car in

uniform motion? Explain.

Activity-4

Observing the direction of  motion of a

body

Carefully whirl a small object or stone

tied at the end of the string in the horizontal

plane.  Release the object while it is

whirling on the string.

Then we calculate average speed  for a

very short time interval  encompassing the

time at an instant t
3
.  This interval is so short

interval, that the value of  average speed

would not change materially if it was made

even shorter. The instantaneous speed is

represented by the slope of the curve at a

given instant of time.   The slope of the curve

gives speed of the car at that instant.  If the

slope is large, speed is high and if the slope

is small, speed is low.

Speed gives the idea of how fast the

body moves. In general, bodies move in a

particular direction at an instant of interest

and this direction may not be constant

throughout the journey.  So we need to

define another quantity called “Velocity”.

Velocity is the  speed of an  object in a

specified direction.

For Example :

A car moves with 15 m/s due east. Here

15 m/s is speed and 15 m/s due east is velocity.

Fig-9

Velocity gives the idea of how fast the

body moves in specified direction. Velocity

is a vector.  It can be represented by a directed

line segment. Its length indicates speed and

arrow gives the direction of motion.

If a body moves in a curved path, the

tangent drawn at a point on the curve gives

direction of velocity at that instant.

v

N

Fig-10:Direction of velocity at a

point of path
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¿ì+~ |�{²�� |�]o*+#á+&�. � eç¿£ ¹sK�|Õ
yû¹sÇsÁT _+<�TeÚ\ e<�Ý d�ÎsÁô¹sK (yû>·d�~Xø)\qT
^jáT+&�. ed�TïeÚ yû>·~Xø  eÖsÁTÔáÖ �+<� ýñ¿£
d¾�sÁ+>± �+<�?

|�³+`10 : ed�Tï >·eTq eÖsÁZ+ýË
ÿ¿£ _+<�TeÚ e<�Ý yû>·~Xø

sÃ&�T¦�|Õ nÜ yû>·+ÔÃ ç|�jáÖDì+#û y�V�²q
<�sÁT\Å£� bþ©d�T\T È]eÖH� $~ó+#á&�+ MTsÁT
>·eT�+º �+{²sÁT. � È]eÖH� y�] e&�
�<ó�sÁ+>± $~ókÍïs�? ýñ<� d�s�d�]  e&�
�<ó�sÁ+>± $~ókÍïs�? $e]+#á+&�.
ÿ¿£ $eÖq+ �ÔáïsÁ ~XøýË 300 ¿ì.MT./>·+.
yû>·+ÔÃqÖ, eTs=¿£ $eÖq+ <�¿ì�D ~XøýË
300 ¿ì.MT./>·+ yû>·+ÔÃqÖ ç|�jáÖDìd�Tïq�$.
y�{ì e&�T\T d�eÖqeÖ? ýñ<� yû>±\T
d�eÖqeÖ? $e]+#á+&�.
#á\q+ýË >·\ ÿ¿£ ¿±sÁTýË� dÓÎ&ÃMT³sÁT d¾�sÁ
$\TeqT #áÖ|�ÚÔáT+~. B� �<ó�sÁ+>± ¿±sÁT
d¾ �sÁ yû>·+ÔÃ #á*d�Tï+<�� #î|�Î>·\eÖ?
$e]+#á+&�.

¿£�Ôá«+ - 4

ed�TïeÚ #á\q ~XøqT  |�]o*+#áT³
ÿ¿£ Ô�&�T ºesÁ ÿ¿£ s�sTT ýñ<� @<îÕH�

ed�TïeÚqT ¿£{ì¼ Ô�&�T Âs+&�e ºesÁqT |�³T¼¿=� ¿ì�ÜÈ
d�eÖ+ÔásÁ Ôá\+ýË >·T+ç&�+>± Ü|�Î+&�. ný²
Ü|�ÚÎÔáÖ Ô�&�TqT $&�º�|³¼+&�.

t
3 
d�eTjáÖ�� Å£L&� ¿£\T|�Ú¿=� �+&û nÜ

ºq� ¿±\ e«e~ó¿ ì eTq+ d�s�d �] e&��
¿£qT>=+<�+. eTq+ |�]>·Dì+#û d�eTjáT+ m+Ôá
ÔáÅ£�Øe d�eTjáTeT+fñ, n+Ôá¿£+fñ ÔáÅ£�Øe d�eTjáÖ��
|�]>·Dì+ºH� d�s�d�] e&� $\Te eÖsÁ<�T. ¿±\
e«e~ó  d�Ç\ÎeTjûT« ¿=BÝ ¿±sÁT d�s�d�] e&� $\Te
ÿ¿£ �]Ýw� ¼ $\TeÅ£� #ûsÁT¿=+³T+~. n~ �
d�eTjáT+e<�Ý Ôá¿£�D e&�� #áÖ|�ÚÔáT+~. ç>±|�t y�\T
� d�eTjáT+ýË ¿±sÁT e&�� Ôî\T|�ÚÔáT+~. y�\T
�|]ÐÔû e&� �|sÁT>·TÔáT+~. y�\T ÔáÐZÔû e&�
Ôá>·TZÔáT+~.

ed�TïeÚ kÍ �q+ýË eÖsÁTÎ m+Ôá ÔáÇs Á>±
ÈsÁT>·TÔáT+<Ã nHû $w�jáT+ eTqÅ£� e&� <�Çs�
Ôî\Td�Tï+~. kÍ<ó�sÁD+>± ed�TïeÚ ÿ¿£ d�eTjáT+ e<�Ý
�]Ýw�¼ ~XøýË ç|�jáÖDìd�Tï+~. yîTTÔáï+ ç|�jáÖD+ýË
� ~Xø d¾�sÁ+>± �+&�¿£ bþe#áTÌ. ¿£qT¿£ ed�TïeÚ
#á\H��� <�� ~XøÔÃ $e]+#�\+fñ eTq+ eTs=¿£
uó�Ü¿£s�¥� �sÁÇº+#áe\d¾q ned�sÁ+ �+~.

ÿ¿£ �]Ýw�¼ ~XøýË ed�TïeÚÅ£� >·\ e&�Hû yû>·+
n+{²+.

�<�V�²sÁDÅ£� ÿ¿£ ¿±sÁT ÔáÖsÁTÎ ~XøýË 15
MT/�d yû>·+ÔÃ ¿£<�T\TÔÃ+~ nqTÅ£�+<�+! B�ýË
15 MT/�d nHû~ e&� nú ÔáÖsÁTÎ ~XøýË 15 MT/�d
nHû <��� yû>·+ nú n+{²+.

v N

|�³+`9

yû>·+ nHû~ ÿ¿£ �]Ýw�¼ ~XøýË ed�TïeÚ kÍ�q+ýË
eÖsÁTÎ  m+Ôá ÔáÇsÁ>± ÈsÁT>·TÔáT+<Ã Ôî\T|�ÚÔáT+~.
¿±eÚq yû>·+ nHû~ ÿ¿£ d�~Xø s�¥. B�� ~Xø >·\
¹sU²K+&�+ÔÃ d�Öº+#áe#áTÌ. � ¹sU²K+&�+ bõ&�eÚ
e&�� Ôî\T|�ÚÔáT+~,  <�� u²D+ >·TsÁTï #á\q ~XøqT
Ôî\T|�ÚÔáT+~.

ÿ¿£ ed�TïeÚ eç¿£eÖsÁZ+ýË ç|�jáÖDìd�Tï+<��
nqTÅ£�+<�+. � eç¿£+�|Õ @<îÕH� _+<�TeÚ e<�Ý ̂ d¾q
d�ÎsÁô¹sK � d�eTjáT+ýË ed�TïeÚ yû>±�� Ôî\T|�ÚÔáT+~.

�ýËº+#á+&� ̀  #á]Ì+#á+&�
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l In what direction does it move?

Try to release the object at different

points on the circle and observe the

direction of motion of object after it has

been released from the string.

You will notice that the object moves

on a straight-line along the tangent to the

circle at the point where you released it.

The direction of velocity is tangent to the

path at a point of interest.

The SI unit of velocity is metre/sec.

In our daily life we must have observed

many motions where, in some cases the

velocity of an object which is in motion is

constant but in other cases it continuously

changes.

l Which  motion is called uniform?

Why?

Let us find out.

2.5 Uniform motion

Activity-5

Understanding uniform motion

Consider a cyclist moving on a straight

road. The distance covered by him with

respect to time is given in the following

table. Draw distance vs time graph for the

given values in the table2.

Table -2

Time    Distance

(t in seconds) (s in metres)

0 0

1 4

2 8

3 12

4 16

l What is the shape of the graph?

You will get a graph which resembles

the graph shown in fig-11.

Fig-11

The straight line graph shows that the

cyclist covers equal distances in equal

intervals of time. From the graph you can

understand that the instantaneous speed is

equal to average speed. If the direction of

motion of the cyclist is assumed as

constant then we conclude that velocity is

constant.

"The motion of the body is said to be

uniform when its velocity is constant."

2.6 Non uniform motion

In our daily life in many situations

when a body is in motion, its velocity

changes with time. Let us observe the

following example.

Consider a cyclist moving on a straight

road. The distance covered by him with

respect to time is given in the following

table. Draw distance vs time graph for the

values given in table 3.
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MTsÁT ^d¾q ç>±|�t @ �¿±sÁ+ýË �+~?

MTsÁT |�³+`11ýË #áÖ|¾q ç>±|�tqT bþ*
�+&û ç>±|�tqT bõ+~ �+{²sÁT.

|�³+`11

|�³+ ̀  11ýË d�sÁÞø ¹sU² sÁÖ|�+ýË >·\ ç>±|�t
|�]o*�dï �dÕ¿ìýÙ�|Õ ç|�jáÖDì+#û e«¿ìï d�eÖq ¿±\
e«e<ó�TýË¢ d�eÖq <�Ös�\T ç|�jáÖDì+#�&��
Ôî\Td�Tï+~. n<û$<ó�+>± ç>±|�t qT+&� nÔá� d�s�d�]
e&� Ôá¿ £ �D e&�¿ì d�eÖqeT� MTs ÁT nsÁ �+
#ûd�T¿Ãe#áTÌ. �dÕ¿ìýÙ�|Õ yîÞâß e«¿ìï #á\q ~Xø d¾�sÁeT�
eTq+ uó²$�dï nÔá� yû>·+ d¾�sÁeT� #î|�Îe#áTÌ.

ÿ¿£ ed�TïeÚ d¾�sÁ yû>·+ÔÃ #á*d�Öï �+fñ
�#á\H��� »»d�eT#á\q+µµ n+{²+.

2.6 nd�eT #á\q+
eTq �Ôá«J$Ôá+ýË $$<ó� d�+<�s�ÒÛ\ýË  ed�TïeÚ

yû>·+  �sÁ+ÔásÁ+  eÖsÁTÔáT+&�³+  eTq+
>·eT�d�Tï+{²+. �|�ð&�T ÿ¿£ �<�V�²s ÁDqT
|�]o*<�Ý+.

ÿ¿£ e«¿ì ï �dÕ¿ìýÙ �|Õ d�sÁÞø ¹sU²eÖsÁ Z+ýË
ç|�jáÖDìd�TïH��&�qTÅ£�+<�+. |�{ì¼¿£ `3ýË nÔá&�T
$$<ó� d�eTjáÖýË¢ ç|�jáÖDì+ºq <�Ös�\qT �eÇ³+
È]Ð+~. � d�eÖ#�s��� �|�jîÖÐ+º <�ÖsÁ+ ̀
¿±\+ ç>±|�t ^jáT+&�.

<��¿ì ¿£{ì¼q ed�TïeÚ @ ~XøýË #á*d�Tï+~?
� ed�TïeÚqT eTsÁý² n<û eÖ~]>± Ü|�ÚÎÔáÖ

e�Ôáï+ýË yûsÁT yûsÁT _+<�TeÚ\ e<�Ý qT+&� Ô�&�TqT
e<�\+&�. Ô�&�TqT $&�º�|fñ¼ ç|�Ü d�+<�sÁÒÛ+ýË
ed�TïeÚ jîTT¿£Ø #á\q~XøqT >·eT�+#á+&�.

e�Ô�ï¿±sÁ eÖsÁZ+ýË MTsÁT e~*q _+<�TeÚ
e<�Ý ^d¾q d�ÎsÁô¹sK ~XøýË � ed�TïeÚ #á*+#á³+
MTsÁT >·eT�kÍïsÁT. ¿±eÚq e�Ô�ï¿±sÁ eÖsÁZ+ýË
#á*+#û ÿ¿£ ed�TïeÚ yû>·~Xø � e�Ô�ï�¿ì @<îÕH�
_+<�TeÚ e<�Ý ^d¾q d�ÎsÁô¹sK ~XøýË �+³T+~.
n+fñ ed�TïeÚ yû>·~Xø <�� #á\q~Xø neÚÔáT+~.

yû>±�¿ì SI ç|�eÖD+ MT/�d.
eTq+ �Ôá« J$Ôá+ýË mHÃ� sÁ¿±\ #á\H�\qT

#áÖd�Öï �+{²+. n+<�TýË ¿=�� #á\H�\T yû>·+ýË
eÖsÁTÎýñ�$, eT] ¿=��  #á\H�\T �sÁ+ÔásÁ+
yû>·+ýË eÖsÁTÎ d�+uó�$+#û$>± �+{²sTT.

@ sÁ¿£yîT®q #á\H��� d�eT#á\q+ n+{²s?
m+<�TÅ£�? ¿£qT>=+<�+.

2.5 d�eT#á\q+ (Uniform motion)

¿£�Ôá«+ - 5

d�eT#á\H��� ne>±V�²q #ûd�T¿Ãe&�+
ÿ¿£ e«¿ìï �dÕ¿ìýÙ�|Õ sÃ&�T¦ MT<� d�sÁÞø¹sU² eÖsÁZ+ýË

ç| �jáÖDìd �T ïH��&�qTÅ £�+<�+. nÔá&�T $$<ó �
d�eTjáÖýË¢ ç|�jáÖDì+ºq <�Ös�\qT  |�{ì¼¿£ 2ýË
�eÇ&�+ È]Ð+~. � d�eÖ#�s��� �|�jîÖÐ+º
<�ÖsÁ+ ` ¿±\+ ç>±|�tqT ^jáT+&�.

|�{ì¼¿£̀ 2

¿±\+ (t, �d¿£qTýË¢)   <�ÖsÁ+ (s, MT³sÁ¢ýË¢)

0 0
1 4
2 8
3 12
4 16
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Fig-13:Ball moving up

the inclined plane

Table-3

Time Distance

(t in seconds) (s in metres)

0 0

1 1

2 4

3 9

4 16

-- --

l What is the shape of the graph?

l Is it a straight line or not? Why?

Activity-6

Observing the motion of a ball on an

inclined plane

Fig-12:Ball moving down

the inclined plane

Set up an inclined plane as shown in

fig.- 12.  Take a ball and release it from

the top of the inclined plane.  The positions

of the ball at various times are shown in

fig.-12.

l What is the path of the ball on the

inclined plane?

t=0s
t=1s

t=2s

t=2s
t=1s

t=0s

l How does the velocity of the ball

change?

Draw velocity vectors in fig.- 12 at

times t=0s, 1s and 2s.

On close observation we find that when

the ball moves down the inclined plane its

speed increases gradually, and the direction

of motion remains constant.

Set up an inclined plane as shown in

fig.-13.  Take a ball and push it with a speed

from the bottom of the inclined plane so

that it moves up.

l What is the path of the ball?

l What happens to its speed?

Draw velocity vectors at times  t=0s,

1s, 2s in fig.--13.

In above two situations of activity-6,

we observe that the speed changes but the

direction of motion remains constant.

Activity-7

Observing uniform circular motion

Whirl a stone which is tied to the end

of a string continuously. Draw its path of

motion and velocity vectors at different

positions as shown in the fig.- 14.  Assume

that the speed of the stone is constant.
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�+Ü yû>· mý² eÖsÁTÔáT+~?

|�³+ 12ýË  t = 0 �d, 1 �d, 2 �d e<�Ý yû>·
d�~Xø\qT ^jáT+&�.

y�\TÔá\+�|Õ ¿ì+<�Å£� C²¹s �+Ü e&� ç¿£eT+>±
�|sÁT>·TÔáT+<��, �+Ü #á\q ~Xø d¾�sÁ+>± �+<��
eTq+ >·eT�+#á>·\+.

|�³+ 13ýË #áÖ|¾q $<ó�+>± y�\T Ôáý²��
@sÁÎsÁ#á+&�. �+Ü� rd�TÅ£�� n~ ¿=+Ôá e&�
bõ+<û³³T¢>± y�\T Ôá\+ ¿ì+~ uó²>·+ qT+&� �|Õ¿ì
Hî³¼+&�.

|�³+`13 : y�\T Ôá\+ ¿ì+~ qT+&� �|Õ¿ì
¿£<�T\TÔáTq� �+Ü

<�� eÖsÁZ+ mý² �+³T+~?

<�� e&�ýË mý²+{ì eÖsÁTÎqT MTs ÁT
>·eT�kÍïsÁT?

|�³+ 13ýË t = 0 �d., 1 �d., 2 �d.\ e<�Ý yû>·
d�~Xø\qT ^jáT+&�.

¿£�Ôá«+ 6ýË� Âs+&�T d�+<�s�ÒÛýË¢qÖ �+Ü e&�
eÖsÁTÔáÖ �+&�&���, <�� #á\q ~Xø d¾�sÁ+>±
�+&�{²��  MTsÁT >·eT�+#áe#áTÌ.

¿£�Ôá«+ - 7

d�eTe�Ô�ï¿±sÁ #á\H��� |�]o*+#áT³

ÿ¿£ ºq� s�sTT� Ô�&�T¿ì ¿£{ì¼ ¿ì�ÜÈ d�eÖ+ÔásÁ
Ôá\+ýË Ü|�Î+&�. |�³+ 14ýË #áÖ|¾q³T¢ s�sTT
#á\q eÖs�Z��, $$<ó� kÍ�H�\ýË yû>· d�~Xø\qT
^jáT+&�. s�sTT e&� d¾�sÁeT� uó²$+#á+&�.

|�{ì¼¿£ ` 3

  ¿±\+ (t, �d¿£qTýË¢)   <�ÖsÁ+ (s, MT³sÁ¢ýË¢)

0 0

1 1

2 4

3 9

4 16

` `

MTsÁT ^d¾q ç>±|�t @ �¿£�Ü ýË �+~?

� ç>±|�t d�sÁÞø¹sU² sÁÖ|�+ýË �+<�? ýñ¿£
eT¹s<îÕH� ¹sK ý²>± �+<�? m+<�TÅ£�?

¿£�Ôá«+ - 6

y�\T Ôá\+�|Õ �+Ü #á\H��� >·eT�+#áT³

|�³+`12  : y�\T Ôá\+�|Õ qT+&� ¿ì+<�Å£�
¿£<�T\TÔáTq� �+Ü

|�³+ 12ýË #áÖ|¾q $<ó�+>± y�\T Ôáý²��
@s�Î³T #ûjáT+&�. ÿ¿£ �+Ü� rd�T¿=�, y�\T
Ôá\+�|Õ ºesÁ qT+&� e~*yûjáT+&�. |�³+ 12ýË
$$<ó� d�eTjáÖ\ e<�Ý �+Ü kÍ�H�\qT #áÖ|�³+
È]Ð+~.

y�\TÔá\+�|Õ �+Ü ç|�jáÖDì+ºq eÖsÁZ+ �¿£�Ü
@$T{ì?

t = 0 �d
t=1�d

t=2 �d

t=2�d
t=1�d

t=0�d
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l What is the path of the stone?

It is clear that the path is a circle and

the direction of velocity changes at every

instant of time but the speed is constant.

Hence in this activity we observe that

though speed remains constant, its velocity

changes.

l Can you give few examples for motion

of an object where its speed remains

constant but velocity changes?

Activity-8

Observing the motion of an object

thrown into air

Throw a stone into the air while making

some angle with the horizontal.  Observe

the path taken by it.  Draw a diagram to

show its path and velocity vectors.

l Is the speed of the stone uniform?

Why?

l Is the direction of motion constant?

How?

In the above activity you might have

noticed that the speed and direction of

motion both change continuously.

l Can you give some more examples

where speed and direction

simultaneously change?

From the above three activities you can

conclude that the change in velocity takes

place in three ways.

1. Speed changes with direction remaining

constant.

2. Direction of motion changes with

speed remaining constant.

3. Both direction and speed change

simultaneously.

"Motion of an object is said to be non-

uniform when its velocity is changing."

l An ant is moving on the surface of a

ball.  Does it’s velocity change or not?

Explain.

l Give an example of motion where

there is a change only in speed but no

change in direction of motion.

2.7 Acceleration

We can change the velocity of an object

by changing its speed or its direction of

motion or both. In either case the body is

said to be accelerated. Acceleration gives

an idea how quickly the velocity of a body

is changing.

l What is acceleration? How can we

know that a body is accelerating?

We experience acceleration many

times in our day to day activities. For

example, if we are travelling in a bus or a

car, when the driver presses the accelerator,

the passengers sitting in the bus experience

acceleration. Our bodies press against the

seat due to the acceleration.

v

v

v

v

v

v

v

v

Fig-14

Think and discuss
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|�³+`14
s�sTT #á\q eÖsÁZ+ @ �¿±sÁ+ýË �+~?
s�sTT e�Ô�ï¿±sÁ eÖsÁZ+ýË #á*d�Tï+<�� , <��

yû>·~Xø �sÁ+ÔásÁ+>± eÖsÁTÔáT+<�� MTsÁT >·eT�+º
�+{²sÁT.  ¿±� s�sTT e&� eÖçÔá+ d¾�sÁ+>±
�+³T+~.

ed�TïeÚ e�Ô�ï¿±sÁ eÖsÁZ+ýË #á*d�Tïq�|�ÚÎ&�T <��
e&� d¾�sÁ+>± �H�� , yû>· ~Xø eÖçÔá+ �sÁ+ÔásÁ+
eÖsÁTÔáT+~. ¿±eÚq yû>·+ d¾�sÁ+>± ýñ<�� Ôî\Td�Tï+~.

e&� d¾�sÁ+>± �+&�, yû>·+ �sÁ+ÔásÁ+>± eÖ¹s
d�+<�s�ÒÛ\Å£� ¿=�� �<�V�²sÁD*eÇ>·\s�?

¿£�Ôá«+ - 8
>±*ýË¿ì $d�]q s�sTT #á\H��� >·eT�+#áT³

¿ì�ÜÈ Ôá\+ÔÃ ¿=+Ôá ¿ÃD+ #û�d $<ó�+>± ÿ¿£
s�sTT�  $d�sÁ+&�.  n~  mý² #á*d�Tï+<Ã
|�]o*+#á+&�. <�� eÖs�Z�� eT]jáTT yû>· d�~Xø\qT
#áÖ�| |�{²�� ^jáT+&�.

� #á\q+ýË s�sTT e&� d¾�sÁeÖ? m+<�TÅ£�?
s�sTT #á\q~Xø d¾�sÁ+>± �+³T+<�? mý²
#î|�Î>·\eÚ?
�|Õ ¿£�Ôá«+ýË s�sTT e&�, #á\q~Xø\T Âs+&�Ö

Å£L&� �sÁ+ÔásÁ+ eÖsÁTÔáTH��jáT� MTsÁT >·T]ï+#�sÁT
¿£<�!

e&�, #á\q ~Xø\T Âs+&�Ö �sÁ+ÔásÁ+ eÖ¹s
#á\H�\Å£� ¿=�� �<�V�²sÁD\T �eÇ>·\s�?

�|Õ eTÖ&�T ¿£�Ô�«\ qT+&�, yû>·+ýË eÖsÁTÎ
eTÖ&�TsÁ¿±\T>± d�+uó�$+#áe#áÌ� eTq+ #î|�Îe#áTÌ.

1. #á\q ~Xø d¾�sÁ+>± eÚ+³Ö, e&� eÖsÁ³+.
2. e&� d¾�sÁ+>± eÚ+³Ö, #á\q ~Xø eÖsÁ³+.
3. e&�, #á\q ~Xø\T Âs+&�Ö eÖsÁ³+.
ÿ¿£ ed�Tï yû>·+ýË eÖsÁTÎ d�+uó�$+ºq³¢sTTÔû,

� ed�TïeÚ nd�eT#á\q+ýË �+<�� n+{²+.

ÿ¿£ NeT �+Ü �|�]Ôá\+�|Õ ¿£<�T\TÔáT+~.  <��
yû>·+ d¾�sÁeÖ? nd¾�sÁeÖ? $e]+#á+&�.
e&� eÖsÁTÔáÖ #á\q~XøýË eÖsÁTÎýñ� #á\H���
d�Öº+#û d�+<�s�ÒÛ\Å£� ÿ¿£ �<�V�²sÁD �eÇ+&�.

2.7 ÔáÇsÁD+
ÿ¿£ ed�TïeÚ e&�� eÖsÁÌ&�+ <�Çs� ýñ<�

#á\q~XøqT eÖsÁÌ&�+ <�Çs� ýñ<� e&�, #á\q~Xø
Âs+&�+{ì� eÖsÁÌ&�+ <�Çs� eTq+ <�� yû>·+ýË
eÖsÁTÎ rd�TÅ£�s�e#áTÌ. �|Õ eTÖ&�T � d�+<�s�ÒÛ\ýË
d�Öº+ºq eÖsÁTÎ\ýË @ eÖsÁTÎ È]ÐH� ed�TïeÚ
ÔáÇsÁD²�� bõ+~+<�+{²+. ÔáÇsÁD+ nHû~ ÿ¿£ ed�TïeÚ
jîTT¿£Ø yû>·+ýË eÖsÁTÎ m+Ôá ÔáÇsÁ>± ÈsÁT>·TÔáT+<Ã
Ôî*jáTCñd�Tï+~.

»»ÔáÇsÁD+µµ n+fñ @$T{ì? ÿ¿£ ed�TïeÚ ÔáÇsÁD+ýË
eÚ+<�� eTq+  mý² Ôî\Td�T¿Ã>·\+?
�Ôá«J$Ôá+ýË eTq+ ÔáÇsÁD²�� nHû¿£

d�+<�s�ÒÛ\ýË >·eT�kÍï+. �<�V�²sÁDÅ£� eTq+
y�V�²H�ýË¢ ç|�jáÖDì+#û³|�ÚÎ&�T �d�Tà ç&îÕesÁT
jáÖ¿ìàý¹s³sYqT Ô=¿ìØÔû eTq+ yîqT¿£Å£� |�&�Ô�+,
eTq+ bõ+~q ÔáÇsÁD+ e\q eTq+ Å£Ls=Ìq�
dÓ³¢qT Xø̄ sÁ+ >·{ì¼>± yîqT¿£Å£� H=Å£�ØÔáT+~. �
$<ó�+>± ÔáÇsÁD+ eTq nqTuó�e+ýË¿ì ed�Tï+~.

v

v

v

v

v

v

v

v
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Think and discuss

Suppose we are driving a car in a given

direction. Let us steadily increase the

velocity from 30 km/h to 35 km/h in 1sec

and then 35 km/h to 40 km/h in the next

second and so on.

In the above case the velocity of the

car is increasing  5 km/hr. This rate of

change of velocity of an object is called

acceleration.

Acceleration is uniform when

equal changes of velocity occur in equal

intervals of time.  Uniform acceleration is

the ratio of change in velocity to time

taken.

The term acceleration not only applies

to increasing velocity but also to

decreasing velocity. For example when we

apply brakes to a car in motion, its velocity

decreases continuously. We call this as

deceleration. We can observe the

deceleration of a stone thrown up vertically

into the air and similarly we can experience

deceleration when a moving train comes to

rest.

Let us suppose that we are moving

in a curved path in a bus. As the bus travels

along the curved path its velocity direction

changes continuosly. So we also get

acularation with the but. We experience

acceleration that pushes us towards the

outer part of the curve.

Observe fig-15. The motion of an

object in a curved path at different instants

is shown as a motion diagram.  The length

of the vector at a particular point

corresponds to the magnitude of velocity

(speed) at that point and arrow indicates

direction of motion at every instant.

l At which point is the speed maximum?

l Does the object in motion possess

acceleration or not?

We distinguish speed and velocity for

this reason and define  'acceleration' as the

rate at which velocity changes, there by

encompassing changes both in speed and

direction.

Acceleration is also a vector and is

directed along the direction of change in

velocity.

The SI unit of acceleration is m/s2

l What is the acceleration of a race car

that moves at constant velocity of 300

km/h ?

l Which has the greater acceleration, an

airplane, that goes from 1000 km/h to

1005 km/h in 10s or a skateboard that

goes from zero to 5km/h in 1 second?

A

B
C

Fig-15: Motion diagram
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eTq+ ÿ¿ £ ¿±s Á TqT �] Ýw � ¼  ~X øýË
q&�T|�ÚÔáTH��eTqTÅ£�+<�+. � ¿±sÁT yû>±�� ÿ¿£
�d¿£qTýË 30 ¿ì.MT./>·+. qT+&� 35 ¿ì.MT./>·+.Å£�,
Ôás�ÇÔá �d¿£qTýË 35 ¿ì.MT./>·+. qT+&� 40 ¿ì.MT./
>·+.Å£�, n<û ç¿£eT+ýË ç|�Ü  �d¿£qT <�� yû>±��
�|+#áTÔáTH��eTqTÅ£�+<�+.

�|Õ d�+<�sÁÒÛ+ýË  ¿±sÁT  yû>·+  ç|�Ü �d¿£qTÅ£�
5¿ì.MT./>·+. #=|�ÚÎq �|sÁT>·TÔáT+~.  � $<ó�+>±
ÿ¿£ ed�TïeÚ  yû>·+ýË eÖsÁTÎ ¹s³THû ÔáÇsÁD+ (ac-

celeration) n+{²+.

�]Ýw�¼ ¿±\ e«e<ó�TýË¢ ÿ¿£ ed�TïeÚ yû>·+ýË
eÖsÁTÎ\T d�eÖq+>± �+fñ, � ed�TïeÚ ÔáÇsÁD²��
d�eTÔáÇsÁD+ (Uniform acceleration) n+{²+.
d�eTÔáÇsÁD²�� yû>·+ýË eÖsÁTÎ, eÖsÁTÎ s�e&��¿ì
|�{ì¼q ¿±ý²\ �w�ÎÜï>± Ôî\T|�ÚÔ�+.

ÔáÇsÁD+ nHû |�<���  yû>·+ýË �|sÁT>·T<�\¹¿
¿±¿£ Ôá>·TZ<�\Å£� Å£L&� $�jîÖÐkÍï+. �<�V�²sÁDÅ£�
¿±sÁTÅ£� çuñÅ£�\T yûd¾q|�ð&�T <�� yû>·+ Ôá>·TZÔáT+~.
n|�ÚÎ&�T Å£L&� ¿±sÁT ÔáÇsÁD+ýË �+<�� n+{²+.
�³Te+{ì d�+<�sÁÒÛ+ýË ÔáÇsÁD²�� kÍ<ó�sÁD+>±
�TTDÔáÇsÁD+ n+{²+.  eTq+ ÿ¿£ �+Ü� >±*ýË¿ì
�³¼�\TeÚ>± �|Õ¿ì $d¾]q|�Ú&�T �+Ü �TTDÔáÇsÁD²��
bõ+<�&�+ >·eT�+#áe#áTÌ. ný²¹> ÂsÕ\T�+&� �¹>
d�+<�s�ÒÛýË¢qÖ �TTDÔáÇsÁD²�� >·eT�+#áe#áTÌ.

eç¿£ eÖsÁZ+ýË yîÞø�ïq� ÿ¿£ �d�TàýË eTq+
�H��eTqTÅ£�+<�+. �d�Tà eç¿£ eÖsÁZ+>·T+&�
ç|�jáÖDìd�Tïq�|�ÚÎ&�T <�� yû>·~Xø �sÁ+ÔásÁ+>±
eÖsÁTÔáÖ �+³T+~. n+<�Te\¢ �d�TàÔÃ bÍ³T
eTq+ Å£L&� ÔáÇsÁD²�� bõ+<�TÔ�+. B� ç|�uó²e+
e\ ¢ eTq+ eç¿ £eÖs� Z�¿ ì  �já T³ y î Õ| � Ú
$d�]yûjáT�&�q nqTuó�ÖÜ� bõ+<�TÔ�+.

|�³+ `15qT >·eT�+#á+&�. |�³+ýË
eç¿£eÖsÁZ+ýË ç|�jáÖDì+#û ed�Tï #á\H��� #áÖ|�&�+
È]Ð+~. n+<�TýË $$<ó� d�eTjáÖ\ e<�Ý yû>·
~Xø\qT #áÖ|�&�+ È]Ð+~. ç|�Ü _+<�TeÚ e<�Ý ̂ d¾q
d�~Xø jîTT¿£Ø bõ&�eÚ e&��, u²D|�Ú ~Xø #á\q~XøqT
Ôî\T|�ÚÔáT+~.

|�³+`15 : yû>·+ýË eÖsÁTÎ\qT Ôî\T|�Ú #á\q |�³+

ed�TïeÚ e&� @ _+<�TeÚ e<�Ý >·]w� ¼+>±
�+~?
ed�TïeÚÅ£� ÔáÇsÁD+ �q�<�? ýñ<�? mý²
#î|�Î>·\eÚ?

ÔáÇsÁD²�� eTq+ yû>·+ýË eÖsÁTÎ ¹s³T>±
�sÁÇº+#�+. yû>·eTHû s�¥ e&� eT]jáTT #á\q
~Xø nHû Âs+&�T n+Xæ\qT $e]d�Tï+~. ¿±eÚq
ÔáÇsÁD+ nHû~ e&� eT]jáTT #á\q ~XøýË ¿£*¹>
eÖsÁTÎqT $e]d�Tï+~.

ÔáÇsÁD+ ÿ¿£ d�~Xø. B� ~Xø yû>·+ýË eÖsÁTÎ
~XøýË eÚ+³T+~.

ÔáÇsÁD²�¿ì SI ç|�eÖD+ MT/�d2.

300 ¿ì.MT./>·+. d¾�sÁ yû>·+ÔÃ #á*+#û ¿±sÁT
ÔáÇsÁDyîT+Ôá?
ÿ¿£ $eÖq+ yû>·+ 1000 ¿ì.MT./>·+. qT+&�
1005 ¿ì.MT./>·+. Å£� #ûsÁ{²�¿ì 10 �dÅ£qT\T
|�{ì¼+~. �dØ{ì+>́ #û�d e«¿ìï  yû>·+ XøSq«+
qT+&� 5 ¿ì.MT./>·+. #ûsÁ{²�¿ì 1 �d¿£qT
|�{ì¼+~. M]ýË me] ÔáÇsÁD+ mÅ£�Øe?

A

B C
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l What is the deceleration of a vehicle

moving in a straight line that changes

its velocity from 100 km/h to a dead

stop in 10s?

l Correct your friend who says

“Acceleration gives an idea of how

fast the position changes.”

2.8 Equations of uniform
       accelerated motion

Consider the motion of object along

straight line with constant acceleration.

(Uniform acceleration).

Then,

'D'  - denotes changes

If the acceleration of an object in

motion is caustant, then the motion is called

uniform accelaration motion.

Let u be the velocity at the time t = 0

and v be the velocity at the time t and let s

be the displacement covered by the body

during time “ t” as shown in fig.- 16.

From the definition of uniform

acceleration,

Acceleration,

Since the acceleration of the body is

constant.

But we know

From here onwards we  manipulate the

equations (1) and (2).

Put   v = u+at  in equation (2), we have

      ut + ½ a t2  =  s .................  (3)

From equation  v  = u+at,  we get

Substitute the value of  't' in equation

(2) , we have

The equations of uniform accelerated

       motion are,

v = u + at

s = ut +  ½ at2

v2 – u2 = 2as

NOTE:

1. If the speed of an object increases, the

direction of velocity and acceleration

are one and the same.

u

s

v
at 't'at  t= 0s

Change in velocity

       Time taken
Acceleration =

Dv

Dt
constant=a =

Fig-16

v + u

   2
Average velocity =

Displacement

  Time taken
Average velocity  =

v + u

   2
=

s

t
.................  (2)

u + at + u

2
=

s

t

2u + at

2
=

s

t

v – u

   a
t =

v – u

   t
a =

v – uat =

v    ................  (1)u+at =

v – u

   a
s

v + u

   2
=(

(

(

(

v2 – u2     2as.................  (4)=
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ÿ¿£ y�V�²q yû>·+ 100 ¿ì.MT./>·+. qT+&�
�XøÌ\d¾�Ü¿ì s�e{²�¿ì 10 �d¿£qT\T |�{ì¼q �
y�V�²q ÔáÇsÁD+ m+Ôá?

»»kÍ�q+ýË eÖsÁTÎ m+Ôá ÔáÇ]Ôá>·Üq ed�Tï+<Ã
Ôî*�| uó²eHû ÔáÇsÁD+µµ n� MT �d�V¾²ÔáT&�T
nH��&�T. MT �d�V¾²ÔáT&�� MTsÁT @ $<ó�+>±
d�] #ûkÍïsÁT?

2.8 d�eTÔáÇsÁD #á\q d�MT¿£sÁD²\T
ÿ¿£ ed�TïeÚ d�sÁÞø¹sU² eÖsÁZ+ýË d¾�sÁÔáÇsÁD+

(d�eTÔáÇsÁD+ ` Constant acceleration) ÔÃ
ç|�jáÖDìd�Tï+<�qT Å£�+<�+.

ÔáÇsÁD+ R

'D' nHû~ eÖsÁTÎqT Ôî*jáTCñd�Tï+~.
#á\q+ýË �q� ÿ¿£ ed�TïeÚ jîTT¿£Ø ÔáÇsÁD+

d¾�sÁ+>± �+fñ � #á\H��� d�eTÔáÇsÁD #á\q+
n+{²s.

|�³+ ` 16ýË #áÖ|¾q³T¢ t = 0�d e<�Ý ed�Tï
yû>·+ 'u' n�,  t = t �d e<�Ý ed�Tï yû>·+ 'v' n� ,
ed�TïeÚ 't' ¿±\+ýË bõ+~q kÍ�qçuó�+Xø+ 's' n�
nqTÅ£�+<�+.

|�³+`16

Dv

Dt
=a = d¾�sÁ+

u

s

v
t= 't' �d e<�Ý t= 0 �d e<�Ý

v – u

   t
a =

v – uat =

v    .................  (1)u+at =

u + at + u

2
=

s

t

2u + at

2
=

s

t

B� qT+&�
ut + ½ a t2  =  s ............  (3) neÚÔáT+~.

v + u

   2
=

s

t
.................  (2)

v + u

   2
ed�TïeÚ d�s�d�] yû>·+ =

v u+at=

v u+at= v – u

   a
t =

d�eTÔáÇsÁD+ �sÁÇ#áq+ qT+&�, ÔáÇsÁD+
ed�TïeÚ d¾�sÁ ÔáÇsÁD+ÔÃ ç|�jáÖDìd�Tï+~.¿£qT¿£

¿±�

d�s�d�] yû>·+ R
n� eTqÅ£� Ôî\Td�T.

�¿£Ø&� qT+&� (1), (2) d�MT¿£sÁD²\qT
�|�jîÖÐ+º �Ôás Á #á\q d�MT¿ £s ÁD²\qT
bõ+<�TÔ�+.

           � d�MT¿£sÁD+ (2)ýË ç|�Ü¹¿�|¾+#á>±,

           qT+&�               neÚÔáT+~.

� $\TeqT d�MT¿£sÁD+ (2)ýË ç|�Ü¹¿�|¾+#á>±

d�eTÔáÇsÁD #á\q d�MT¿£sÁD²\T,

>·eT�¿£

1. ÿ¿£ ed�TïeÚ jîTT¿£Ø yû>·+, ÔáÇsÁD+ ÿ¹¿ ~XøýË
�+fñ ed�TïeÚ e&� �|sÁT>·TÔáT+~.

v –u

   a
s

v + u

   2
=(

(

(

(

v2 – u2     2as.................  (4)=

v u+at=

s     ut + ½ a t2=
v2 – u2     2as=

 yû>·+ýË eÖsÁTÎ
eÖsÁTÎÅ£� |�{ì¼q ¿±\+

kÍ�qçuó�+Xø+
¿±\+
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2. If the speed of an object decreases, the

direction of velocity and acceleration

are in opposite directions. In such a

case, at a certain instant the speed

becomes zero.

3. If there exists an acceleration of  a body

at a point where its speed becomes zero

for an instant; then the body 'returns' in

the direction of acceleration and moves

continuously. (like in the case of stone

thrown vertically up into the air.)

Fig-17(a)

Sign of displacement depends on position of

particle

2.9 Sign Convention Rules

These rules helps to signify the direction of displacement (s), velocity (v) and

acceleration (a)

Fig-17(b)

Sign of velocity is independent of position,

depends on the directioin of motion

– +
s = +ve

OOrigin

– +
O

– +
O

s = –ve

s = 0

– +
O

– +
O

– +
O

– +
O

Origin

v = +ve

v = –ve

v = +ve

v = –ve

l Choose the origin on a straight line.

The quantities measured to the right are

taken as positive and they measured to

the left are taken as negative.

l Expressing the displacement with

proper sign, is important. Displacement

is positive while measured along the

positive direction and is negative while

measured along the negative direction.

Aim

l To find the acceleration and velocity of

an object moving on an inclined track.

Lab Activity
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2. ed�TïeÚ yû>·+, ÔáÇsÁD²\T ÿ¿£<��¿=¿£{ì e«Ü¹s¿£
~XøýË¢ �+fñ e&� ç¿£eT+>± Ôá>·TZÔáÖ
XøSq«eTeÚÔáT+~.

3. ÿ¿£ ed�TïeÚ e&� XøSq«eTsTTq _+<�TeÚ e<�Ý �
ed�TïeÚ ÔáÇsÁD²�� ¿£*Z �+fñ � ed�TïeÚ Ü]Ð
ÔáÇsÁD ~XøýË e&� �|+#áTÅ£�+³Ö ç|�jáÖDìd�Tï+~.
(uó�Ö �|�]Ôá\+ qT+&� \+�+>± �|Õ¿ì $d¾]q
s�sTT d�+<�sÁÒÛ+ýË eÖ~]>±)

2.9 d�+C²ã kÍ+ç|�<�jáT �jáTeÖ\T

� �jáTeÖ\T kÍ�qçuó�+Xø+ (s), yû>·+ (v) eT]jáTT ÔáÇsÁDeTT (a) \ ~Xø\qT Ôî\Td�T¿Ãe&��¿ì
�|�jîÖ>·|�&�Ô�sTT.

|�³+`17(m)
kÍ�qçuó�+Xø+ jîTT¿£Ø d�+Èã ed�TïeÚ kÍ�q+�|Õ

�<ó�sÁ|�&�TÔáT+~.
d�sÁÞø¹sU² eÖsÁZ+�|Õ ÿ¿£ _+<�TeÚqT eTÖ\
_+<�TeÚ>± >·TsÁTï+#�*. n¿£Ø&� qT+&� Å£�&�
#ûÜyîÕ|�Ú #áÖ�| d�~Xø s�Xø�\qT <ó�H�Ôá�¿£+>±qT,
m&�eT #ûÜyî Õ|� Ú  #áÖ�| d�~X øs�Xø�\qT
�TTD²Ôá�¿£+>±qT rd�T¿Ãy�*.
kÍ�qçuó�+Xæ�� d�ÂsÕq >·TsÁTïÔÃ d�Öº+#�*.
<ó�H�Ôá�¿£ ~XøýË kÍ�qçuó�+Xø+ �+fñ <���
<ó�H�Ôá�¿£+>±qT, �TTD²Ôá�¿£ ~XøýË �+fñ
�TTD²Ôá�¿£+>±qÖ  rd�T¿Ãy�*.

�<ûÝXø«+
y�\TÔá\+�|Õ ¿£~ýñ ed�TïeÚ ÔáÇsÁD+, yû>±\qT
¿=\e&�+.

|�³+`17(_)
yû>·+ jîTT¿£Ø d�+Cã kÍ�q+�|Õ �<ó�sÁ|�&�<�T,
¿±� #á\q~Xø�|Õ �<ó�sÁ|�&� �+³T+~.

ç|�jîÖ>·Xæ\ ¿£�Ôá«+

– +
O

– +
O

– +
O

– +
O

Origin

v = +ve

v = –ve

v = +ve

v = –ve

eTÖ\_+<�TeÚ
– +

s = +ve

OOrigin

– +
O

– +
O

s = –ve

s = 0

eTÖ\_+<�TeÚ
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Materials required

Glass marbles, book, digital clock, long

plastic tubes and steel plate.

Procedure

Take a long plastic tube of length nearly

200cm and cut it in half along the length of

the tube. Use these tube parts as tracks.

Mark the readings in cm along the track.

Place the one end of the tube on a book

and the other end on the floor, as shown in

fig.-18.  Keep a steel plate on the floor at

the bottom of the track. Consider the

reading at the bottom of the track to be

zero.

Take a marble having adequate size to

travel in the track freely. Now release the

marble freely from a certain distance say

40cm. Start the digital clock when the

marble is released. It moves down on the

track and strikes the steel plate. Stop the

digital clock when a sound is produced.

Repeat the same experiment for the same

distance 2 to 3 times and note the values

of times in table-4.

Fig-18

Books

Track

Steel plate

Distance,

S (cm)

Time

t (s)
Average

time

t

2S/t2

t
1

t
2

t
3

Table-4

Repeat the same experiment for various

distances.

Find average time and 2S/t2 for every

trail. Will it be constant and equal to

acceleration? Why?

Draw distance vs time (S-t) graph for

the values in the table.

Do the same experiment for various

slopes of the track and find accelerations

in each case.

l Is there any relation between the slope

and acceleration?

l What do you notice from the distance

time graphs for various slopes?

Do the same experiment with a small

iron block. Find the acceleration and draw

the  S-t graph.

Give your explanation for various

accelerations related to slopes.

The values found in this experiment are

approximate.
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|�{ì¼¿£ 4|�]¿£s�\T
>±E >Ã°\T, |�Úd� ï¿±\T, &��³ýÙ y�#Y,

bõ&�T>±{ì bÍ¢d¾¼¿ù >=³¼+, dÓ¼\T |�Þèß+.

ç|�jîÖ>·|�<�ÆÜ
d�TeÖsÁT 200 �d+.MT. bÍ¢d¾¼¿ù ³Ö«uÙqT

rd�T¿Ã+&�. <��� bõ&�eÚ yî+³ N*Ì  ed�TïeÚ\T
¿£~ýñ ¿±\Te e+{ì eÖsÁZ+>± eÖsÁTÌ¿Ã+&�. B�Hû
ç{²¿ù n+{²+. ç{²¿ù�|Õ 0`200 �d+{¡ MT³sÁ¢ esÁÅ£�
¿=\Ôá\qT >·T]ï+#á+&�. ç{²¿ù ÿ¿£ ºesÁqT |�³+
18ýË #áÖ|¾q $<ó�+>± |�Úd�ï¿±\�|Õ  �+#á+&�. Âs+&�e
ºesÁqT Hû\�|Õ   �+#á+&�. Âs+&�e ºesÁ e<�Ý dÓ¼ýÙ
�|¢³TqT �+#á+&�. ç{²¿ù neT¹sÌ³|�ÚÎ&�T <�� »0µ
¯&�+>·T Hû\qT Ô�¹¿ yîÕ|�Ú �+&�*.

|�³+`18
ç{²¿ùýË |�fñ¼ |�]eÖD+ >·\ >Ã°� rd�T¿Ã+&�.

40 �d+.MT.\ eÖsÁTØ  qT+&� >Ã°� $&�º�|³¼+&�.
>Ã°� $&�º�|{ì¼q yî+³Hû &��³ýÙ y�#YqT �H�
#ûjáT+&�. � >Ã° ¿ì+<�Å£� ed�Öï Hû\�|Õ �+ºq
dÓ¼\T �|¢³TqT &ó�¿=� Xø�Ý+ #ûd�Tï+~. Xø�Ý+ $q�
yî+³Hû &��³ýÙ y�#YqT �|¾y ûjáT+&�. �<û
ç|�jîÖ>±�� (40�d+.MT. ¿=\ÔáÔÃ) 2 ýñ¿£ 3 kÍsÁT¢
# ûd ¾ > ·D ì+ºq $\Te\qT |�{ ì ¼¿ £ `4 ýË
bõ+<�T|�sÁ#á+&�.

|�Úd�ï¿±\T

ç{²¿ù

dÓ¼ýÙ �|¢³T

<�ÖsÁ+,

s (�d+.MT.)

¿±\+ t

(�d¿£qTýË¢) d�s�d�]
¿±\+ t 2s/t2

t
1

t
2

t
3

�|Õ ç|�jîÖ>±�� yû¹sÇsÁT <�Ös�\ÔÃ #ûd¾ y�{ì¿ì
d�+�+~ó+ºq $\Te\qT |�{ì¼¿£ýË bõ+<�T|�sÁ#á+&�.

|�{ì¼¿£̀ 4 qT+&� d�s�d�] ¿±\+ ¿£qT>=q+&�.
n<û$<ó�+>± 2S/t2  $\TeqT ç|�Ü<�Ös��¿ì
ýÉ¿ìØ+#á+&�. n�� d�+<�s�ÒÛ\ýË 2S/t2  $\Te d¾�sÁ+>±
�+<�? �~ >Ã° ÔáÇsÁD²�¿ì d�eÖqeÖ? m+<�TÅ£�?

|�{ì¼¿£ýË MTsÁT qyîÖ<�T #ûd¾q $\Te\ÔÃ
<�ÖsÁ+`¿±\+ ç>±|�tqT ^jáT+&�.

�<û ç|�jîÖ>±�� yûsÁT, yûsÁT y�\T ¿ÃD²\ e<�Ý
#ûd¾ ÔáÇsÁD²\qT ¿£qT¿=Ø+&�.

y�\T¿ÃD²\Å£�, ÔáÇsÁD²�¿ì eT<ó�« @yîT®H�
d�+�+<ó�+ �+<�?
< �Ös Á+`¿±\+ ç>±| � t\qT �{ì ¼  MT ¹s+
#î|�Î>·\sÁT?

�<û ç|�jîÖ>±�� >±E >Ã[¿ì �<�T\T>± �qT|�
~eT�ÔÃ #ûd¾, S - t ç>±|�t ^jáT+&�.

$$<ó � y�\T\Å£� d �+�+~ó+ºq $$<ó �
ÔáÇsÁD²\Å£� d�+�+~ó+º MT $es�\T �eÇ+&�.

� ç|�jîÖ>·+ýË MTsÁT ¿=*º qyîÖ<�T #ûd¾q
$\Te\T sÁeÖsÁ$T $\Te\� >·TsÁTï+#áT¿Ã+&�.
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Example 1

A car is moving with the initial velocity

15 m/s.  Car stoped after 5s by application

of breaks. Find the retardation

(Decelaration).

Solution

t = 5 s

v = 0 m/s

u = 15 m/s

a = ?

Substituting the values in the following

equation.

( )
v u at

0 15 a 5

15
a

5

= +

= + ´

-
=

a = –3 m/s2

Example 2

A bus is moving with the initial velocity

of 'u' m/s. After applying the breaks, its

retardation is 0.5 m/s2 and it stoped after

12s. Find the initial velocity (u) and

distance travel by the bus after applying the

breaks.

Solution

a = –0.5 m/s2

v = 0 m/s

t = 12 s

u = ?

( )
v u at

0 u 0.5 12

0 u 6

= +

= + - ´

= -

u = 6 m/s

Initial velocity of the bus 6 m/s.

( ) ( )

( )

2

2

1
s ut at

2

1
12 6 0.5 12

2

1
72 72

2

= +

= ´ + - ´

= -

 36= m

Bus has stoped 36 m distance after

applying the break .

Example 3

At a distance L= 400m away from the

signal light,brakes are applied to a

locomotive moving  with a velocity, u = 54

km/h.Determine the position of rest of the

locomotive relative to the signal light after

1 min of the application of the brakes if its

acceleration a = - 0.3 m/s2

Solution

Since the locomotive moves with a

constant deceleration after the application

of brakes, it will come to rest in 't' sec .

We know ,

   v = u + at

Here u = 54 km/h = 54 x 5/18 =15 m/s

Let v = 0 at time 't' and given

a = -0.3 m/s2

From v = u+at we get 
v u

t
a

-
=

We get, 
15

t
0.3

-
=

-
 = 50 s
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�<�V�²sÁD 1
ÿ¿£ ¿±sÁT 15MT/�d yû>·+ÔÃ ç|�jáÖDìd�Tï+~. �
¿±sÁTÅ£� çuñÅ£�\T yûjáT>± 5 �d. Ôás�ÇÔá �Ðq~.
nsTTq � ¿±sÁT jîTT¿£Ø ÔáÇsÁD+ ¿£qT>=q+&�.

kÍ<ó�q
t = 5 �d

v = 0 MT/�d

u = 15 MT/�d

a = ?

$\Te\qT ¿ì+~ d�MT¿£sÁD+ýË ç|�Ü¹¿�|¾+#á>±

( )
v u at

0 15 a 5

15
a

5

= +

= + ´

-
=

a =  `3 MT/�d2

�<�V�²sÁD 2
u MT/�d Ô=* yû>·+ÔÃ ç|�jáÖDìd�Tïq� �dtÅ£�

çuñÅ£�\T yûjáT>± 0.5 MT/�d2 ÔáÇsÁD+ bõ+~ 12
�d¿£q¢ Ôás�ÇÔá �Ðq~. nsTTq � �dt jîTT¿£Ø Ô=*
yû>·+ ¿£qT>=� çuñÅ£�\T yûd¾q Ôás�ÇÔá m+Ôá <�ÖsÁ+ýË
�Ðq<Ã ¿£qT>=qTeTT.

kÍ<ó�q
a = ` 0.5 MT/�d2

v = 0 MT/�d

t = 12 �d

u = ?

( )
v u at

0 u 0.5 12

0 u 6

= +

= + - ´

= -

u = 6 MT/�d

� �dt jîTT¿£Ø Ô=*yû>·+ u = 6 MT/�d.

( ) ( )

( )

2

2

1
s ut at

2

1
12 6 0.5 12

2

1
72 72

2

= +

= ´ + - ´

= -

 36= MT
çuñÅ£�\T yûd¾q Ôás�ÇÔá 36 MT³sÁ¢ <�ÖsÁ+ýË

�dt �Ðq~.

�<�V�²sÁD 3

400 MT.<�ÖsÁ+ýË >·\ Âs&� d¾>·�ýÙ ýÉÕ³TqT
#áÖd¾  54 ¿ì.MT./>·+. yû>·+ÔÃ ç|�jáÖDì+#û ÂsÕ\T
�+ÈH�Å£� çuñÅ£�\T yûXæsÁT. çuñÅ£�\T ¿£\T>·Cñd¾q
ÔáÇsÁD+ a = ` 0.3 MT./ �d.2 nsTTÔû 1 �eTTw�+
Ôás�ÇÔá ÂsÕ\T �+ÈH� d¾>·�ýÙ d�ï+uó²�¿ì m+Ôá <�ÖsÁ+ýË
�+³T+~?

kÍ<ó�q
çuñÅ£�\T yûd¾q|�Ú&�T ÂsÕ\T �+ÈH�

�TTDÔáÇsÁD+ÔÃ #á*d�Tï+~. n~ 't' ¿±\+ Ôás�ÇÔá
�ÐbþsTT+<�qTÅ£�+<�+
Ô=*yû>·+ u = 54 ¿ì.MT. / >·+.= 54 x 5/18

       =15MT./�d.
ÔáT~yû>·+ v = 0 (�ºÌq d�+<�s�ÒÛ�¿ì)

a= -0.3 MT./ �d.2

v=u+at  nHû d�MT¿£sÁD+ qT+&�

v u
t

a

-
=   neÚÔáT+~

¿±eÚq 15
t

0.3

-
=

-
 =  50 �d. >± bõ+<�e#áTÌ.

S
C
E
R
T, T

E
LA

N
G
A
N
A



Motion53 Government's Gift for Students' Progress

During which it will cover a distance

2u
s

2a
= -

 ( )
2

15

2 0.3
= -

´ -

 
225

0.6
=

                  = 375 m

Thus in 1 minute after the application

of brakes  the locomotive will be at a

distance l = L – s = 400 – 375 = 25 m from

the signal light.

Example 4

What is the speed of the body moving

with uniform acceleration at the midpoint

of two points on a straight line, where the

speeds are u and v respectively?

Solution

Let 'a' be the constant acceleration and

s be the distance between the two points,

From equation of motion

v2 – u2   =  2as.................  (1)

Let v
0
 be the speed of the body at

midpoint ‘M’ of the given points.

Applying the same equation used above,

we get

2 2

0

s
v u 2a

2
- =

From (1),  we get

2 2
2 2

0

v u
v u

2

-
- =

2 2
2 2

0

v u
v u

2

-
= +

2 2 2
2

0

v u 2u
v

2

- +
=

2 2

0

v u
v

2

+
=

Example 5

A car travels from rest with a constant

acceleration 'a' for 't' seconds.  What is the

average speed of the car for its journey if

the car moves along a straight road?

Solution

The car starts from rest, so u = 0

The distance covered in time t

21
s at

2
=

Average speed = 
Totaldistance

Time taken
 

  

2at

2
v

t

at

2

æ ö
ç ÷
è ø=

=

s

u M
v

0

v

Fig-19
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#á\q+ 54$<�«sÁT�\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

 't' ¿±\+ýË �+�H� ç|�jáÖDì+ºq <�ÖsÁ+
2u

s
2a

= -

  ( )
2

15

2 0.3
= -

´ -

  
225

0.6
=

    =  375 MT.

1 �eTTw�+ Ôás�ÇÔá ÂsÕ\T �+�H� d¾>·�ýÙ
d�ï+uó²�¿ì eT<ó�« <�ÖsÁ+ l = L - S = 400-375=

25MT.

�<�V�²sÁD 4

ÿ¿£ ed�TïeÚ d�eTÔáÇs ÁD+ÔÃ d�sÁÞø¹sU²
eÖs Á Z+ýË ç| �jáÖDìd �T ï+~.  � d�s ÁÞ ø
¹sU²eÖsÁZ+�|Õ >·\ Âs+&�T _+<�TeÚ\ e<�Ý ed�TïeÚ
yû>±\T esÁTd�>± u, v   nsTTÔû � Âs+&�T
_+<�TeÚ\Å£� eT<ó�«_+<�TeÚ e<�Ý � ed�TïeÚ
yû>·yîT+Ôá?

kÍ<ó�q

ed� T ïe ÚÅ £ � > ·\ d �eTÔ á Çs ÁD²�� 'a '

nqTÅ£�+<�+.

�ºÌq _+<�TeÚ\ eT<ó �« <�ÖsÁ+ 's'

nqTÅ£�+<�+.
2 2v u 2as- =  .............. (1)

|�³+`19

� Âs+&�T _+<�TeÚ\Å£� eT<ó�«_+<�TeÚ e<�Ý
ed�TïeÚ yû>·+ v

0
 nqTÅ£�+<�+. (� _+<�TeÚqT 'M'

>± |�³+ýË #áÖ|�&�+ È]Ð+~.) n|�ð&�T
2 2

0

s
v u 2a

2
- =

d�MT¿£sÁD+ (1)ýË� 2as $\Te\qT �|Õ
d�MT¿£sÁD+ýË ç|�Ü¹¿�|¾+#á>±

2 2
2 2

0

v u
v u

2

-
- =

2 2
2 2

0

v u
v u

2

-
= +

2 2 2
2

0

v u 2u
v

2

- +
=

2 2

0

v u
v

2

+
=

�<�V�²sÁD 5
�XøÌ\d¾�Ü qT+&� �jáT\T<û]q ÿ¿£ ¿±sÁT

d�eTÔáÇsÁD+ 'a' ÔÃ 't' ¿±\+ bÍ³T ç|�jáÖDì+º+~.
¿±sÁT d�sÁÞø¹sU² eÖsÁZ+ýË ç|�jáÖDì+ºq³¢sTTÔû
't' ¿±\+ýË n~ bõ+<û  d�s�d�] e&� m+Ôá?

kÍ<ó�q
¿±sÁT �XøÌ\ d¾�Ü qT+&� çbÍsÁ+uó�yîT®+~ ¿±�{ì¼

<�� Ô=* yû>·+ u = 0

't' ¿±\+ýË ¿±sÁT ç|�jáÖDì+ºq <�ÖsÁ+

21
s at

2
=

d�s�d�] e&� R
2

at

2
v

t

at

2

æ ö
ç ÷
è ø=

=

s

u M
v

0

v

yîTTÔáï+ <�ÖsÁ+
|�{ì¼q d�eTjáT+
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Improve your learning

Key words

l Motion is relative.  Motion of an object depends on the observer.

l Distance is the path length traversed and displacement is the shortest distance in a

specified direction.

l Average speed is distance covered per unit time and average velocity is displacement in

a specified direction per unit time.

l Speed at an instant is instantaneous speed which gives the idea of how fast the position

of the body changes.

l Velocity is speed in specified direction.

l The motion is uniform when the velocity is constant.

l A body has acceleration when the velocity of the body changes.

l Acceleration is the rate of change of velocity.

l The motion is said to be uniform accelerated motion if acceleration is constant.

l The equations of uniform acclerated motion are given by

2

2 2

v u at

1
s ut a t

2

v u 2as

= +

= +

- =

I. Reflections on concepts

1. Distinguish between speed and velocity. (AS
1
)

2. Briefly explain about constant acceleration.

3. How can you say that a body is in motion? Is it a common property? (AS
1
)

4. Are average speed and average velocity same? If not explain why? (AS
1
)

5. How do you measure instantaneous speed? (AS
1
)

6. Explain acceleration with an example . (AS
1
)

Relative, distance,  displacement,  average speed,  average velocity,

instantaneous speed (speed), velocity, uniform motion, acceleration,uniform

acceleration, rectilinear motion, vectors, scalars.

What we have learnt
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¿¡\¿£ |�<�\T

kÍ�|¿£�+, <�ÖsÁ+, kÍ�qçuó�+Xø+, d�s�d�] e&�, d�s�d�] yû>·+, Ôá¿£�D e&� (e&�), yû>·+, d�eT#á\q+
ÔáÇsÁD+, d�eTÔáÇsÁD+, ¹sFjáT #á\q+, d�~Xø\T, n~Xø\T.

#á\q+ nHû~ kÍ�|¿£� yîT®q~. ÿ¿£ ed�TïeÚ #á\q+ |�]o\Å£���|Õ �<ó�sÁ|�&�TÔáT+~.
ed�TïeÚ ç|�jáÖDì+ºq eÖsÁZ+ yîTTÔáï+ bõ&�eÚqT <�ÖsÁeT�, Âs+&�T _+<�TeÚ\ eT<ó�« �]Ýw�¼ ~XøýË >·\ ¿£�w�¼
<�Ös��� kÍ�qçuó�+Xø+ n� n+{²+.
@¿±+¿£ ¿±\+ýË ÿ¿£ ed�TïeÚ ç|�jáÖDì+ºq <�Ös��� d�s�d�] e&� n�, @¿±+¿£ ¿±\+ýË ed�TïeÚ bõ+<û
kÍ�qçuó�+Xæ�� d�s�d�] yû>·+ n� n+{²+.
@<îÕH� ÿ¿£ �]Ýw�¼ d�eTjáT+ e<�Ý e&�� Ôá¿£�D e&� n+{²s. e&� ed�TïeÚ kÍ�q+ýË eÖsÁTÎ  m+Ôá ÔáÇsÁ>±
ed�Tï+<Ã Ôî*jáTCñd�Tï+~.
�]Ýw�¼ ~XøýË ÿ¿£ ed�TïeÚÅ£� >·\ e&�� yû>·+ n+{²s.
ÿ¿£ ed�TïeÚ d¾�sÁ yû>·+ÔÃ #á*d�Öï �+fñ � #á\H��� d�eT#á\q+ n+{²+.
>·eTq+ýË eÚq� ed�Tï yû>·+ýË eÖsÁTÎ e�dï, � ed�TïeÚ ÔáÇsÁD+ýË eÚ+<�� n+{²+.
yû>·+ýË eÖsÁTÎ ¹s³TqT ÔáÇsÁD+ n+{²+.
ÔáÇsÁD+ d¾�sÁ+>± >·\ #á\H��� d�eTÔáÇsÁD #á\q+ n+{²+.
d�eT ÔáÇsÁD #á\q d�MT¿£sÁD²\T :

v u+at=

s     ut + ½ at2=
v2 – u2     2as=

I.  uó²eq\�|Õ ç|�Üd�Î+<�q\T:

1. e&�, yû>±\ eT<ó�« uñ<ó�yûT$T? (AS
1
)

2. d¾�sÁ ÔáÇsÁD+ >·T]+º Å£�¢|�ï+>± $e]+#á+&�. (AS
1
)

3. ed�TïeÚ #á\q+ýË �+<�� mý² #î|�Î>·\eÚ? n~ �eT�&� <ó�sÁ�yûTH�? (AS
1
)

4. d�s�d�] e&�, d�s�d�] yû>·+ Âs+&�Ö ÿ¿£fñH�? m+<�T¿Ã $e]+#á+&�. (AS
1
)

5. Ôá¿£�D e&�� mý² ¿=\TkÍïeTT? (AS
1
)

6. ÔáÇsÁD+qT �<�V�²sÁDÔÃ $e]+#á+&�. (AS
1
)

nuó�«d�H��� yîTsÁT>·T |�sÁT#áTÅ£�+<�+

eTqyûT+ HûsÁTÌÅ£�H��+?
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II. Application of concepts

1. In the given figure distance vs time graphs showing motion of

two cars A and B are given.  Which car moves fast ? (AS
1
)

2. A train of length 50m is moving with a constant speed of 10m/s.

Calculate the time taken by the train to cross an electric pole and a bridge of length 250

m. (5s , 30s) (AS
1
)

3. Draw the distance vs time graph when the speed of a body increases uniformly. (AS
5
)

4. Draw the distance – time   graph when its speed decreases uniformly.(AS
5
)

5. What is the average speed of  a Cheetah that sprints 100m in  4sec. ?  What if it sprints

50m in 2sec? (25 m/s)( AS
7
)

6. A car travels at  a  speed  of  80 km/h during the first half of  its  running  time  and  at

40 km/h during the other half.  Find the average speed of the car. (60 km/h) ( AS
7
)

7. A particle covers 10m in first 5s and 10m in next 3s.  Assuming constant acceleration.

Find initial speed, acceleration and distance covered in next 2s.  (AS
7
)

(7/6 m/s, 1/3 m /s2, 8.33m)

III. Higher Order Thinking questions

1. When the velocity is constant, can the average velocity over any time interval differ

from instantaneous velocity at any instant? If so, give an example; if not explain why.

(AS
2
 )

2. You may have heard the story of the race between the rabbit and tortoise. They started

from same point simultaneously with constant speeds. During the journey, rabbit took

rest somewhere along the way for a while. But the tortoise moved steadily with lesser

speed and reached the finishing point before rabbit. Rabbit wokeup and ran, but rabbit

realized that the tortoise had won the race. Draw distance vs time graph for this story.

(AS
5
)

S

A

B

t
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II.  uó²eq\ nqTesÁïH�\T

1. |�³+ýË A, B nHû Âs+&�T ¿±sÁ¢ #á\H��� #áÖ�d  s - t ç>±|�t\T �eÇ&�+
È]Ð+~. @ ¿±sÁT e&� mÅ£�Øe? m+<�TÅ£�? (AS

1
)

2. 50 MT. bõ&�eÚ >·\ ÂsÕ\T 10 MT./�d. d¾�sÁ e&�ÔÃ #á*d�Tï+~. � ÂsÕ\T ÿ¿£ $<�T«ÔY d�ï+uó²�� eT]jáTT
250 MT. bõ&�eÚ >·\ ç_&�̈� <�³&��¿ì |�fñ¼ ¿±ý²�� ýÉ¿ìØ+#á+&�. (5�d., 30�d.) (AS

1
)

3. �XøÌ\d¾�Ü qT+&� �jáT\T<û]q ÿ¿£ ed�TïeÚ jîTT¿£Ø e&� @¿£̄ Ü>± �|sÁT>·TÔáTq�³¢sTTÔû ed�TïeÚ jîTT¿£Ø
#á\H��� #áÖ�| <�ÖsÁ+ ` ¿±\+ ç>±|�tqT ^jáT+&�. (AS

5
)

4. ÿ¿£ ed�TïeÚ e&� @¿£̄ Ü>± Ôá>·TZÔáÖ �+fñ <�� #á\H��� Ôî*�| <�ÖsÁ+ ̀  ¿±\+ ç>±|�t ̂ jáT+&�. (AS
5
)

5. 4 �d.ýË ÿ¿£ ºsÁTÔá 100 MT. <�ÖsÁ+ |�]Â>&�TÔáT+fñ, <�� d�s�d�] e&� m+Ôá? n<û ºsÁTÔá 2 �d. ýË
50 MT. <�ÖsÁ+ |�]Â>&�q#Ã <�� d�s�d�] e&� m+Ôá? (25MT./�d.) (AS

7
)

6. ÿ¿£ ¿±sÁT Ôáq ç|�jáÖD ¿±\+ýË yîTT<�{ì d�>·+ ¿±\+ 80¿ì.MT./ >·+. e&�ÔÃqT, $TÐ*q d�>·+ ¿±\+
40¿ì.MT./>·+. e&�ÔÃqÖ ç|�jáÖDì�dï, <�� d�s�d�] e&� m+Ôá?(60 ¿ì.MT./>·+.) (AS

1 
)

7. ÿ¿£ ¿£D+ yîTT<�³ 5 �d¿£qTýË¢ 10 MT. <�ÖsÁ+ Ôás�ÇÔá 3 �d¿£qT\ýË 10MT. <�ÖsÁ+ ç|�jáÖDì+º+~.
� ¿£D+ d�eTÔáÇsÁD+ÔÃ #á*d�Tï+<�qT¿=+fñ � ¿£D+ Ô=* yû>±��, ÔáÇsÁD²�� eT]jáTT Ôá<�T|�] 2�d.
ýË ç|�jáÖDì+ºq <�Ös��� ¿£qT>=q+&�. (7/6 MT./�d., 1/3 MT./�d.2, 8.33 MT.) (AS

1 
, AS

7
)

III.  �ýË#áH�Ôá�¿£ ç|�Xø�\T

1. ÿ¿£ ¿£D+ d¾�sÁ yû>·+ÔÃ #á*d�Tï+~. @<û� � �̄Ôá ¿±\ e«e~óýË <�� d�s�d�] yû>·+, Ôá¿£�D yû>·+ÔÃ
d�eÖq+>± �+³T+<�? ýñ<�? $e]+#á+&�. (AS

2 
)

2. Ô�uñ\T eT]jáTT Å£�+<û\T\ |�sÁT>·T |�+<î+ ¿£<̧� MTsÁT $Hû �+{²sÁT. Ô�uñ\T ç|�jáÖDì+#û e&� ¿£+fñ
Å£�+<û\T ç|�jáÖDì+#û e&� mÅ£�Øe. Âs+&�Ö ÿ¹¿ #Ã³T qT+&� |�sÁT>·T |�+<î+ çbÍsÁ+_ó+#�sTT. Å£�+<û\T
¿=+Ôá <�ÖsÁ+ ç|�jáÖDì+º #î³T¼ ¿ì+<� ¿±�d|�Ú $çXæ+Ü rd�TÅ£�+~. Å£�+<û\T �ç<� ýñº #ûsÁe\d¾q
>·eT«+ yîÕ|�Ú |�]Â>Üï+~. Å£�+<û\T >·eÖ«�¿ì #û¹sd�]¿ì Ô�uñ\T n|�Î{ì¹¿ >·eÖ«�� #û]+~. � ¿£<�̧qT
<�ÖsÁ+`¿±\+ ç>±|�týË #áÖ|�+&�. (AS

5
)
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1.  The distance travelled by an object in a specified direction is [ ]

(a) Speed (b) Displacement

(c) Velocity (d) Acceleration

2.  If an object is moving with constant velocity then the motion is [ ]

(a) Motion with Non uniform acceleration

(b) Motion with Uniform Acceleration

(c) Uniform Motion (d) Non uniform Motion

3. If there is change in the velocity of the object then the state of object with respect

to motion is [ ]

(a) State of Constant Speed (b) State of Constant velocity

(c) State of Uniform Motion (d) State of Non uniform Motion

4. If the acceleration of a moving object is constant then the motion is said

to be [ ]

(a) Motion with Constant Speed (b) Motion with Uniform Acceleration

(c) Motion with Uniform Velocity (d) Motion with Non Uniform acceleration

Suggested experiments

1.  Conduct an expermiment to find acceleration and velocity of an object moving on an

inclined plane and write a report.

Suggested projects

1.    Calculate  the  avarage  speeds of  students of your class we who have participated in

100 meters and 200 meters running race. Write a report.

 2.  Suppose that the three balls shown in figure below start simultaneously from the tops

of the hills.  Which one reaches the bottom first ?  Explain. (AS
2
)

Multiple choice questions

Suggested Experiments

Suggested Projects
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1. �]Ýw�¼ ~XøýË ed�TïeÚ ¿£~*q <�ÖsÁ+ [ ]

a) e&� b) kÍ�qçuó�+Xø+ c) yû>·+ d)  ÔáÇsÁD+

2. ÿ¿£ ed�TïeÚ d¾�sÁyû>·+ÔÃ #á*d�Öï �+fñ � #á\q+ [  ]

a) nd�eTÔáÇsÁD #á\q+ b) d�eTÔáÇsÁD #á\q+ c) d�eT#á\q+ d) nd�eT#á\q+

3. ed�TïeÚ yû>·+ýË eÖsÁTÎ �q�³¢sTTÔû #á\q |�sÁ+>± � ed�TïeÚ d¾�Ü. [  ]

a) d¾�sÁe&� ¿£*Ðq d¾�Ü b) d¾�sÁyû>·+ ¿£*Ðq d¾�Ü

c) d�eT#á\q d¾�Ü d)  nd�eT#á\q d¾�Ü

4. #á\q+ýË �q� ÿ¿£ ed�TïeÚ jîTT¿£Ø ÔáÇsÁD+ d¾�sÁ+>± �+fñ � ed�TïeÚ #á\q+ [  ]

a) d¾�sÁ e&� #á\q+ b) d�eTÔáÇsÁD #á\q+ c) d�eTyû>· #á\q+ d) nd�eT ÔáÇsÁD #á\q+

ç|�jîÖ>±\T

1. y�\T Ôá\+�|Õ ¿£~ýñ ed�TïeÚ ÔáÇsÁD+, yû>±\qT ¿=*#û+<�TÅ£� ÿ¿£ ç|�jîÖ>±�� �sÁÇV¾²+º �yû~¿£ s�jáT+&�.

çbÍCÉÅ£�¼\T

1. MT ÔásÁ>·ÜýË� $<�«sÁT�\T 100 MT³sÁT¢, 200 MT³sÁT¢ |�sÁT>·T |�+<î+ýË bÍý¤Z�q|�ð&�T y�] d�s�d�] e&�T\qT

ýÉ¿ìØ+º �yû~¿£ ÔájáÖsÁT #ûjáT+&�.
2. |�³+ýË #áÖ|¾q $<ó�+>± ÿ¹¿ mÔáTï >·\ eTÖ&�T sÁ¿±ýÉÕq Ôáý²\ qT+&�, ÿ¹¿ sÁ¿£yîT®q eTÖ&�T �+ÔáT\qT

C²sÁ$&�ºq#Ã, @ �+Ü ÔáÇsÁ>± Hû\qT #ûsÁTÔáT+~?  $e]+#á+&�.

�V�QÞèÕºÌÛ¿£  ç|�Xø�\T
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Chapter

3 LAWS OF MOTION

1(a) 1(b) 1(c)

We observe the changes in motion of

many objects around us. We discussed the

concepts of velocity and acceleration in the

chapter ‘Motion’.

Philosophers of the ancient world were

very much interested in the study of motion.

One question always popping up in their

mind was, what is the natural state of an

object if left to itself? Our commonsense

tells that every moving object on earth if it

is left free for some time, gradually comes

to rest by itself. What happens if you stop

peddling your bicycle?  It slows down

gradually and finally stops.

We wonder to know that Aristotle, the

great philosopher of that time also

concluded  that the natural state of an

earthly object is to be at rest. He thought

that the object at rest requires no

explanation as any moving body naturally

comes to rest.

Galileo Galilee stated that an object in

motion will remain in same motion as long

as no external force is applied on it.

Galileo came up with two thoughtful

experiments. He did his experiments on

inclined planes with smooth surfaces and

observed that the smoother the surface, the

farther the ball travelled. He extended this

argument and concluded that if the surface

was perfectly smooth, the ball will travel

indefinitely, until encountered by another

object. (In real world such a surface of

course does not exist).

Fig-1: (a) downward motion  (b) upward

motion  (c) motion on a plane surface

As shown in fig.- 1 (a) he observed that

when a marble rolls down a slope, it picks

up speed due to the force of gravity of the

earth.

 In fig.- 1 (b) when the object rolls up

an inclined plane, its speed decreases. Now

let us assume that a marble is moving on a

level surface as shown in  fig.- 1(c) it has

no reason to speed up or slow down. So it

will continue to move with constant

velocity.
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   1 (m)          1 (_)            1(d¾)

eTq #áT³Ö¼ �+&û mHÃ� ed�TïeÚ\ #á\H�\qT
eTq+ >·eT�d�Öï �+{²+. #á\q+ nHû bÍsÄÁ+ýË
MTs ÁT yû>·+, Ô áÇsÁD+ uó²eq\qT > ·T]+º
HûsÁTÌ¿=H��sÁT.

eTq çbÍNq ÔáÔáïÇyûÔáï\T #á\H��� >·T]+º
n<ó�«jáTq+ #ûjáT&�+ýË m+ÔÃ �d�¿ìï ¿£q�]#�sÁT.
ÿ¿£ ed�TïeÚqT ÔáqÅ£� Ô�qT>± e~ýñ�dï <��¿ì �+&û
d�V�²È d¾�Ü @$T{ì? nHû ç|�Xø� y�] eT~� Ô=\Td�Öï
�+&û~. uó�Ö$T MT<� ¿£<�T\TÔáTq� @ ed�TïyîÕH�
ç¿£eT+>± �XøÌ\ d¾�Ü¿ì ed�Tï+<�Hû $w�jáT+
eTq¿£+<�]¿ì Ôî*d¾+<û. MTsÁT �dÕ¿ìýÙ� Ô=¿£Ø&�+
��|�dï @+ ÈsÁT>·TÔáT+~? <�� yû>·+ ç¿£eT+>±
ÔáÐZ ºe]¿ì �ÐbþÔáT+~ ¿£<�!

�XøÌsÁ«+ @$T³+fñ, � ¿±\+ýË >=|�Î ÔáÔáïÇyûÔáï
nsTTq n]kÍ¼{ìýÙ Å£L&� �ý²¹> �ýËº+º, uó�Ö$T
MT<� �+&û @ ed�TïeÚ¿£sTTH� �+&û d�V�²È d¾�Ü
�XøÌ\ d¾�Ôû n� �s�Æ]+#�&�T. ¿£~ýñ @ ed�TïyîÕH�
kÍ<ó�sÁD+>± ºe]¿ì �XøÌ\ d¾�Ü¿ì s�y�* ¿±�{ì¼,
�XøÌ\+>± �+&û ed�TïeÚ\ $w�jáT+ýË m³Te+{ì
$esÁD ned�sÁ+ ýñ<�� uó²$+#�&�T.

¿±� B�¿ì _óq�+>± @ u²V�²« �\+ |��
#ûjáTq+Ôá esÁÅ£� ¿£<�T\TÔáTq� ed�TïeÚ n<û
>·eTqd¾�ÜýË �+³T+<�� #î|�Î&�+ <�Çs� Â>©*jîÖ
Â>©* �<ó�T�¿£ $C²ãqXæçkÍï�¿ì ÔîsÁ rXæ&�T.

Ôáq y�<�qqT �sÁÖ|¾+#á&��¿ì Â>©*jîÖ Âs+&�T
�ýË#áH�Ôá�¿£ ç|�jîÖ>±\ÔÃ eTT+<�TÅ£� e#�Ì&�T.
nÔáqT Ôáq ç|�jîÖ>±\qT qTqT|�Ú Ôá\+ >·\ y�\T
�\¢\�|Õ #ûXæ&�T. Ôá\+ m+Ôá qTqT|�Ú>± �+fñ
e~*q >Ã° n+Ôá <�ÖsÁ+ ç|�jáÖDìd�Tï+<��
>·eT�+#�&�T. � $<ó�+>± ÿ¿£ d�+|�PsÁ�yîT®q qTq�{ì
Ôá\+ MT<� @B n&�T¦ s�q+ÔáesÁÅ£� >Ã° nq+Ôá
<�ÖsÁ+ ç|�jáÖDìd�Tï+<�� $e]+#�&�T.

|�³+`1: (m)  n<¸Ã #á\q+ (_) }sÁÆÇ #á\q+
(d¾) d�eTÔá\+ýË #á\q+

|�³+ 1(m)ýË #áÖ|¾q $<ó�+>± y�\T Ôá\+�|Õ
¿ì+~¿ì <=sÁT¢ÔáTq� >Ã° uó�Ö$T¿ì >·\ >·TsÁTÔ�Ç¿£sÁüD
�\+ e\¢ yû>±�� |�Ú+EÅ£�+³T+~.

n<û$< ó �+>± |�³+ 1(_)ýË #áÖ| ¾q³T¢
y�\TÔá\+ MT<� �|Õ¿ì bþÔáTq� ed�TïeÚ Ôáq yû>±��
¿ÃýËÎÔáT+~. nsTTÔû |�³+ 1(d¾)ýË #áÖ|¾q $<ó�+>±
d�eTÔá\+ýË ¿£<�T\TÔáTq� >Ã° jîTT¿£Ø yû>·+
�|sÁ>·&��¿ì ýñ<� Ôá>·Z&��¿ì ¿±sÁD+ @B ¿£�|¾+#á<�T.
n+<�Te\¢ n~ d�eT#á\q+ (uniform motion) ýË
ç|�jáÖDìd�Tï+<�� $e]+#�&�T.

n<ó�«jáT+

3  >·eTq �jáTeÖ\T
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By this experiment, Galileo came to a

conclusion which was in contrast to

Aristotle’s belief that the natural state of

an object is ‘rest’.

Fig-2: (a) (b) motion along inclined planes

with different slopes. (c) Motion from

inclined surface to plane surface

Galileo observed that, as shown in fig.-

2 (a), the marble released from its initial

height rolled down due to the force of

gravity and then moves up the slope until it

reached its initial height. Then he reduced

the angle of the upward slope and did the

same experiment as in fig.- 2 (b). The

marble rolled up the same height, but it had

to go farther in this instance. That means

the distance travelled by it is greater. He

made his observation by further reduction

in the angle of the upward slope, he got the

same results.  To reach the same height the

ball had to go farther each time.

Then a question arose in his mind,

“How far must it has to move to reach the

same height if it has no slope to go up”?

Since it has no slope to go up as shown in

fig.- 2(c), obviously it should keep on

moving forever along the level surface at

constant velocity. He concluded that the

natural state of a moving object, if it is free

of external influences, is uniform motion .

What do you think of these experiments?

Is any external force required to stop a

moving object? From this experiment we

can say that an object will remain in

uniform motion unless a  force acts on it.

Galileo imagined a world where there

is no friction.  But as we learnt in class VIII

this is not possible in reality because

friction, which affects the motion of an

object plays an important role in our lives.

For example, if there were no friction we

would not have been able to walk on ground,

we would not have been able to stop a fast

moving car etc. It is very difficult to

perform many physical activities without

friction.  Built upon ideas primarily

developed by Aristotle and Galileo, Sir

Isaac Newton proposed his three

fundamental laws which explain the

connection between force and a change in

motion. These three laws are popularly

known as Newton's laws of motion.

3.1 First law of motion

The first law of motion can be stated

as follows: "Every object will remain at rest

or in a state of uniform motion unless

compelled to change its state by the action

of a net force".

Newton’s first law explains what

happens to an object when no net force acts

on it.

2 (a)

2 (b)

2 (c)
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� $<ó�+>± Â>©*jîÖ Ôáq ç|�jîÖ>±\ <�Çs�
@<îÕH� ed�TïeÚ jîTT¿£Ø d�V�²È d¾�Ü �XøÌ\ d¾�Ü nHû
n]kÍ¼{ìýÙ qeT�¿±�� $uóñ~+#�&�T.

|�³+`2: (m)(_) $$<ó� y�\T ¿ÃD²\T >·\ y�\T
Ôáý²\ MT<� #á\q+ (d¾) y�\T Ôá\+ qT+&�

d�eTÔá\+ MT<�Å£� #á\q+
|�³+` 2(m)ýË �q� $<ó�+>± y�\T Ôá\+�|Õ

¿=+Ôá mÔáTï qT+&� e~*q >Ã° >·TsÁTÔ�Ç¿£sÁüD �\+
e\¢ ¿ì+~¿ì <=]¢, Ôás�ÇÔá Âs+&�e yîÕ|�Ú >·\ y�\T
Ôá\+ �|Õ¿ì Ü]Ð Ôáq çbÍ<�̧$T¿£ mÔáTï¿ì #ûsÁTÅ£�HûesÁÅ£�
ç|�jáÖDìd�Tï+<�� Â>©*jîÖ >·eT�+#�&�T. |�³+
2(_)ýË �q� $<ó�+>± y�\TÔá\+ ¿ÃD²�� ÔáÐZ+º
Ü]Ð n<û ç|�jîÖ>±�� #ûXæ&�T. n|�Ú&�T Å£L&� >Ã°
Âs+&�e yîÕ|�Ú n<û mÔáTï¿ì #ûsÁTÅ£�+~. ¿±ú eT]+Ôá
mÅ£�Øe <�ÖsÁ+ >Ã° Âs+&�e y�\TÔá\+�|Õ ç|�jáÖD+
#ûd¾+~. y�\TÔá\+ ¿ÃD²�� ÔáÐZd�Öï Ôáq ç|�jîÖ>±��
eTsÁý² eTsÁý² #ûd¾H�, |��*Ôá+ eÖçÔá+ n<û eºÌ+~.
n+fñ >Ã° #ûsÁTÅ£�Hû mÔáTï eÖsÁýñ<�T ¿±ú, n~
ç|�jáÖDì+ºq <�ÖsÁ+ eÖçÔá+ �|]Ð+~. >Ã° Ôáq
çbÍ<̧�$T¿£ mÔáTïÅ£� #ûsÁT¿Ãe&��¿ì eT]+Ôá mÅ£�Øe
<�ÖsÁ+ ç|�jáÖDì+º+~.

ÿ¿ £y ûÞ ø  >Ã° �| Õ¿ ì  y îÞ ø ¢&��¿ ì y�\T
ýñ¿£bþsTTq³¢sTTÔû n<û mÔáTï¿ì #ûsÁT¿Ãe&��¿ì >Ã°
m+Ôá <�ÖsÁ+ ç|�jáÖDì+#áe\d¾ �+³T+~? nHû
ç| �X ø � nÔá� eT~ýË �<�sTT+º+~. �| Õ¿ ì

#ûsÁT¿Ãe&��¿ì y�\TÔá\+ ýñ<�T ¿±�{ì¼ 2(d¾)ýË
#áÖ|¾q $<ó�+>± d�eTÔá\+ MT<� d�eTyû>·+ÔÃ n~
ç|�jáÖDìd�ÖïHû �+³T+~. u²V�²« �\+ ýñq+ÔáesÁÅ£�
¿£<�T\TÔáÖ �q� ed�T ïeÚ jîTT¿£Ø d�V�²Èd¾ �Ü
@$T³+fñ, n~ d�eT #á\q+ýËHû �+³T+<��
Â>©*jîÖ �s�Æ]+#�&�T. � ç|�jîÖ>±\��+{ì�
|�]o*+ºq Ôás�ÇÔá MT¹s+ �ýËºd�TïH��sÁT?
¿£<�T\TÔáÖ �q� ed�TïeÚ� �|�&��¿ì u²V�²«�\+
ned�sÁs nqTÅ£�+³TH��s�? � ç|�jîÖ>±*� �{ì¼
ed�TïeÚ�|Õ |��*Ôá �\+ |�� #ûjáTq+Ôá esÁÅ£� n~
d�eT#á\q+ýË �+³T+<�� #î|�Îe#áTÌ.

|��TsÁüD ýñ� ç|�|�+#��� Â>©*jîÖ }V¾²+#�&�T.
¿±ú 8e ÔásÁ>·ÜýË HûsÁTÌÅ£�q�³T¢ �ÈJ$Ôá+ýË �~
kÍ<ó�«+ ¿±<�T. m+<�T¿£+fñ |��TsÁüD ed�TïeÚ jîTT¿£Ø
#á\H��� ç|�uó²$Ôá+ #ûjáT&�+ <�Çs� eTq Jeq+ýË
ç|�eTTKbÍçÔá bþw¾d�Tï+~. �<�V�²sÁD¿ì |��TsÁüD
ýñÅ£�+&� eTq+ Hû\MT<� q&�eýñ+, yû>·+>±
q&�T|�ÚÔáTq� ¿±sÁT� �|�ýñ+. |��TsÁüD ýñ�<û  mHÃ�
uó�Ü¿£ ¿±sÁ«ç¿£eÖ\qT �sÁÇV¾²+#áýñ+. n]kÍ¼{ìýÙ,
Â>©*jîÖ\T n_óe�~Æ |�]ºq |�]¿£\Îq\ �<ó�sÁ+>±
d�sY ×C²¿ù qÖ«³H� �ý²�¿ì, #á\q+ýË eÖsÁTÎÅ£�
>·\ d�+�+<ó��� $e]d�Öï eTÖ&�T çbÍ<¸�$T¿£
d�ÖçÔ�\T ç|�ÜbÍ~+#�&�T. � eTÖ&�T d�ÖçÔ�\T
qÖ«³H� >·eTq �jáTeÖ\T>± ç|�d¾~Æ #î+<�sTT.

3.1 yîTT<�{ì >·eTq �jáTeT+
yîTT<�{ì >·eTq �jáTeÖ�� � $<ó �+>±

#î|�Îe#áTÌ. »»|��*Ôá �\+ |�� #ûjáTq+ÔáesÁÅ£�
�XøÌ\d¾ �ÜýË �q� ed�T ïeÚ n<û d¾ �ÜýËqÖ,
d�eT#á\q+ýË �q� ed�TïeÚ n<û d�eT#á\q+ýËqÖ
�+³T+~µµ.

ÿ¿£ ed�TïeÚ�|Õ |��*Ôá �\+ |��#ûjáT¿£bþÔû @+
ÈsÁT>·TÔáT+<Ã qÖ«³H� yîTT<�{ì >·eTq �jáTeT+
$e]d�Tï+~.

2 (m)

2 (_)

2 (d¾)
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Galileo Galilei was born on 15 February 1564

in Pisa, Italy. Galileo has been called the “father

of modern science”.

In 1589, in his series of essays, he presented

his theories about falling objects using an inclined

plane to slow down the rate of descent.

Galileo was also a remarkable craftsman. He

developed a series of telescopes whose optical

performance was much better than that of other

telescopes available during those days.

Around 1640, he designed the first pendulum

clock.  In his book ‘Starry Messenger’ on his

astronomical discoveries, Galileo claimed to have

seen mountains on the moon, the Milky Way made

up of tiny stars, and four small bodies orbiting Jupiter. In his books ‘Discourse on

Floating Bodies’ and ‘Letters on the Sunspots’, he disclosed his observations of

sunspots.

Using his own telescopes and through his observations on Saturn and Venus, Galileo

argued that all the planets must orbit the Sun and not  the  earth,  contrary  to  what  was

believed at that time.

It either remains at rest or moves in a

straight line with constant speed (that is

uniform motion). Let’s discuss.

Activity-1

Observing the motion of a coin kept

on thick paper

Take a thick paper. keep it on a glass

tumbler. Now take a coin and keep it on the

centre of the paper. As shown in

fig.- 3. Push the paper with your finger as

fast as you can.

l What do you observe?

l What happens to the coin?
Fig-3: Fast pushing of thick paper

kept on a glass tumbler

Do you know?

S
C
E
R
T, T

E
LA

N
G
A
N
A



>·eTq �jáTeÖ\T 66$<�«sÁT�\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

|�³+`3 : >±E>±¢d�T�|Õ �q� ¿±ÐÔá|�Ú eTT¿£ØqT
yû>·+>± Hî³¼&�+

ÿ¿£ ed�TïeÚ�|Õ |��*Ôá �\+ |��#ûjáT¿£bþÔû �
ed�TïeÚ �XøÌ\d¾�ÜýË >±ú, d�eT e&�ÔÃ �TTE
eÖsÁZ+ýË ¿£<�T\TÔáT+fñ (B�Hû d�eT#á\q+ n+{²+)

n<û >·eTqd¾�ÜýËHû �+³T+~. � $w�jáT+ >·T]+º
$esÁ+>± Ôî\Td�T¿=+<�+!

¿£�Ôá«+ ` 1

>±¢d�T�|Õ �+ºq H�DÉeTT jîTT¿£Ø #á\H���
|�]o*<�Ý+.

�|¿£ eTT¿£Ø e+{ì ÿ¿£ <�Þød�] ¿±ÐÔá+ eTT¿£ØqT
|�³+ 3ýË #áÖ|¾q³T¢ ÿ¿£ >±E>±¢d�T eTÖÜ MT<�
�+#á+&�. >±E>±¢d�T eTÖÜ¿ì d�]>±Z�|Õq �¿±ÐÔá+
eTT¿£Ø�|Õ ÿ¿£ H�DÉeTT �+#á+&�. ¿±ÐÔá|�Ú eTT¿£ØqT
ÿ¿£ØkÍ]>± yû>·+>± MT #ûÜ yû*ÔÃ Hî³¼+&�

@+ >·eT�+#�sÁT?
H�DÉ+ @eTsTT+~?

MTÅ£� Ôî\TkÍ?
Â>©*jîÖ Â>©*1564e d�+eÔáàsÁ+ |�¾ç�e] 15e ÔûBq

�{©ýË� »|ÓkÍµýË È��+#�sÁT. Â>©*jîÖ �<ó�T�¿£ uó�Ü¿£Xæçd�ï
|¾Ô�eTV�Q�>± �|sÁT>±+#�&�T.

1589 d�+eÔáàsÁ+ýË �jáTq sÁº+ºq nHû¿£ y�«kÍ\ýË y�\T
Ôáý²\�|Õ |�Ôáq ed�TïeÚ\ #á\H��� >·T]+º ç|�kÍï$+#�&�T.

Â>©*jîÖ >=|�Î V�²d�ï ¿£Þ²�|�ÚDT&�T. �jáTq sÁÖbõ+~+ºq
fÉ*kþØ|t\T � ¿±\+ýË �q� $T>·Ô� fÉ*kþØ|�Ú\ ¿£+fñ #�ý²
d�eTsÁÆe+ÔáyîT®q$.

1640 çbÍ+Ôá+ýË �jáTq Ô=* ýË\¿£ >·&�jáÖs���
sÁÖbõ+~+#�&�T. �jáTq sÁº+ºq 'Starry Messenger' nHû
ç>·+<¸�+ýË #á+ç<�T�ýË |�sÁÇÔ�\qT, bÍ\|�Ú+ÔáýË >·\ ºq�
q¿£�çÔ�\qT, >·TsÁT ç>·V�²+ #áT³Ö¼ ÜsÁT>·TÔáTq� H�\T>·T ºq� K>ÃÞø
ed�TïeÚ\qT Ô�qT #áÖd¾q³T¢ Ôî*jáTCñXæ&�T. 'Discourse on floating bodies', 'Letters on the sunspots'

nHû Ôáq sÁ#áq\ýË d�ÖsÁT«�ýË >·\ eT#áÌ\ >·T]+º $e]+#�&�T.
�jáTq Ôáq kõ+Ôá+>± ÔájáÖsÁT #ûd�TÅ£�q� fÉ*kþØ|�Ú\ÔÃ Xø�ç¿£, Xø� ç>·V�ä\qT |�]o*+º � H�{ì

$XæÇkÍ\Å£� e«Ü¹s¿£+>± ç>·V�ä\ú� uó�Ö$T #áT³Ö¼ ¿±¿£ d�ÖsÁT«� #áT³Ö¼ |�]çuó�$TkÍïjáT� y�~+#�&�T.
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Similarly when you are travelling in a

bus, the sudden stop of the bus makes you

fall forward, due to dynamic inertia of the

body.

The body which is in motion always

tries to move in same direction until some

net force act on it. This property is known

as dynamic inertia.

With our day to day experiences, we

all know  that we must exert some force on

an object to keep it moving. As far as the

object is concerned, the force applied by

us is just one of the several forces acting

on it. The other forces might be friction,

air resistance or gravity. Thus it is clear that

it is the "net force" which determines the

change in motion of an object.

Let us consider  a football placed at rest

on the ground. The law of inertia tells us

that the football will remain in the same

state unless something moves it.

If you kick the ball, it will fly in the

direction you kicked, with certain speed,

until a force slows it down or stops it. If

the ball goes high, the force of gravity slows

it down. If the ball rolls on the ground, the

force of friction makes the ball slow down

and stop.

If the net force acting on an object is

zero, the object which is at rest remains at

rest or if the object is already moving with

a certain velocity it continues to move with

the same velocity. Thus we can represent

the first law of motion as:

Activity-2

Observing the motion of the coins hit

by a striker

Fig-4: Hitting the stack of coins
with a striker

Make a stack of carrom coins on the

carrom board.Give a sharp hit at the bottom

of the stack with striker. You can find that

the bottom coin will be removed from the

stack, and the others in the stack will slide

down as shown in fig.- 4.

l What are your observations from

     the above activities?

l Why does the coin fall inside the

glass tumbler?

l Why does the stack of carrom coins

fall down vertically?

To understand this, we have to discuss

some more examples which we face in our

daily life.

For example when the bus which is at

rest begins to move suddenly, the person

standing in the bus falls backward because

of static inertia of the body. The object at

rest will try to remain at rest. untill we apply

an external force there will be no change

in the position of the object. This is known

as static inertia.
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n<û $<ó�+>± eTq+ �d�TàýË ç|�jáÖD+
#ûd�Tïq�|�ð&�T ç&îÕesY ÿ¿£ØkÍ]>± çuñ¿ù yû�dï eTq+
eTT+<�TÅ£� ÔáÖ\TÔ�+.  eTq Xø̄ s��¿ì �+&û >·eTq
È&�ÔáÇ+ nHû <ó�sÁ�+e\¢ � $<ó�+>± ÈsÁT>·TÔáT+~.

>·eTq d¾�ÜýË �q� ÿ¿£ ed�TïeÚ�|Õ |��*Ôá �\+
ç|�jîÖÐ+#áq+ÔáesÁÅ£� � ed�TïeÚ n<û ~XøýË #á*d�Öï
�+³T+~.  � <ó�s��Hû� >·eTq È&�ÔáÇ+ n+{²+.

�Ôá«J$Ôá+ýË nHû¿£ d�+<�s�ÒÛ\ýË ed�TïeÚ\qT
¿£<�\Ì&��¿ì y�{ì�|Õ �ý²�� ç|�jîÖÐd�Öï �+&�\�
eTqÅ£� Ôî\Td�T. ¿±� ed�TïeÚ�|Õ eTq+ ç|�jîÖÐ+#û
�\+ÔÃ bÍ³T nHû¿£ �ÔásÁ �ý²\T Å£L&�
|��#ûd�Tï+{²sTT. � ed�TïeÚ�|Õ  |��TsÁüD, >±* �sÃ<ó�+,
>·TsÁTÔáÇ �\+ e+{ì �ÔásÁ �ý²\T Å£L&� |��
#ûd�Tï+&�e#áTÌ. n+fñ ed�TïeÚ #á\q+ýË eÖsÁTÎ�
rd�TÅ£�e#ûÌ~ <���|Õ |��#û�d � �ý²\ »|��*Ôá �\+µ
eÖçÔáyûT nHû~ Ôû³Ôî\¢eTeÚÔáT+~.

yîT®<�q+ýË ÿ¿£ |��Ú{Ùu²ýÙ �XøÌ\+>± �+fñ
@<îÕH� �\+ <���  ¿£~*+#áq+Ôá esÁÅ£� n~ n<û
d¾�ÜýË �+³T+<�� È&�ÔáÇ �jáTeT+ Ôî\TÎÔáT+~.

ÿ¿£yûÞø qTeÚÇ <��� Ôá��q³¢sTTÔû, n~ ¿=+Ôá
yû>·+ÔÃ qTeÚÇ Ôá��q ~XøýË �+¹¿<îÕH� �\+ <���
��|+Ôá esÁÅ£� yîÞøSïHû �+³T+~. >±*ýË¿ì mÐ]q
�+Ü�|Õ >·TsÁTÔáÇ �\+ |��#ûjáT³+ e\¢ <��e&�
Ôá>·TZÔáT+~. ÿ¿£yûÞø n<û �+Ü uó�Ö$T�|Õ <=]¢Ôû |��TsÁüD
e\¢  n~  Ôáq  e&��  ÔáÐZ+#áTÅ£�+³Ö  ºesÁÅ£�
�ÐbþÔáT+~.

ÿ¿£ ed�TïeÚ�|Õ |�� #û�d |��*Ôá �\+ XøSq«+
nsTTÔû �XøÌ\d¾�ÜýË �q� ed�TïeÚ n<û d¾�ÜýË
�+&�bþÔáT+~ ýñ<� ¿=+Ôá yû>·+ÔÃ ç|�jáÖDì+#û
ed�TïeÚ n<û yû>·+ÔÃ #á*d�Öï �+³T+~. n+<�T¹¿
yîTT<�{ì >·eTq �jáTeÖ��  ¿ì+~ $<ó�+>± #î�TÔ�+.

¿£�Ôá«+ ` 2

��dÕ¼¿£sYÔÃ ¿={ì¼q ¹¿sÁy�TuËsÁT¦ ¿±sTTH�\ #á\H���
|�]o*+#á&�+.

|�³+`4 : ��d¼í¿£sYÔÃ ¿±sTTq¢qT ¿=³¼&�+

¿±«sÁy�T uËsÁT¦�|Õ ¿±sTTq¢qT ÿ¹¿ �\TeÚ
esÁTd�ýË �\uÉ³¼+&�. ¿ì+~ ¿±sTTH�qT ç�dÕ¼¿£sYÔÃ
>·{ì¼>± ¿=³¼+&�. |�³+ 4ýË #áÖ|¾q³T¢ ¿ì+~ ¿±sTTH�
eÖçÔáyûT esÁTd� qT+&� �jáT³¿ìì ed�Tï+~. �|Õ ¿±sTTq¢
esÁTd� ný²¹> ¿ì+~¿ì ~>·TÔáT+~.

�|Õ Âs+&�T ¿£�Ô�«\ýË @ kÍsÁÖ|�«ÔáqT MTsÁT
>·eT�+#�sÁT?

H�DÉeTT >±E >±¢d�T ýË|�*¿ì m+<�TÅ£� |�&�+~?

m+<�TÅ£� ¿±«sÁy�T ¿±sTTq¢ <=+ÔásÁ �\TeÚ>±
¿ì+<�¿ì ~Ð+~?

B�� nsÁ�+ #ûd�T¿Ãy�\+fñ, �Ôá« J$Ôá+ýË
eTqÂ¿<�TsÁjûT« ¿=��  d�+|��T³q\  >·T]+º
#á]Ì+#áT¿Ãy�*.

�<�V�²sÁDÅ£�  eTq+  �d�TàýË   �\T#áT�
�q�|�ð&�T �d�Tà ÿ¿£ØkÍ]>± eTT+<�TÅ£� ¿£<�\&�+
çbÍsÁ+_ó�dï eTq+ yîqT¿£Å£� ÔáÖ\TÔ�+.  B�¿ì
¿±sÁD+ eTq Xø̄ sÁ+ ¿£*Ð �+&û �XøÌ\ È&�ÔáÇ+
nHû <ó�sÁ�+. �XøÌ\ d¾�ÜýË �q� ed�TïeÚ m\¢|�ð&�T
�XøÌ\ d¾�ÜýËHû �+&û+<�TÅ£� ç|�jáTÜ�d�Tï+~.  B��|Õ
yûs=¿£ �\+ ç|�jîÖÐ+#áq+ÔáesÁÅ£� <�� kÍ�q+ýË
eÖsÁTÎ �+&�<�T B�Hû �XøÌ\ È&�ÔáÇ+ n+{²+.
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Fig-5: pushing wooden boxes
with same force

Through your observations you can tell

that the greater the mass of an object, the

more it resists the changes in its state of

motion.

From the above examples, we can

conclude that some objects have more

inertia than others. Mass is a property of

an object that specifies how much inertia

the object has.

Think and discuss

 l You may have seen the trick where a

table cloth is jerked from a table,

leaving the dishes that were on the

cloth nearly in their original

positions.

ü What do you need to perform this

successfully?

ü Which cloth should we use? Is it

cloth made of thick cotton or thin

silk?

ü Should the dishes possess large

mass or small mass?

ü Is it better to pull the cloth with a

large force or pull it with a gentle

and steady force?

l What is the velocity of a small object

that has separated from a rocket

moving in free space with velocity

10km/s?

If  F
net

 = 0, then the velocity of an object

is either zero or constant.

Thus when the net force acting on a

body is zero, we say that the body is in

equilibrium. Newton's first Law of motion

is also known as the Law of Inertia.

3.2 Inertia and mass

We have learnt that inertia is the

property of an object that resists changes

in its state of motion. All objects have this

tendency.

l Do all the bodies have the same inertia?

l What factors can decide the inertia of

a body?

Which is easy for you, to push a bicycle

or a car? You can observe that it is difficult

to push the car. We say car has greater

inertia than the bicycle. Why does the car

possess more inertia than a bicycle?

Inertia is a property of matter that

resists changes in its state of motion or

rest. It depends on the mass of the object.

The car has more inertia than a bicycle

because of its mass.

Mass of an object is considered as the

measure of inertia.  We know that SI unit

of mass is ‘kg’.

Activity-3

Pushing two wooden blocks with

same force

Take two rectangular wooden blocks

with different masses and place them on a

straight line drawn on a floor as shown in

fig.--5. Give the same push at the same time

to both the blocks with the help of a

wooden scale.

l What do you find?

l Which one goes farther? Why?

l Which block accelerates more?
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F
net

 = 0 nsTTÔû ed�TïeÚ jîTT¿£Ø yû>·+ XøSq«+
ne&�+ ýñ¿£ d¾�sÁ+>± �+&�&�+ >±� ÈsÁT>·TÔáT+~.

ÿ¿£ ed�TïeÚ �|Õ |�� #û�d |��*Ôá �\+ XøSq«yîT®Ôû,
� ed�TïeÚ d�eTÔ�d¾�ÜýË �+~ n� n+{²+. qÖ«³H�
yîTT<�{ì >·eTq �jáTeÖ�� È&�ÔáÇ �jáTeT+ n�
Å£L&� n+{²sÁT.

3.2 È&�ÔáÇ+ ` ç<�e«s�¥
Ôáq >·eTq d¾�ÜýË eÖsÁTÎ� e«Ü¹s¿ì+#û <ó�s��Hû�

È&�ÔáÇ+ n+{²sÁ� HûsÁTÌÅ£�H��+. n�� ed�TïeÚ\Å£L
� >·TD+ �+³T+~.

n�� ed�T ïeÚ\Ö ÿ¹¿ È&�Ô�Ç�� ¿ £*Ð
�+{²jáÖ?
ed�TïeÚ\ È&�Ô�Ç�� �sÁ�sTT+#û n+Xæ\T
@$T{ì?
�dÕ¿ìýÙqT Ô=jáT«&�+, ¿±sÁT� Ô=jáT«&�+ýË MTÅ£�

@~ d�T\uó�+? ¿±sÁT� Hî³¼&�+ ¿£w�¼eT� MTÅ£� Ôî\Td�T.
n+fñ ¿±sÁT¿ì �dÕ¿ìýÙ ¿£+fñ n~ó¿£ È&�ÔáÇ+ �+<��
#î|�Îe#áTÌ. �dÕ¿ìýÙ ¿£+fñ ¿±sÁTÅ£� m+<�TÅ£� mÅ£�Øe
È&�ÔáÇ+ �+³T+<Ã #î|�Î>·\y�?

ed�TïeÚ\T ÔáeT #á\q d¾�ÜýË eÖsÁTÎ� ýñ<�
�XøÌ\ d¾�Ü� e«Ü¹s¿ì+#û <ó�s��Hû� È&�ÔáÇ+ n+{²s.
�~ ed�TïeÚ ç<�e«s�¥�|Õ �<ó�sÁ|�&� �+³T+~. ¿±sÁT
�dÕ¿ìýÙ ¿£+fñ mÅ£�Øe ç<�e«s�¥� ¿£*Ð �+³T+~.
¿±�{ì¼ <��¿ì n~ó¿£ È&�ÔáÇ+ �+³T+~.

È&�ÔáÇ+ jîTT¿£Ø ¿=\ÔáHû ed�TïeÚ ç<�e«s�¥
n+{²+. ç<�e«s�¥ jîTT¿£Ø SI ç|�eÖD+ ¿ì.ç>±.

¿£�Ôá«+ ` 3
Âs+&�T #î¿£Ø~eT�\qT ÿ¹¿ �\+ÔÃ Hî³¼&�+

|�³+ 5ýË #áÖ|¾q³T¢ Âs+&�T yû¹sÇsÁT ç<�e«
s�Xø\T >·\ #î¿£Ø ~eT�\qT >·#áTÌ MT<� ÿ¿£ d�sÁÞø
¹sK�|Õ �+#á+&�. Âs+&�T ~eT�\qT #î¿£Ø �dØ\T
d�V�äjáT+ÔÃ ÿ¹¿ �\+ÔÃ eTT+<�TÅ£� Hî³¼+&�.

@+ >·eT�+#�sÁT?
@~ mÅ£�Øe <�ÖsÁ+ yî[¢+~? m+<�TÅ£�?
@ ~eT� mÅ£�Øe ÔáÇsÁD²�� bõ+~+~?

�ýËº+#á+&� ̀  #á]Ì+#á+&�

|�³+`5 : #î¿£Ø ~eT�\qT ÿ¹¿ �\+ÔÃ Hî³T¼³

MT |�]o\qýË ç<�e«s�¥ n~ó¿£eTòÔáTq�
¿=\B, n~ Ôáq  >·eTqd¾�ÜýË  eÖsÁTÎqT
e«Ü¹s¿ ì+#á&�+  �|sÁT>·TÔáT+<�H û  $w�jáT+
ne>·ÔáeTeÚÔáT+~.

�|Õ �<�V�²sÁD <�Çs�, ¿=�� ed�TïeÚ\T mÅ£�Øe
È&�Ô�Ç��, ¿=�� ÔáÅ£�Øe È&�Ô�Ç�� ¿£*Ð �+{²jáT�
Ôî\Td�Tï+~. ed�TïeÚ¿ì �+&û ç<�e«s�¥ nHû <ó�sÁ�yûT
� ed�TïeÚ m+Ôá  È&�Ô�Ç��  ¿£*Ð �+<Ã
�sÁ�sTTd�Tï+~.

fñ�TýÙ MT~ >·T&�¦qT ÿ¿£ØkÍ]>± ý²ÐH� <��
MT<� �|{ì¼q bÍçÔá\T <�<�|�Ú ¿£<�\Å£�+&� ný²¹>û
�+&ûý² #û�d ç{ì¿ù (>±sÁ&�)� MTsÁT #áÖ�d
�+{²sÁT!
4 � >±sÁ&�� d�eTsÁ�e+Ôá+>± �sÁÇV¾²+#á&��¿ì

@+ ¿±y�*?
4 m³Te+{ì >·T&�¦ �|�jîÖÐkÍïeÚ? <�Þød�]

¿±H�Çdt  >·T&�¦H� ýñ<� |�\Ì� d¾\TØ >·T&�¦H�?
4 fñ�TýÙ >·T&� ¦�|Õ �|{ì¼q bÍçÔá\T n~ó¿£

ç<�e«s�¥� ¿£*Ð �+&�ý²? ÔáÅ£�Øe
ç<�e«s�¥� ¿£*Ð �+&�ý²?

4 >·T&�¦qT ÿ¿£ØkÍ]>± mÅ£�Øe �ý²�� ç|�jîÖÐ+º
ý²>±ý²? ýñ<� d�T��Ôá+>±, �\¿£&�>± �ý²��
ç|�jîÖÐ+#�*à �+³T+<�?

10 ¿ì.MT./�d. yû>·+ÔÃ XøSq«+ýË ç|�jáÖDìd�Tïq�
s�Â¿{Ù qT+&� $&�bþsTTq ºq� ed�TïeÚ jîTT¿£Ø
yû>·+ m+Ôá �+³T+~?
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Example 1

A body of mass ‘m’ is kept on the

horizontal floor and it is pushed in the

horizontal direction with a force of 10N

continuously, so that it moves steadily.

a) Draw FBD (a diagram showing all the

forces acting on the body at a point of

time)

b) What is the value of friction?

Solution

Fig-6: Free body diagram

Given that the body is moving steadily,

Hence the net force on the body is zero

both in horizontal and vertical directions.

Forces acting on it along horizontal

direction are force of friction (f), force of

push (F)

We know that F
net x 

= 0

                     F+ (-f) = 0

                              F = f

Hence the value of  force of friction is

10N.

3.3 Second law of motion

Newton’s second law explains what

happens to an object when non-zero net

force acts on it.

Place a ball on the verandah and push it

gently. The ball accelerates from rest.

Thus, we can say that force is an action

which produces acceleration.

A non zero net force acting on a body

disturbs the state of equilibrium.

Now we are going to discuss how the

acceleration of an object depends on the

force applied on it and how we measure a

force.

3.3.1 Linear momentum

Let us recall our observations from our

everyday life. If a badminton ball and a

cricket ball hit you with same speed, which

one hurts you more?  A small bullet fired

from gun damages the wall, only due to its

high speed. We all know that a heavy truck

causes more damage than a bicycle if both

hit a wall. These can be explained by a

concept called 'momentum' which is

usually denoted by the symbol ‘p’.

From the above examples, we can say

that the momentum depends on two factors:

one is mass of an object and the other is its

velocity. Newton used the phrase “mass in

motion” to represent the meaning of

momentum. The momentum (p) of a body

is simply defined as the product of its mass

(m) and its velocity (v) : i.e.

Momentum = (mass) x (velocity)

                   p = mv

It can be stated as mass in motion. As

all objects have mass, if an object is in

motion, then it acquires momentum.

Momentum is a vector because velocity

is a vector. Hence, the direction of

momentum is in the direction of velocity.

The SI unit of momentum is kg – m/s

or N-s
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�<�V�²sÁD 1
d�eTÔá\+�|Õ �+ºq 'm' ç<�e«s�¥ >·\ ed�TïeÚ�|Õ

¿ì�ÜÈ d�eÖ+ÔásÁ+>± 10N �\+ �sÁ+ÔásÁ+>±
ç|�jîÖÐ+#á&�+  e\¢  �  ed�TïeÚ �\¿£&�>±
¿£<�T\TÔáT+~.
m) �dÇ#�ÌÛ  ed�Tï  |�{²��  (FBD) (ÿ¿£ �]Ýw�¼

d�eTjáT+e<�Ý � ed�TïeÚ�|Õ |��#ûd�Tïq� n��
�ý²\qT #áÖ�| |�³+)  ^jáT+&�.

_) |��TsÁüD $\Te m+Ôá?

kÍ<ó�q

|�³+`6: �dÇ#�ÌÛ ed�Tï |�³+ (FBD)

ed�TïeÚ �\¿£&�>± ¿£<�T\TÔáT+<�� �eÇ�&�+~.
n+fñ ¿ì�ÜÈ d�eÖ+ÔásÁ, ¿ì�ÜÈ \+� ~XøýË �
ed�TïeÚ�|Õ |��#û�d |��*Ôá �\+ XøSq«+ n� nsÁ�+.

� ed�TïeÚ�|Õ ¿ì�ÜÈ d�eÖ+ÔásÁ ~XøýË |��TsÁüD
�\+ (f), Hî{ì¼q �\+ (F) \T |��#ûd�TïH��sTT.

¿ì�ÜÈ d�eÖ+ÔásÁ ~XøýË |��*Ôá �\+
F

net x  
= 0 n� eTqÅ£� Ôî\Td�T

F + (–f) = 0

F = f

¿±�{ì¼ � ed�TïeÚ�|Õ |��#û�d |��TsÁüD �\+ =10

qÖ«³qT¢

3.3 Âs+&�e >·eTq �jáTeT+
ÿ¿£ ed�TïeÚ�|Õ ç|�jîÖÐ+#á�&�q |��*Ôá �\+

XøSq«+ ¿±¿£bþÔû @+ ÈsÁT>·TÔáT+<Ã qÖ«³H� Âs+&�e
>·eTq �jáTeT+ $e]d�Tï+~.

esÁ+&�ýË  ÿ¿£  �+Ü�  �+º,  HîeT�~>±
Hî³¼+&�.   �+Ü  ÔáÇsÁD²��  bõ+<�TÔáT+~.

n+fñ ed�TïeÚ�|Õ ç|�jîÖÐ+|��&�q �\+ <��ýË
ÔáÇsÁD²�� ¿£*Ð+º+~.

ed�TïeÚ�|Õ |��#û�d  »»XøSq«+ ¿±� |��*Ôá �\+µµ
� ed�TïeÚ jîTT¿£Ø d�eTÔ�d¾�Ü� uó�+>·|�sÁTd�Tï+~.

�|�ÚÎ&�T eTq+ ed�TïeÚjîTT¿£Ø ÔáÇsÁD+ <�� MT<�
ç|�jîÖÐ+#û �\+�|Õ mý² �<ó�sÁ|�&� �+³T+<Ã, �
�ý²�� mý² ¿=\e>·\yîÖ #á]Ì<�Ý+.

3.3.1 ¹sFjáT ç<�e«yû>·+
�Ôá«J$Ôá+ýË eTq+ >·eT�+#û ¿=��

$w�jáÖ\� Èã|¾ï¿ì Ôî#áTÌÅ£�+<�+. ÿ¿£ u²«&��+³H�
�+Ü, ÿ¿£ ç¿ìÂ¿{Ù �+Ü ÿ¹¿ yû>·+ÔÃ �qT� &ó�¿=+fñ
@~ mÅ£�Øe>± �qT� u²~ód�Tï+~? ÿ¿£ ºq� �TýÉ¢{Ù
¹¿e\+ <��¿ì eÚ+&û yû>·+ eýñ¢ >Ã&�Å£� V�ä�
¿£*Ð+#á>·\<�T. ÿ¿£ �dÕ¿ì\T ýñ<� ý²¯  >Ã&�qT &ó�
¿={²¼jáTqTÅ£�+<�+. �dÕ¿ì\T ¿£H�� ý²¯ >Ã&��
mÅ£�Øe>± H�Xøq+ #ûd�Tï+<�� eTqÅ£� Ôî\Td�T.
�³Te+{ì $w�jáÖ*� »»ç<�e«yû>·+µµ nHû uó²eqÔÃ
$e]+#áe#áTÌ. B�� 'p' nHû d�+¹¿Ôá+ÔÃ d�ÖºkÍï+.

�|Õ �<�V�²sÁD\ qT+&� ç<�e«yû>·+ Âs+&�T
n+Xæ\�|Õ �<ó�sÁ|�&�TÔáT+<�� #î|�Îe#áTÌ. n$
#á\q+ýË>·\ ed�TïeÚ ç<�e«s�¥, <�� yû>·+. qÖ«³H�
ç<�e«yû>±�� »»#á\q+ýË ed�TïeÚ ç<�e«s�¥µ (Mass

in motion) >± e]�+#�&�T. ÿ¿£ ed�TïeÚ jîTT¿£Ø ç<�e«
yû>±�� (p) � ed�TïeÚ jîTT¿£Ø ç<�e«s�¥ (m), yû>·+
(v) \ \�Ý+>± #î|�Îe#áTÌ.

ç<�e«yû>·+ R ç<�e«s�¥ I yû>·+
p = mv

B�Hû #á\q+ýË >·\ ç<�e«s�¥>± |¾\TkÍï+.
n�� ed�TïeÚ\Å£L ç<�e«s�¥ �+³T+~ ¿±�{ì¼, ed�TïeÚ
#á\q+ýË �+fñ <��¿ì ç<�e«yû>·+ �+³T+~.

yû>·+ d�~Xøs�¥ ¿±�{ì¼ ç<�e«yû>·+ Å£L&� d�~Xø
s�¥ neÚÔáT+~. yû>·+ ~XøýËHû ç<�e«yû>·+ ~Xø Å£L&�
�+³T+~. ç<�e«yû>·+ jîTT¿£Ø SI ç|�eÖD+
¿ì.ç>±`MT/�d ýñ<� qÖ«³H�̀ �d¿£qT.
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F F

Activity-4

Net force acceleration

Gently push a block of ice on a smooth

surface and observe how the object speeds

up, in other words how it accelerates. Now

increase the net force and observe change

in its speed.

• Is the acceleration increased?

Fig-7: Different forces applied on same

object

Activity-5

Mass acceleration

Apply a force on an ice block. It

undergoes some acceleration.

Now take a block of ice with greater

mass, but apply almost the same force on

this ice block  and observe the acceleration.

Fig-8: Same forces applied on abjects of

different masses

In both the cases, the object

accelerates. But we can observe in the

second case, it does not speed up as quickly

as before.

l From the above examples what have  you

noticed?

The larger the net force the greater the

acceleration, if the mass of the body is

constant, and also larger the mass lesser

the acceleration, if a constant net force is

applied.

According to Newton's 'Princpia'

second law states that the rate of change of

momentum of an object is proportional to

the net force applied on the object, in the

direction of net force.

Thus net force F
net 

a change in

momentum / time

Net force  
Change in momentum

Time
µ

net

p
F

t

D
µ

D
Dp is the change in momentum of a

particle or a system of particles brought

about by the net force in a time interval  Dt.

When the symbol of proportionality is

removed, a constant is inserted in the

equation.

net

p
F k

t

D
=

D
 (k is constrant)

The SI  units of momentum and time

are ‘kg- m/s’ and‘s’ respectively. The unit

of force is so chosen that the value of

constant ‘k’ becomes 1. So that,

net

p
F

t

D
=

D
We know p=mv

so that,

Dp   = D(mv)

If the mass of the body is constant

during its motion then,

Dp = mDv

Now we have,

F F
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F

F F

�|Õ �<�V�²sÁD\ <�Çs� MTsÁT @$T
>·eT�+#�sÁT?

ç<�e«s�¥ d¾�sÁ+>± �q�|�ÚÎ&�T |��*Ôá �\+
mÅ£�Øe>± �+fñ ÔáÇs ÁD+ Å£L&� n~ó¿£+>±
�+³T+~. ný²¹> |��*Ôá �\+ d¾�sÁyîT®q|�ÚÎ&�T
ç<�e«s�¥ mÅ£�Øe>± �+fñ � ed�TïeÚ bõ+~q
ÔáÇsÁD+ ÔáÅ£�Øe>± �+³T+~.

qÖ«³H� s�d¾q »ç|¾�à|¾jáÖµ ç>·+<�̧+ ç|�¿±sÁ+ Ñ

ç<�e«yû>·+ýË eÖsÁTÎ ¹s³T � ed�TïeÚ�|Õ |��#û�d
|��*Ôá �ý²�¿ì nqTýËeÖqTbÍÔá+ýË �+³T+<��
|��*Ôá �\+ |��#û�d ~XøýËHû ç<�e«yû>·+ýË eÖsÁTÎ
�+³T+<�� Âs+&�e >·eTq �jáTeT+ #î�TÔáT+~.

|��*Ôá �\+ µ

ÿ¿£ ¿£D+ ýñ<� ¿£D e«ed���|Õ |��*Ôá �\+
|��#ûjáT&�+e\¢ Dt  ¿±\+ýË y�{ì ç<�e«yû>·+ýË
e#ûÌ eÖsÁTÎ Dp.

nqTbÍÔ á d �+ ¹¿Ô��� Ô=\Ð+ºq| � Ú& �T
d�MT¿£sÁD+ýË ÿ¿£ d¾�s�+¿±�� �+#�*.

ç<�e«yû>·+, ¿±\+ jîTT¿£Ø SI ç|�eÖD²\T
esÁTd�>± ¿ì.ç>±.`MT/�d., �d¿£qT. 'K' $\Te 1 njûT«
$<ó�+>± �\+ jîTT¿£Ø ç|�eÖD²�� rd�TÅ£�q�³¢sTTÔû

p = mv n� eTqÅ£� Ôî\Td�T.
n+<�Te\¢ Dp = D  (mv)

#á\q+ýË �q� ed�TïeÚ ç<�e«s�¥ d¾�sÁ+>± �+fñ
Dp = mDv

B�� �|�jîÖÐ+º |��*Ôá �\+

¿£�Ôá«+ - 4

|��*Ôá �\+ ` ÔáÇsÁD+
qTq�>± �q� Ôá\+ MT<� ÿ¿£ eT+#áT eTT¿£ØqT

�+º HîeT�~>± Hî³¼+&�. n~ yû>±�� mý²
|�Ú+EÅ£�+³T+<Ã ( mý² ÔáÇsÁD²�� bõ+<�TÔáT+<Ã)
>·eT�+#á+&�. �|�ð&�T |��*Ôá �ý²�� �|+º, yû>·+ýË
eÖsÁTÎ� >·eT�+#á+&�.

eT+#áT eTT¿£Ø ÔáÇsÁD+ �|]Ð+<�?

|�³+`7: ÿ¹¿ ed�TïeÚ�|Õ ç|�jîÖÐ+|��&�q
yûsÁT yûsÁT �ý²\T

¿£�Ôá«+ - 5

ç<�e«s�¥ ̀  ÔáÇsÁD+
ÿ¿£ eT+#áT eTT¿£Ø�|Õ ¿=+Ôá �ý²�� ç|�jîÖÐ+º

q|�Ú&�T, n~ ÔáÇsÁD²�� bõ+<�TÔáT+~.
�|�ÚÎ&�T mÅ£�Øe ç<�e«s�¥ >·\ eT+#áT eTT¿£Ø�|Õ

<�<�|�Ú n+Ôû �ý²�� ç|�jîÖÐ+º, ÔáÇsÁD²��
|�]o*+#á+&�.

|�³+`8: $$<ó� ç<�e«s�Xø�\T >·\ ed�TïeÚ\�|Õ
ç|�jîÖÐ+#á�&�q d�eÖq �\+

�|Õ Âs+&�T d�+<�s�ÒÛ\ýËqÖ ed�TïeÚ ÔáÇsÁD²��
bõ+~+~. ¿±ú Âs+&�e d�+<�sÁÒÛ+ýË eTT+<�Tq�+Ôá
ÔáÇsÁ>± ed�TïeÚ e&�� |�Ú+E¿Ãýñ¿£bþsTT+~.

F
net

 µ
   Dp

F
net

 =  K
 Dp

           Dt

F
net

 =  
 Dp

        Dt

Dt

F

ç<�e«yû>·+ýË eÖsÁTÎ
¿±\+
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F
net 

= m
v

t

D
D

We know that  
v

t

D
D

 = a, is called

uniform acceleration.

Then F
net

  = ma

The above formula says that the net

force produces acceleration in a body in

the direction of force.

SI units of force are kg.m/s2. This unit

has been named as Newton (N) and

1N=1kg.m/s2.

Note:

l F
net

= 
p

t

D
D

 is a universal formula that can

be applied for any system whereas

F
net

= ma   can be applied only for a

system with constant mass.

l To solve problems by using Newton’s

second law, the weight of the body is

taken as ‘mg’ vertically down. (You

learn more about this in the chapter

‘Gravitation’)

Example 2

Atwood used the system to prove

Newtons laws of motion.

Atwood machine

Fig-9

Atwood machine consists of two loads

of masses m
1
 and m

2
 attached to the ends

of a limp of inextensible string as shown

in the fig.- 9. The string runs over a pulley.

Find the acceleration of each load and

tension in the string (m
1
>m

2
).

Solution

From fig.- 10 we know that tension of

string always tries to pull the bodies up.

Fig-10

From the FBD of the mass m
1
, there

exist two forces on the load of mass m
1
,

one is tension of the string acting in upward

direction and weight of the load (m
1
g)

acting in downward direction.

The net force on m
1

 F
net

 = m
1
a

Þ m
1
g – T = m

1
a ------ (1)

     ( )1   Tm g >Q

Thus the net force (F
net

) acting on mass

m
1
 produces an acceleration ‘a’ in it.

When m
1
 moves down, m

2
 moves up.

So the magnitudes of acceleration are

same.

From the FBD of mass m
2

F
net

 = T- m
2
g = m

2
a ------ (2)

( )2T   m g>Q
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¿£qT¿£ F
net

= ma

ed�TïeÚ�|Õ |�� #û�d |��*Ôá �\+, � �\ ~XøýËHû
ed�TïeÚ ÔáÇsÁD²�� bõ+<û³T¢ #ûd�Tï+<�� �|Õ d�MT¿£sÁD+
Ôî*jáTCñd�Tï+~.
�\+jîTT¿£Ø SI ç|�eÖD+ ¿ì.ç>±.`MT³sÁT/(�d¿£qT)2.
B�Hû qÖ«³H� n+{²+.

1 qÖ«³H� R 1 ¿ì.ç>±.`MT/(�d¿£qT)2

>·eT�¿£

t F
net

= 
p

t

D
D

 kÍsÁÇ çÜ¿£ d�MT¿£sÁD+. B��

@ e«ed��Â¿ÕH� nqTe]ï+|�CñjáTe#áTÌ. ¿±ú
F

net
= ma d�MT¿£sÁD²�� d¾�sÁ ç<�e«s�¥ >·\

d�+<�s�ÒÛ\ýË eÖçÔáyûT nqTe]ï+|�CñjáÖ*.
t qÖ«³H� Âs+&�e >·eTq �jáTeT+ �|�jîÖÐ+º

d�eTd�«*� kÍ~ó+#�\+fñ, ed�TïeÚ jîTT¿£Ø uó²s���
(mg) ¿ì�ÜÈ \+�+>± rd�T¿Ãy�* (B��
>·T]+º MTsÁT »>·TsÁTÔ�Ç¿£sÁüDµ nHû n<ó�«jáT+ýË
HûsÁTÌÅ£�+{²sÁT)

�<�V�²sÁD 2
qÖ«³H� >·eTq �jáTeÖ\qT n{ÙeÚ&� ÿ¿£

ç|�jîÖ>·+ <�Çs� �sÁÖ|¾+#�&�T.
n{ÙeÚ&� jáT+çÔá+ (Atwood machine)

F
net

 = m 
 Dv

           Dt
qT bõ+<�e#áTÌ.

 
 Dv  

= a
  Dt

d�eTÔáÇsÁD+ n� eTqÅ£� Ôî\Td�T

|�³+ 9ýË #áÖ|¾q³T¢ n{ÙeÚ&� jáT+çÔá+ýË
¿£|ÓÎ <�Çs� |�+|¾q kÍ¹> >·TD+ ýñ� ÿ¿£ Ô�&�TÅ£�
Âs+&�T ºesÁ\ýË m

1
 eT]jáTT m

2
 ç<�e«s�Xø�\T

>·\ uó²s�\T yûý²&�TÔáT+{²sTT. m
1
>

 
m

2 
nsTTq,

� Âs+&�T uó²s�\ ÔáÇsÁD²\qT, Ô�&�TýË Ôáq«ÔáqT
ýÉ¿ìØ+#á+&�.

kÍ<ó�q
|�³+`10ýË #áÖ|¾q³T¢ Ô�&�TýË >·\ Ôáq«Ôá

m\¢|�ÚÎ&�Ö ed�TïeÚ\qT �|Õ¿ì ý²>·TÔáT+~.

|�³+`9

|�³+`10
m

1
 ç<�e«s�¥ jîTT¿£Ø FBD (|�³+`10) <�Çs�,

� ç<�e«s�¥�|Õ Ôáq«Ôá, (T ) �|Õ yîÕ|�ÚÅ£�, <�� uó²sÁ+
(m

1
g ) ¿ì+~yîÕ|�ÚÅ£� |�� #ûd�TïH��jáT� ç>·V¾²+#áe#áTÌ.
m

1
 �|Õ |��*Ôá �\+,

F
net
Rm

1
a

m
1
g– T = m

1
a ..... (1)

( )1   Tm g >Q

m
1
 �|Õ |��*Ôá �\+ ¿£\>·Cñ�d

ÔáÇsÁD+ 'a'

m
1
 ¿ì+~¿ì ¿£<�T\TÔáT+fñ m

2
 �|Õ¿ì yîÞø�ï+~. ¿£qT¿£

y�{ì ÔáÇsÁD²\ |�]eÖD²\T d�eÖq+.
m

2
 jîTT¿£Ø FBD (|�³+ 10)

qT+&�
F

net
R T –m

2
g = m

2
a -------(2)

( )2T   m g>Q
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B

A

Solving (1) and (2) equations, we get

1 2

1 2

( )m m g
a

m m

-
=

+

1 2

1 2

2m m g
T

m m
=

+

3.4 Third law of motion

Activity- 6

Pulling two spring balances

Let’s take two spring balances of equal

calibrations. Connect the two spring

balances as shown in fig.- 12. Pull the

spring balances in opposite directions as

shown in fig.- 12.

Fig-12: Forces applied in opposite direction

l What do you notice from the readings

in the spring balances?

l Are the readings of two spring balances

the same?

l Are we able to make the spring balances

show different readings by pulling them

simultaneously in opposite directions?

Why not?

 According to third law of motion, when

an object exerts a force on an other object,

the second object also exerts a force on

the first one which is equal in magnitude

but opposite in direction.

The two opposing forces are known as

action and reaction pair.  Newton’s third law

explains what happens when one object

exerts a force on another object.

If you are walking on the ground, at each

step, you know that your feet exert some

force on the ground. Are you thinking that

the ground also exerts some force in the

opposite direction on you?

Is it not surprising to hear that when

you push a wall then the wall pushes you

back!

Fig-13: Action and reaction forces

Think and discuss

 l Observe the Fig- 11

Fig- 11

What is the upper limit of weight that

a strong man of mass 80kg can lift as

shown in figure 11 ?

 l What is the momentum of a ceiling

fan when it is rotating?

 l Is it possible to move in a curved path

in the absence of a net force?
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|�³+`12 : e«Ü¹s¿£ ~XøýË |��#û�d �ý²\T
çd¾Î+>·T çÔ�d�T\ ¯&�+>·T\ qT+&� @+
>·eT�+#�eÚ?
Âs+&�T çd¾Î+>·T çÔ�d�T\ýË ̄ &�+>·T\T d�eÖq+>±
�H��jáÖ?
Âs+&�T yîÕ|�Ú\ qT+&� � çd¾Î+>·T çÔ�d�T\qT
ý²>·TÔáÖ, Âs+&�+{ìýË $_óq�yîT®q ¯&�+>·T
rd�TÅ£�s�>·\eÖ? m+<�TÅ£�?
eTÖ&�e >·eTq �jáTeT+ ç|�¿±sÁ+, ÿ¿£ ed�TïeÚ

yûs=¿£ ed�TïeÚ�|Õ �ý²�� ¿£\>·Cñd¾q|�ÚÎ&�T, Âs+&�e
ed�TïeÚ Å£L&� yîTT<�{ì <���|Õ n+Ôû |�]eÖD+ýË
�ý²�� e«Ü¹s¿£~XøýË ¿£\T>·Cñd�Tï+~.

� Âs+&�T e«Ü¹s¿£ �ý²*� ¿£*|¾ #ásÁ« `
ç|�Ü#ásÁ« �ý²\ ÈÔá n+{²+. ÿ¿£ ed�TïeÚ yûs=¿£
ed�TïeÚ�|Õ �ý²��  ¿£\>·Cñ�dï @+ ÈsÁT>·TÔáT+<Ã
qÖ«³H� eTÖ&�e >·eTq �jáTeT+ $e]d�Tï+~.

MTsÁT Hû\�|Õ q&�Td�Tïq�|�ÚÎ&�T, ç|�r n&�T>·TýË,
bÍ<�+ Hû\�|Õ �ý²�� ¿£\T>·CñjáT&�+ >·eT�+º
�+{²sÁT. nsTTÔû Hû\Å£L&� e«Ü¹s¿£ ~XøýË MT�|Õ
�ý²�� ¿£\T>·Cñd�Tï+<��  nqTÅ£�+³TH��s�?

MTsÁT >Ã&�� Hî{ì¼q|�ÚÎ&�T, >Ã&� Å£L&� $TeT�*�
Hî&�TÔáT+<�+fñ �XøÌsÁ«+>± n�|¾d�Tï+~ ¿£<�!

|�³+`13 : #ásÁ« ç|�Ü#ásÁ« �ý²\T

(1), (2) d�MT¿£sÁD²\qT kÍ~ó+#á>±

a =

T =

(m
1
– m

2
)g

m
1
+ m

2

2m
1
m

2
g

m
1
+ m

2

3.4 eTÖ&�e >·eTq �jáTeT+

¿£�Ôá«+ - 6

Âs+&�T çd¾Î+>́ çÔ�d�T\qT e«Ü¹s¿£~XøýË ý²>·³+
ÿ¹¿ $<ó�yîT®q ¿=\Ôá\T >·\ Âs+&�T çd¾Î+>·T

çÔ�d�T\T rd�T¿Ã+&�. |�³+ 12ýË #áÖ|¾q³T¢ y�{ì�
¿£\|�+&�. �sÁTyîÕ|�Ú\ qT+&� çd¾Î+>·T çÔ�d�T\T
|�³T¼Å£�� ý²>·+&�.

A

B

�ýËº+#á+&� ̀  #á]Ì+#á+&�

|�³+ 11� >·eT�+#á+&�

|�³+`11
80 ¿ì.ç>±.\ ç<�e«s�¥ >·\ <��&ó�yîT®q e«¿ìï
|�³+ 11ýË #áÖ|¾q $<ó�+>± >·]w�¼+>± m+Ôá
�sÁTeÚqT �|Õ¿ì mÔáï>·\&�T?
ÜsÁT>·TÔáTq� dÓ*+> ́b�Í«H� jîTT¿£Ø ç<�e«yû>·+
m+Ôá?
|��*Ôá �\+ ýñq|�ÚÎ&�T ed�TïeÚ eç¿£eÖsÁZ+ýË
#á*+#á>·\<�?
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a direction opposite to  the expelled  gases.

It is shown in fig.-14

Fig-14 : Motion of rocket

l Does the rocket exert a force on the gas

expelled from it?

Activity-7

Balloon rocket

Inflate a balloon and press its neck with

fingers to prevent air escaping from it.

Pass a thread through a straw and tape

the balloon on the straw as shown in the

fig.-15.

Hold one end of the thread and ask your

friend to hold the other end of the thread.

Now remove your fingers from the

balloon’s neck so as to release the air from

the balloon.

l What happens now ?

Fig-15: Balloon rocket

If two objects interact, the force F
BA

exerted by the object ‘A’ on the object ‘B’

is equal in magnitude and opposite in

direction to the force F
AB

 exerted by object

‘B’ on the object ‘A’.

                       F
AB

 = -F
BA

The negative sign indicates that the

reaction force is acting in a direction

opposite  to that of action force. This states

that no single isolated force exists.

Newton’s first and second laws of

motion apply to a single body, whereas

Newton’s third law of motion applies to an

interaction between the two bodies. Note

that the two forces in Newton’s third law

never act on the same body. The action-

reaction pair in Newton’s third law always

represents forces acting on two different

bodies simultaneously.

Let us consider the following

examples.

When birds fly, they push the air

downwards with their wings, and the air

pushes back the bird in opposite upward

direction. Thus the force applied by the

wings of bird on air and an opposite force

applied by the air on wings are equal in

magnitude and opposite in direction.

When a fish swims in water, the fish

pushes  the water back and the water pushes

the fish with equal force but in opposite

direction. The force applied by the water

makes the fish to move forward.

 A rocket accelerates by expelling gas

at high velocity. The reaction force of the

gas on the rocket accelerates the rocket in

S
C
E
R
T, T

E
LA

N
G
A
N
A



>·eTq �jáTeÖ\T 80$<�«sÁT�\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

H��ýÙ qT+&� yî\Te&û y�jáTTeÚ¿ì e«Ü¹s¿£ ~XøýË
s�Â¿{Ù ÔáÇsÁD+ #î+<�TÔáT+~. �~ |�³+ 14ýË
#áÖ|��&�+~.

|�³+`14  : s�Â¿{Ù #á\q+
H��ýÙ qT+&� yî\Te&û y�jáTTeÚ�|Õ s�Â¿{Ù  �ý²��
ç|�jîÖÐd�Tï+<�?

¿£�Ôá«+ - 7

uÉ\ÖH� s�Â¿{Ù
ÿ¿£ uÉ\ÖH�ýË¿ì >±* }~ �jáT{ì¿ì yîÞø¢Å£�+&�

eTÖÜ� >·{ì¼>± yûÞø¢ÔÃ |�³T¼¿Ã+&�.
ÿ¿£ <�s��� çkÍ¼ >·T+&� |�+|�+&�. |�³+ 15ýË

#áÖ|¾q $<ó �+>± uÉ\ÖH�qT çkÍ¼Å £� fñ| �ÚÔÃ
nÜ¿ì+#á+&�.

<�sÁ+ ÿ¿£ ºe] ¿=q MTsÁT |�³T¼¿=�, Âs+&�e
ºesÁqT MT �d�V¾²ÔáT&�� |�³T¼¿ÃeTq+&�. uÉ\ÖH�
eTÖÜ e<�Ý yûÞø¢qT rd¾yûjáT+&�.

@+ ÈsÁT>·TÔáT+~?

|�³+`15 : uÉ\ÖH� s�Â¿{Ù

Âs+& � T ed � T ïe Ú\T | �s Ád � Îs Á+ �ý²\T
ç|�jîÖÐ+#áT¿=+³Tq�|�ð&�T n+fñ ç|�Üç¿ìjáT È]�|
³|�ð&�T, A ed�TïeÚ B ed�TïeÚ�|Õ ¿£\T>·Cñd¾q �\+
F

BA,
 B ed�TïeÚ  A ed�TïeÚ�|Õ ¿£\T>·Cñd¾q�\+ F

AB
Å£�

|�]eÖD+ýË d�eÖq+>±qT, ~XøýË e«Ü¹s¿£+>±qT
�+³T+~. |�³+ 13qT >·eT�+#á+&�.

F
AB

 = –F
BA

�|Õ d�MT¿£sÁD+ýË #ás�« �ý²�¿ì ç|�Ü#ás�« �\+
e«Ü¹s¿£~XøýË �+³T+<�� �TTD d�+Èã Ôî*jáT
Cñd�Tï+~. B���{ì¼ ¹¿e\+ ÿ¹¿ÿ¿£ ýñ<� @¿±+¿£
�\+ nHû~ �+&�<�T n� Ôî\Td�Tï+~.

qÖ«³H� yîTT<�{ì, Âs+&�e >·eTq �jáTeÖ\T
ÿ¹¿ ed�TïeÚÅ£� $�jîÖÐkÍï+. qÖ«³H� eTÖ&�e
>·eTq �jáTeÖ�� Âs+&�T ed�TïeÚ\ eT<ó�« >·\  ç|�Ü
ç¿ìjáTÅ£� $�jîÖÐkÍï+. qÖ«³H� eTÖ&�e >·eTq
�jáTeT+ýË Ôî*�| Âs+&�T �ý²\T ÿ¹¿ ed�TïeÚ�|Õ
|�� #ûjáTe� >·eT�+#�*. � �ý²\ È+³ ÿ¹¿
d�eTjáT+ýË Âs+&�T yû¹sÇsÁT ed�TïeÚ\�|Õ |��#û�d
�ý²\qT d�Öºd�Tï+~.

¿ì+~ �<�V�²sÁD\qT |�]o*<�Ý+.
|�Å£��\T mÐ¹s³|�ÚÎ&�T y�{ì Âs¿£Ø\ÔÃ >±*�

¿ì+~¿ì Hî&�Ô�sTT. n|�ð&�T >±* Å£L&� |�¿ì��
e«Ü¹s¿£~XøýË (�|Õ¿ì) Hî&�TÔáT+~. Âs¿£Ø\T >±* MT<�
ç|�jîÖÐ+#û �\+,  >±* |�¿ì� Âs¿£Ø\�|Õ ç|�jîÖÐ+#û
�ý²\T Âs+&�Ö d�eÖq |�]eÖD+ýË, e«Ü¹s¿£ ~XøýË
�+{²sTT.

ú{ìýË �<�TÔáTq� #û|�, ú{ì� yîq¿ìØ Hî&�TÔáT+~.
n<û d�eTjáT+ýË úsÁT #û|�� eTT+<�TÅ£� Hî&�TÔáT+~.
� Âs+&�Ö �ý²\T |�]eÖD+ýË d�eÖq+>± �+&�
e«Ü¹s¿£ ~XøýË |��#ûd�Tï+&�&�+e\¢ #û|� eTT+<�TÅ£�
¿£<�T\TÔáT+~.

s�Â¿{Ù n&�T>·T uó²>·+ýË >·\ H��ýÙ qT+&�
nÜyû>·+>± yî\Te&û y�jáTTeÚ\ e\¢ s�Â¿{Ù
ÔáÇsÁD²�� bõ+<�TÔáT+~. H��ýÙ qT+&� yî\Te&û
y�jáTTeÚ s�Â¿{Ù�|Õ ç|�jîÖÐ+#û ç|�Ü#ás�« �\+ e\¢
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Inflate a balloon and tie its neck. The

air within the balloon exerts force on the

walls of the balloon equally in all the

directions as shown in fig.-.15

This is balanced by the elastic forces

of the balloon.

Fig-16: The forces on the inside wall of a
balloon

When you release the neck of the

balloon to allow  air to escape from the

balloon, what happens?  The balloon  moves

in a direction opposite to that of escaping

air. The momentum of the balloon and air

is begins with zero, when the air escapes

with some velocity, the balloon moves in

the opposite direction to balance the

momentum of the escaping air.

Hence Baloon will get acceleration in

the direetion of net force.

Aim: To show the action and reaction

forces acting on two different objects.

Material required: Test tube, rubber cork,

Bunsen burner, retort stand, water and

thread.

Procedure

l Take a test tube of good quality glass and

put small amount of water in it. Place a

rubber cork at its mouth to close it.

l Now suspend the test tube horizontally

with the help of two strings as shown in

the fig.- 17.

Fig-17

l Heat the test tube with a Bunsen burner

until water vaporizes and cork blows out.

Observe the movement of the test tube

when rubber cork blows out.Compare the

directions of movement of test tube as well

as rubber cork. Observe the difference in

the velocity of rubber cork and that of

recoiling test tube.

l What do you infer from above

experiment?

 l The force exerted by the earth on the

ball is 8N. What is the force on the

earth by the ball?

 l A block is placed on the horizontal

surface. There are two forces acting

on the block. One, the downward pull

of gravity and other a normal force

acting on it. Are these forces equal and

opposite? Do they form action –

reaction pair? Discuss with your

friends.

 l Why is it difficult for a fire fighter to

hold a hose that ejects large amount

of water at high speed?

Lab Activity

Think and discuss

Test tube

Water

String

Rubber Cork

Bunsen burner

Retort Stand
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uÉ\ÖH�ýË >±* �+|¾ <�� eTÖÜ� <�sÁ+ÔÃ
¿£³¼+&�. |�³+`16ýË #áÖ|¾q $<ó�+>± uÉ\ÖH�ýË
>·\ >±* <�� >Ã&�\�|Õ n�� ~Xø\ýËqÖ d�eÖq+>±
�ý²�� ç|�jîÖÐd�Tï+~.

uÉ\ÖH� jîTT¿£Ø d¾�ÜkÍ�|�¿£Xø¿ìï e\q �~ ÔáT\«+
#ûjáT�&�q~.

|�³+`16 : uÉ\ÖH� ýË|�* >Ã&�\�|Õ �ý²\T

uÉ\ÖH� eTÖÜ¿ì ¿£{ì¼q <�s��� Ô=\Ð�dï @+
ÈsÁT>·TÔáT+~? uÉ\ÖH�, >±* �jáT³Å£� ed�Tïq� ~XøÅ£�
e«Ü¹s¿£ ~XøýË ¿£<�T\TÔáT+~. >±* eT]jáTT
uÉ\ÖH�\ ç<�e«yû>±\T XøSq«+ÔÃ �sÁ+uó�eTeÚÔ�sTT.
¿=+Ôá yû>·+ÔÃ >±* �jáT³Å£� ed�Tïq�|�ð&�T >±*
ç<�e«yû>·+qT d�eTÔáT\«+ #ûjáTT³Å£� uÉ\ÖH� e«Ü¹s¿£
~XøýË ¿£<�T\TÔá+~.

¿±�{ì¼ � |��*Ôá �\ ~XøýËHû uÉ\ÖH� ÔáÇsÁD²��
bõ+<�TÔáT+~.

�<ûÝXø«+: Âs+&�T $_óq� ed�TïeÚ\ MT<� |��#û�d #ásÁ«
ç|�Ü#ásÁ« �ý²\qT #áÖ|�Ú³.

¿±e*d¾q |�]¿£s�\T: |�̄ ¿£� H�[¿£, sÁ�ÒsÁT ¿±sÁTØ,
�THîàH� �sÁ�sY, ]{²sY¼ kÍ¼+&�T, <�sÁ+

|�<�ÆÜ:
ÿ¿£ |�̄ ¿£� H�[¿£ýË ¿=~Ý>± úsÁT rd�T¿=�  <��
eTÖÜ� sÁ�ÒsÁT ¿±sÁTØÔÃ eTÖjáT+&�.
|�³+ 17ýË #áÖ|¾q $<ó�+>± Âs+&�T <�s�\
d �V � äjá T+ÔÃ | �¯¿ £ � H�[¿ £qT ¿ ì �ÜÈ
d�eÖ+ÔásÁ+>± yûý²&�BjáT+&�.

|�³+`17

�THîàH� �sÁ�sY d�V�äjáT+ÔÃ |�̄ ¿£� H�[¿£qT,
yû&� #ûjáT+&�. <��ýË úsÁT �$ÂsÕ, � �$]
sÁ�ÒsÁT ¿±sÁTØqT �jáT³Å£� Hîfñ¼esÁÅ£� yû&�
#ûd�ÖïHû �+&�*.
¿±sÁTØ ÿ¿£ØkÍ]>± �jáT³Å£� eºÌq|�Ú&�T |�̄ ¿£�

H�[¿£ #á\H��� >·eT�+#á+&�. ¿±sÁTØ, |�̄ ¿£� H�[¿£\
#á\q ~Xø\qT bþ\Ì+&�. ný²¹> y�{ì yû>±\ýË
Ôû&�qT >·eT�+#á+&�.

�|Õ ç|�jîÖ>·+ <�Çs� úeÚ @$T �sÁ�sTT+#á>·\eÚ?

�ýËº+#á+&�̀ #á]Ì+#á+&�

ÿ¿£ �+Ü �|Õ uó�Ö$T ç|�jîÖÐ+#û �\+ 8
qÖ«³qT¢  nsTTÔû,  � �+Ü  uó�Ö$T�|Õ
ç|�jîÖÐ+#û �\+ m+Ôá?
ÿ¿£ #î¿£Ø ~eT�  ¿ì�ÜÈ d�eÖ+ÔásÁ Ôá\+�|Õ
�+~. � ~eT��|Õ <��� ¿ì+~¿ì ý²¹>
>·TsÁTÔ�Ç¿£sÁüD �\+, �|Õ¿ì Hîfñ¼ n_ó\+� �\+
|�� #ûkÍïsTT. � Âs+&�T �ý²\T |�]eÖD+ýË
d�eÖq+>± �+³Ö, e«Ü¹s¿£ ~Xø\ýË
�+{²jáÖ? � �ý²\ ÈÔáqT #ásÁ«`ç|�Ü#ásÁ«
ÈÔá>±  #î|�Îe#�Ì?  MT  �d�V¾²ÔáT\ÔÃ
#á]Ì+#á+&�.
eT+³\qT �sÁÎ&��¿ì �|�jîÖÐ+#û >={²¼\
qT+&� nÜ yû>·+>± úsÁT �jáT³Å£� ed�Tï+~.
� >={²¼\qT |�³T¼¿Ãe&�+ #�ý² ¿£w�¼+.
m+<�TÅ£�?

]{²sY¼ kÍ¼+&�

|�̄ ¿£� H�[¿£

úsÁT

<�sÁ+

sÁ�ÒsÁT ¿±sÁTØ

�THîàH� �sÁ�sY

ç|�jîÖ>·Xæ\ ¿£�Ôá«+
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on the second is equal to the force exerted

by the second marble on the first one.

Hence      F
12 

= -F
21

Hence we get,

(Dp)
1
   = - (Dp)

2

    t          t

   m
1
v

1
-m

1
u

1
   = - (m

2
v

2
-m

2
u

2
)

          t         t

After solving this, we get

m
1
u

1
+m

2
u

2
 = m

1
v

1
+m

2
v

2

m
1
u

1
+m

2
u

2
 is the total momentum of

the two marbles before collision and

m
1
v

1
+m

2
v

2
 is the total momentum of the

two marbles after collision.

From the above equation, we observe

that the total momentum is unchanged

before and after collisions. We can say that

the momentum is conserved. Law of

"Conservation of Momentum" states

that in the absence of a net external force

on the system, the momentum of the

system remains unchanged".

3.6 Impulse

It will be surprising if anybody says

that the fall doesn’t hurt, but it is the sudden

stop at the end that hurts you. Is it true?

l Why does a pole vault jumper land on

thick mats of foam?

l Is it safe to jump on sand rather than a

cement floor? Why?

A softer and more cushioned landing

surface provides a greater stopping distance

because  of  the  longer time taken to stop.

3.5 Law of conservation of

momentum

Let two objects with masses m
1
 and m

2

are traveling with different velocities u
1
 and

u
2
 respectively in the same direction along

a straight line. If u
1
>u

2 
they collide with

each other and the collision lasts for time

‘t’, which is very small.During the collision

the first marble exerts a force on the second

marble F
21

 and the second marble exerts a

force on the first marble F
12

. Let v
1
 and v

2

be the velocities of the marbles

respectively after collision.

Fig-18: Conservation of  momentum

      What are the momenta of the marbles

before and after collision?  Let’s know

from the table.

     Marble 1  Marble 2

Momentum m
1
u

1
   m

2
u

2

before collision

Momentum m
1
v

1
   m

2
v

2

after collision

Change in m
1
v

1
-m

1
u

1
   m

2
v

2
-m

2
u

2

momentum,Dp

Rate of change     (m
1
v

1
-m

1
u

1
)  (m

2
v

2
-m

2
u

2
)

in momentum                t t

       Dp

       Dt

According to Newton’s third law of

motion, the force exerted by first marble
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3.5 ç<�e«yû>· �Ôá«ÔáÇ �jáTeT+
(Conservation of momentum-Impulse)

m
1
 eT]jáTT m

2
 ç<�e«s�Xø�\T >·\ Âs+&�T

>ÃÞ²\T esÁTd�>± u
1
,  u

2
 yû>±\ÔÃ |�³+`18ýË

#áÖ|¾q $<ó�+>± d�sÁÞø¹sU² eÖsÁZ+ýË ÿ¹¿ ~XøýË
ç|�jáÖDìd�TïH��jáTqTÅ£�+<�+. u

1
 >  u

2
 nsTTÔû

>ÃÞ²\T n_ó|��ÖÔá+ #î+<�TÔ�sTT. n_ó|��ÖÔá ¿±\+
't' #�ý² d�Ç\Î+>± �+³T+~. n_ó|��ÖÔá d�eTjáT+ýË
yîTT<�{ì >ÃÞø+, Âs+&�e >ÃÞø+�|Õ ç|�jîÖÐ+ºq �\+
F

21
 n�  Âs+&�e >ÃÞø+ yîTT<�{ì >ÃÞø+�|Õ ç|�jîÖÐ+#û

�\+ F
12
 n� nqTÅ£�+<�+. n_ó|��ÖÔá+ Ôás�ÇÔá �

>ÃÞ²\ yû>±\T esÁTd�>± v
1
, v

2
 nqTÅ£�+<�+.

|�³+`18 : ç<�e«yû>· �Ôá«ÔáÇ+
n_ó|��ÖÔá+ eTT+<�T, Ôás�ÇÔá >ÃÞ²\ ç<�e«yû>±\T

m+Ôá �+{²sTT? ¿ì+~ |�{ì¼¿£ <�Çs� Ôî\Td�T
Å£�+<�+.

qÖ«³H� eTÖ&�e >·eTq �jáTeT+ ç|�¿±sÁ+
yîTT<�{ì >ÃÞø+ Âs+&�e >ÃÞø+�|Õ ç|�jîÖÐ+ºq �\+,
Âs+&�e >ÃÞø+ yîTT<�{ì >ÃÞø+ MT<� ç|�jîÖÐ+ºq

�ý²�¿ì |�]eÖD+ýË d�eÖq+>±qÖ, ~XøýË
e«Ü¹s¿£+>±qÖ �+³T+~.

¿±�{ì¼ F
12

 = –F
21

�|Õ d�MT¿£sÁD²�� kÍ~ó+#á>±

m
1
u

1
+ m

2
u

2 
=m

1
v

1
+ m

2
v

2

m
1
u

1
+  m

2
u

2 
nHû~ n_ó|� �ÖÔ��¿ì eTT+<�T

>ÃÞ²\ e«ed�� ç<�e«yû>±�� , m
1
v

1
+  m

2
v

2 
nHû~

n_ó|��ÖÔá+ Ôás�ÇÔá >ÃÞ²\ e«ed�� ç<�e«yû>±��
d�Öºd�Tï+~.

�|Õ d�MT¿£sÁD²�� |�]o*�dï n_ó|��ÖÔá+ eTT+<�T,
n_ó|��ÖÔá+ Ôás�ÇÔá e«ed�� ç<�e«yû>·+ýË eÖsÁTÎ
s�ýñ<�� Ôî\Td�Tï+~. n+fñ e«ed�� jîTT¿£Ø ç<�e«yû>·+
�Ôá«ÔáÇ+ ¿±�&�+~ n� nsÁ�+. e«ed�� MT<� |��*Ôá
u²V�²« �\+ |��#ûjáTq|�ÚÎ&�T <�� ç<�e«yû>·+
eÖsÁÅ£�+&� �+³T+<�� ç<�e«yû>· �Ôá«ÔáÇ �jáTeT+
Ôî*jáTCñd�Tï+~.

3.6 ç|�#Ã<�q+ :
eTq+ |�&�bþe&�+ e\¢ u²<ó� ¿£\>·<�T. ¿±ú

|�&�q|�ÚÎ&�T V�²sÄ�Ôá T ï>± �>·&�+ e\¢ u²<ó �
¿£\T>·TÔáT+<�� meÂsÕH� n+fñ eTqÅ£� �XøÌsÁ«+
yûd�Tï+~ ¿£<�! �~ �ÈyûTH�?

bþýÙy�ýÙ¼ �&ûy�sÁT kÍÎ+CÙÔÃ #ûd¾q |�sÁT|�Ú MT<�
<�ÖÅ£�Ô�sÁT. m+<�TÅ£�?
�d�T¿£ Hû\ MT<� <�Ö¿£&�+ d�TsÁ¿ì�ÔáeÖ? d¾yîT+{Ù
>·#áTÌ�|Õ <�Ö¿£&�+ d�TsÁ¿ì�ÔáeÖ? m+<�TÅ£�?

eT�<�TyîÕq, yîTÔáï� Ôáý²\T ed�TïeÚ� �|�&�+ýË
mÅ£�Øe d�eTjáÖ�� rd�T¿Ãe&�+ e\¢  »��| <�ÖsÁ+µ

  
(Dp)

1

t
  
(Dp)

2

t
= –

= –
m

1
v

1
–m

1
u

1

t

m
2
v

2
– m

2
u

2

t

n_ó|��ÖÔá+eTT+<�T
ç<�e«yû>·+

m
1
u

1 m
2
u

2

n_ó|��ÖÔá+Ôás�ÇÔá
ç<�e«yû>·+ m

2
v

2
m

1
v

1

ç<�e«yû>·+ýË
eÖsÁTÎ

m
1
v

1
–m

1
u

1 m
2
v

2
–m

2
u

2

ç<�e«yû>·+ýË
eÖsÁTÎ ¹s³T

>Ã° 1 >Ã° 2

m
1
v

1
–m

1
u

1

t

m
2
v

2
–m

2
u

2

t  
Dp
Dt
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That’s why the fielder pulls back his

hands while catching a fast moving cricket

ball. In this situation, the fielder is trying

to increase the time to decrease its

velocity.

Thus, the rate of change of momentum

will be less so that the force of impact of

the ball on hands will be reduced.

As we expressed the second law as

F
net

= 
p

t

D
D

In order to minimize F
net 

, you have to

maximize the stopping time.

      We get F
net

 Dt =  Dp

From the above equation we know that

the product of net force and interaction time

is called impulse of net force. Impulse is

equivalent to the change in momentum that

an object experiences during an interaction.

Forces exerted over a limited time are

called impulsive forces. Often the

magnitude of an impulsive force is so large

that its effect is appreciable, even though

its duration is short. Let us observe the

following activity.

Activity-8

Dropping eggs

Take two eggs and drop them from  a

certain height such that one egg falls on a

concrete floor and another egg falls on a

cushioned pillow.

l What changes do you notice in both

eggs after they are dropped? Why?

               Fig-19(a)               Fig-19(b)
Fig-19: (a) fall of an egg on a concrete floor

(b) fall of an egg on a cushioned pillow.

When we drop the egg on the concrete

floor, it will break, because a large force

acts on the egg for the short interval of

time.

Dp = F
net2 

Dt
1

When we drop the egg on a cushioned

pillow, it doesn’t break because a smaller

force acts on the egg for longer time.

Dp = F
net

  Dt
2

Even if the Dp is the same in both the

cases, the magnitude of the net force (F
net

)

acting on the egg determines whether the

egg will break or not.

Why does a fielder catch a fast moving

cricket ball by pulling back his arms while

catching it? If he doesn’t pull his hands back

what would happen? The ball definitely

hurts him. When he pulls back his hands he

experiences a smaller force for a longer

time. The ball stops only when your hands

stop. This shows that the change in the

momentum not only depends on the

magnitude of the force but also on the time

during which force is exerted on that

object.

Think and discuss

 l A meteorite burns in the atmosphere

before it reaches the earth’s surface.

What happens to its momentum?
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(stopping distance) mÅ£�Øe>± �+³T+~.
n+<�Te\¢Hû yû>·+>± ed�Tïq� ç¿ìÂ¿{Ù �+Ü� »¿±«#Yµ
#û�d³|�ÚÎ&�T � e«¿ìï Ôáq #ûÔáT\qT yîqT¿£Å£�
ý²>·TÔ�&�T. � d�+<�sÁÒÛ+ýË nÔá&�T �+Ü yû>±��
ÔáÐZ+#á&��¿ì mÅ£�Øe d�eTjáÖ�� rd�TÅ£�+{²&�T.

�ý² #ûjáT&�+ e\¢ �+Ü ç<�e«yû>·+ýË eÖsÁTÎ
¹s³T ÔáÅ£�Øe>± �+³T+~. |��*Ôá+>± #ûÔáT\�|Õ �+Ü
ç|�jîÖÐ+#û �\+ Ôá>·TZÔáT+~.

qÖ«³H� Âs+&�e �jáTeÖ��

F
net

= 
p

t

D
D

  >± d�ÖºkÍï+.

|��*Ôá �ý²�� ÔáÐZ+#�\+fñ, ��| ¿±ý²��
(Stopping time) �|+#�*.

n+fñ, F
net   

Dt R Dp

�|Õ d�MT¿£sÁD+ qT+&� |��*Ôá �\+, |��*Ôá �\+
|�� #ûd¾q ¿±ý²\ \u²Æ�� »|��*Ôá �\+ jîTT¿£Ø
ç|�#Ã<�q+µ (impulse of net force) n+{²+. ÿ¿£
ed�TïeÚ�|Õ �\+ ç|�jîÖÐ+ºq|�ÚÎ&�T � ed�TïeÚ
ç<�e«yû>·+ýË bõ+<û eÖsÁTÎ »ç|�#Ã<�H��¿ìµ d�eÖq+.
d�Ç\Î¿±\+ bÍ³T ç|�jîÖÐ+#á�&�q � �ý²\qT
ç|�#Ã<�H� �ý²\T n+{²s. ç|�#Ã<�H� �\|�]eÖD+
nÜd�Ç\Î ¿±\+bÍ³T |��#ûd¾q|�Î{ì¿¡ <�� ç|�uó²e+
#�ý² mÅ£�Øe>± �+³T+~. ¿ì+~ ¿£�Ô�«��
|�]o*<�Ý+.

¿£�Ôá«+ - 8

>·T&�T¦qT C²sÁ$&�e&�+
Âs+&�T ¿Ã&� >·T&�T¢qT rd�TÅ£�� y�{ì� ÿ¹¿ mÔáTï

qT+&�, ÿ¿£{ì >·{ì¼ >·#áTÌ MT<� |�&û³³T¢>±, Âs+&�e~
yîTÔáï� ~+&�T MT<� |�&û³³T¢>± C²sÁ$&�Te+&�.

Ôáý²�� Ô�¿ìq Ôás�ÇÔá � >·T&�¢ýË m³Te+{ì
eÖsÁTÎ� >·eT�+#�sÁT? m+<�TÅ£�?

     |�³+`19 (a)   |�³+`19 (b)

|�³+`19 : (m) >·T&�T¦ >·#áTÌ�|Õ |�&�T³
(_) >·T&�T¦ yîTÔáï� ~+&�T�|Õ |�&�T³

>·#áTÌ MT<� |�&�q >·T&�T¦ |�Ð*bþÔáT+~ ¿±sÁD+,
<���|Õ n~ó¿£ �\+ nÜd�Ç\Î ¿±\+ |�� #ûjáT&�yûT.

Dp = F
net1 

Dt
1

yîTÔáï� ~+&�T MT<� |�&�q >·T&�T¦ |�>·\<�T ¿±sÁD+,
ÔáÅ£�Øe �\+ mÅ£�Øe ¿±\+ bÍ³T |�� #ûd¾+~.

Dp = F
net2

 Dt
2

Âs+&�T d�+<�s�ÒÛ\ýË Dp d�eÖq+ nsTTq|�Î{ì¿¡,
>·T&�T¦ |�>·T\TÔáT+<� ` |�>·\<� n� �sÁ�sTT+#û~
>·T&�T¦ MT<� |��#û�d |��*Ôá �\yûT (F

net
).

yû>·+>± ed�Tïq� ç¿ìÂ¿{Ù �+Ü� ��| e«¿ìï #ûÔáT\T
yîqT¿£Å£� m+<�TÅ£� ý²>·TÔ�&�T? ný² ý²>·¿£bþÔû
@+ ÈsÁT>·TÔáT+~? nÔá�¿ì H=|¾Î ¿£\T>·TÔáT+~ ¿£<�!
ný² ý²>·&�+ e\¢ nÔá� #ûÔáT\�|Õ ÔáÅ£�Øe �\+
mÅ£�Øe ¿±\+bÍ³T |�� #ûd�Tï+~. yîqT¿£Å£� ý²Ðq
#ûÔáT\T |�P]ï>± �Ðq|�ÚÎ&û �+Ü Å£L&� �>·TÔáT+~.
B�� �{ì¼ ç<�e«yû>·+ýË eÖsÁTÎ ¹¿e\+ |��*Ôá �\
|�]eÖD+ MT<�Hû ¿±¿£ �\+ ç|�jîÖÐ+|��&�q
¿±\+ MT<� Å£L&� �<ó�sÁ|�&� �+³T+<�� Ôî\Td�Tï+~.

 �ýËº+#á+&�̀ #á]Ì+#á+&�

uó�Öy�Ô�esÁD+ýË¿ì ç|�yû¥+ºq ÿ¿£ �\Ø
eT+&�bþsTT+~. ný² eT+&�q|�ÚÎ&�T <��
ç<�e«yû>·+ @yîT®q³T¢?
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Let v
1
 be the velocity of the cannon after

shot. The initial momentum of system is

zero.

The final momentum of the system

= m
1
v

1
+m

2
v

2

From the conservation of linear

momentum, We get,

m
1
v

1
+m

2
v

2
 = 0

m
1
v

1
 = - m

2
v

2

v
1
 = - m

2
v

2
 /m

1

Substituting the given values in the

above equation, we get

v
1

= - (300kg) x (400m/s)

   12000kg

= -10 m/s.

Thus the velocity of cannon is 10m/s

after the shot.

Here ‘-’ sign indicates that the canon

moves in a direction opposite to the motion

of the bullet.

 l As you throw a heavy ball upward, is

there any change in the normal force

on your feet?

 l When a coconut falls from a tree and

strikes the ground without bouncing.

What happens to its momentum?

 l Air bags are used in cars for safety.

Why?

Example 3

A cannon of mass m
1
 = 12000 kg

located on a smooth horizontal platform

fires a shell of mass m
2
 =  300  kg  in

horizontal direction with a velocity

v
2
 = 400m/s. Find the velocity of the

cannon after it is shot.

Solution

Since the pressure of the powder gases

in the bore of the cannon is an internal force

the net external force acting on cannon

during the firing is zero.

Laws of motion, Inertia, Mass, Linear momentum, Conservation of momentum,

Impulse, Impulsive force

l First Law of Motion: A body continues its state of rest or of uniform motion unless a

net force acts on it.

l The natural tendency of objects to resist a change in their state of rest or of uniform

motion is called inertia.

l The mass of an object is a measure of inertia. SI unit of mass is Kilogram (kg).

l Second Law of Motion: The rate of change of momentum of a body is directly

proportional to the net force acting on it and it takes place in the direction of net

force.

What we have learnt
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¿¡\¿£ |�<�\T

m
2
v

2

m
1

v
1 
= –

v
1
 R

ÈsÁ>·&��¿ì ¿±sÁDyîT®q y�jáTTeÚ\T ç|�jîÖÐ+#û
�ý²\T e«ed� �ýË >·\ n+ÔásÁ ZÔ á �ý²\T>±
|�]>·Dì+#�*. ¿±�{ì¼ e«ed���|Õ |��*Ôá �\+ XøSq«+.

|� ¾s Á+Ð �|*Ìq Ôás�ÇÔá <�� yû>·+ v
1

nqTÅ£�+<�+. e«ed�� Ô=* ç<�e«yû>·+ XøSq«+.
e«ed�� ÔáT~ ç<�e«yû>·+ R m

1
v

1
+ m

2
v

2

¹sFjáT ç<�e«yû>· �Ôá«ÔáÇ �jáTeT+ ç|�¿±sÁ+,
m

1
v

1 
+ m

2
v

2
=   0

m
1
v

1  
=  –  m

2
v

2

`300 ¿ì.ç>±. I 400 MT/�d
     12000 ¿ì.ç>±.

R `10 MT/�d
n+fñ  |�¾sÁ+Ð  �|*q  Ôás�ÇÔá  <��   yû>·+

10 MT/�d �+³T+~. �TTD d�+Èã >·T+&�T #á\H��¿ì
e«Ü¹s¿£ ~XøýË |�¾sÁ+Ð #á\H��� d�Öºd�Tï+~.

�+Ü� �³¼�\TeÚ>± �|Õ¿ì $d¾]q|�ÚÎ&�T, uó�Ö
�|�]Ôá\+ MT ¿±Þø¢�|Õ ç|�jîÖÐ+#û n_ó\+�
�\+ýË @yîT®H� eÖsÁTÎ ed�Tï+<�?
#î³T¼�|Õ qT+&� C²] |�&�q ¿=�Ò]¿±jáT Hû\�
Ô�¿ì �ÐbþsTT+~. <�� ç<�e«yû>·+ @yîT®+<��
#î|�Î>·\+?
¿=�� ¿±sÁ¢ýË sÁ¿£�D ¿=sÁÅ£� >±* d�+#áT\T
y�&�Ô�sÁT. m+<�TÅ£�?

�<�V�²sÁD 3
12000 ¿ì.ç>±. ç<�e«s�¥ (m

1
) >·\ |�¾sÁ+Ð

qTq�� d�eÖ+ÔásÁ Ôá\+�|Õ �+~.  n~ 300 ¿ì.ç>±.
ç<�e«s�¥ (m

2
) >·\ >·T+&�TqT ¿ì�ÜÈ d�eÖ+ÔásÁ

~XøýË v
2 
= 400 MT / �d yû>·+ÔÃ $&�T<�\ #û�dï,

� |�¾sÁ+Ð yû>·+ (v
1
) m+Ôá?

kÍ<ó�q
|�¾sÁ+Ð >=³¼+ýË|�\ �ÔáÎq�yîT®q y�jáTTeÚ\T

n~ó¿£ |Ó&�H��� ¿£\>·Cñd¾ >·T+&�TqT uÉÕ³Å£� Hî&�Ô�sTT.
|��*Ôá+>± |�¾sÁ+Ð yîqT¿£Å£� ¿£<�T\TÔáT+~. �ý²

>·eTq �jáTeÖ\T, È&�ÔáÇ+, ç<�e«s�¥, ¹sFjáT ç<�e«yû>·+, ç<�e«yû>· �Ôá«ÔáÇ+, ç|�#Ã<�q+,
ç|�#Ã<�H� �\+.

yîTT<�{ì >·eTq �jáTeT+ : |��*Ôá �\+ |�� #ûjáTq+ÔáesÁÅ£� �XøÌ\d¾�ÜýË �q� ed�TïeÚ ýñ<�  d�eT#á\q+ýË
eÚq� ed�TïeÚ n<û d¾�ÜýË ¿=qkÍ>·TÔáT+~.

�XøÌ\d¾�ÜýË >±ú, d�eT#á\q+ýË >±ú �q� ed�TïeÚ, Ôáq >·eTq d¾�ÜýË eÖsÁTÎ� e«Ü¹s¿ì+#û d�V�²È
>·TD²�� È&�ÔáÇ+ n+{²s.

È&�ÔáÇ+ jîTT¿£Ø ¿=\ÔáHû ed�TïeÚ jîTT¿£Ø ç<�e«s�¥ n+{²s. ç<�e«s�¥¿ì SI ç|�eÖD+: ¿ìýËç>±+.

Âs+&�e >·eTq �jáTeT+: ed�TïeÚ ç<�e«yû>·+ýË eÖsÁTÎ ¹s³T, <���|Õ |��#û�d |��*Ôá �ý²�¿ì
nqTýËeÖqTbÍÔá+ýË �+³T+~. <�� ~Xø |��*Ôá �\ ~XøýË �+³T+~.

eTqyûT+ HûsÁTÌÅ£�H��+?
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Improve your learning

l Linear momentum of a body is the product of its mass and velocity p = mv.

l One ‘Newton’ is the force which when acting on a body of mass 1 kg, produces an

acceleration of 1 m/s2

1 newton (N) = 1kg x 1 ms-2

l Third Law of Motion: If one object exerts a force on other object, the second object

exerts a force on the first one with equal magnitude but in opposite direction.

I. Reflections on Concepts

1) Explain the reasons for the following. (AS
1
)

a) Why dust comes out of a carpet when it is beaten with a stick?

b) Luggage kept on the roof of a bus is tied with a rope.

c) Why a pace bowler in cricket runs from a long distance before he bowls?

2) Illustrate an example of each of the three laws of motion. (AS
1
)

3) Explain the following: (AS
1
)

a) Static Inertia b) Inertia of motion c) momentum

d) impulse e)impulsive force

II. Application of Concepts

1) Two objects have masses 8 kg and 25 kg. Which one has more inertia? Why? (AS
1
)

2) What is the momentum of a 6.0 kg ball bowling with a velocity of 2.2 m/s?

(Ans: 13.2 kg m/s2) (AS
1
)

3) Two people push a car for 3 s with a combined net force of 200 N. (AS
1
)

(a) Calculate the impulse provided to the car.

(b) If the car has a mass of 1200 kg, what will be its change in velocity?

(Ans: (a) 600 N.s      (b) 0.5 m/s)

4) A man of mass 30 kg uses a rope to climb which bears only 450 N. What is the

maximum acceleration with which he can climb safely? ( Ans: 15 m/s2 )    (AS
7
)

III. Higher Order Thinking questions

1. A vehicle has a mass of 1500 kg. What must be the force between the vehicle and the

road if the vehicle is to be stopped with a negative acceleration of 1.7 ms-2?

       ( Ans:- -2550 N in a direction opposite to that of the motion of the vehicle) (AS
7
)
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nuó�«d�H��� yîTsÁT>·T|�sÁT#áTÅ£�+<�+

ç<�e«s�¥, yû>±\ \u²Æ�� ¹sFjáT ç<�e«yû>·+ n+{²s. p = mv.

1 ¿ìýË ç>±+ ç<�e«s�¥ >·\ ed�TïeÚýË 1MT/�d2 ÔáÇsÁD²�� ¿£\T>·Cñ�d �ý+ 1 qÖ«³H�.
1 qÖ«³H� (N) = 1kg x 1ms–2

eTÖ&�e >·eTq �jáTeT+: ÿ¿£ ed�TïeÚ, yûs=¿£ ed�TïeÚ�|Õ �ý²�� ¿£\>·Cñ�dï, � Âs+&�e ed�TïeÚ Å£L&�
yîTT<�{ì ed�TïeÚ�|Õ n+Ôû |�]eÖD+ýË �ý²�� e«Ü¹s¿£~XøýË ç|�jîÖÐd�Tï+~.

I. uó²eq\�|Õ ç|�Üd�Î+<�q\T:

1. ¿ì+~ y�{ì¿ì ¿±sÁD²\T $e]+#á+&�. (AS
1
)

m. ¿£+�[� ¿£çsÁÔÃ ¿=&�Ôû, <�TeTT� �|Õ¿ì ýñd�Tï+~.

_. �d�Tà �|Õq yûd¾q kÍeÖq¢� Ô�&�TÔÃ ¿£³¼¿£bþÔû |�&�bþÔ�sTT.

d¾. ÿ¿£ �|dt u�\sY �+Ü $d¾¹s eTT+<�T <�ÖsÁ+ qT+º |�]Â>ÔáTïÔáÖ ekÍï&�T. m+<�TÅ£�?
2. qÖ«³H� eTÖ&�T >·eTq �jáTeÖ\qT �<�V�²sÁD\ÔÃ $e]+#á+&�. (AS

1
)

3. ¿ì+~ y��� $e]+#á+&�. (AS
1
)

m. �XøÌ\ È&�ÔáÇ+ _.  >·eTq È&�ÔáÇ+ d¾. ç<�e«yû>·+

&�. ç|�#Ã<�q+ �.  ç|�#Ã<�q�\+

II. uó²eq\ nqTesÁïH�\T

1. 8 ¿ì.ç>±., 25 ¿ì.ç>±. ç<�e«s�Xø�\T >·\ Âs+&�T ed�TïeÚ\ýË @ ed�TïeÚ n~ó¿£ È&ó�ÔáÇ+ ¿£*Ð �+³T+~?
m+<�TÅ£�?(AS

1
)

2. 2.2 MT/�d yû>·+ÔÃ ¿£<�T\TÔáTq� 6.0 ¿ì.ç>±. \ �+Ü jîTT¿£Ø ç<�e«yû>·+ m+Ôá? (13.2 ¿ì.ç>±. MT/�d2)(AS
1
)

3. �<�ÝsÁT e«Å£�ï\T 200 N |��*Ôá �\+ÔÃ ÿ¿£ ¿±sÁT� 3 �d¿£+&�¢ bÍ³T Hî{²¼sÁT.(AS
1
)

m. ¿±sÁT¿ì n+~q ç|�#Ã<�q+ m+Ôá? (600 qÖ«.�d).

_. ¿±sÁT ç<�e«s�¥ 1200 ¿ìýËç>±eTT\T nsTTÔû, <�� yû>·+ýË eÖsÁTÎ m+Ôá? (0.5 MT/�d)
4. 30 ¿ì.ç>±.\ ç<�e«s�¥ >·\ ÿ¿£ e«¿ìï 450 qÖ«³q¢ �ý²�� uó�]+#á>·\ »Ô�&�Tµ d�V�äjáT+ÔÃ ¿=+&�

mÅ£�ØÔáTH��&�T. nÔáqT d�TsÁ¿ì�Ôá+>± m¿£Ø&��¿ì ¿±e*àq >·]w�¼ ÔáÇsÁD+ m+Ôá? (15 MT/�d2) (AS
7
)

III.  �ýË#áH�Ôá�¿£ ç|�Xø�\T

1. #á\q+ýË �q� 1500 ¿ìýËç>±eTT\ ç<�e«s�¥>·\ y�V�²H��� 1.7 MT/�d2 �TTDÔáÇsÁD+ÔÃ �XøÌ\ d¾�Ü¿ì
rd�TÅ£�s�e&��¿ì sÃ&�T¦ eT]jáTT � y�V�²H��¿ì eT<ó�« m+Ôá �\+ ned�sÁ+? (y�V�²q #á\q ~XøÅ£�
e«Ü¹s¿£ ~XøýË `2550 qÖ«³qT¢) (AS

7
)
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2. Two ice skaters initially at rest, push of each other. If one skater whose mass is 60 kg

has a velocity of 2 m/s. What is the velocity of other skater whose mass is 40 kg?

(Ans: 3 m/s in opposite direction) (AS
7
)

3. If a fly collides with the windshield of a fast-moving bus, (AS
2
)

(a) Is the impact force experienced,  same for the fly and the bus? Why?

(b) Is the same acceleration experienced by the fly and the bus? Why?

1. The scientist who said that "an object in motion will remain in same motion as long

as no external force is applied" is [ ]

a) Aristotle b) Galileo c) Newton d) Dalton

2. If the net force acting on an object is zero, then the body is said to be in the state of

[ ]

a) Equilibrium b) Motion c) Inertia of motion d) Uniform motion

3. The inertia of a body depends on [ ]

a) Shape b) Volume c) Mass d) Area

4. Newton used the word ‘mass in motion’ to represent [ ]

a) Linear momentum b) Inertia of motion

c) Velocity d) Inertia at rest

5. The S.I unit of momentum is [ ]

a) m/sec b) Kg-m c) k.g.m/sec d) Kg. m/sec2

Suggested Experiments

1. Conduct an experiment to prove Newton’s first law of motion and write a report.

2. Conduct an experiment to show the action and reaction forces acting on two

different objects.

Suggested Projects

1. Observe some daily life examples for Newton’s first law of motion and explain

the situaions. Write a report on your observations.

2. Write a report on the action and reaction in the systems that you have observed in

your daily life which are the evident of Newton’s third law of motion.

Multiple choice questions

Suggested Experiments

Suggested Projects
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2. �XøÌ\ d¾�ÜýË �q� �<�ÝsÁT �dØ{ì+> ́#û�d e«Å£�ï\T ÿ¿£]H=¿£sÁT ÔÃd�TÅ£�H��sÁT. M]ýË 60 ¿ì.ç>±. ç<�e«s�¥
>·\ e«¿ìï 2 MT/�d. yû>±�� bõ+~Ôû, 40 ¿ì.ç>±. ç<�e«s�¥ >·\ Âs+&�e e«¿ìï bõ+<û yû>·+ m+Ôá?
(3 MT/�d. e«Ü¹s¿£ ~XøýË) (AS

7
)

3. yû>·+>± yîÞø�ïq� �d�Tà n<�Ý�� ÿ¿£ �>· >·T<�TÝÅ£�+fñ, (AS
1
, AS

7
)

m. �d�Tà MT<�, �>· MT<� ÿ¹¿ �\+ ç|�jîÖÐ+#á�&�TÔáT+<�? m+<�TÅ£�?

_. >·T<�TÝÅ£�q� Ôás�ÇÔá �d�Tà, �>· ÿ¹¿ ÔáÇsÁD²�� ¿£*Ð �+{²jáÖ? m+<�TÅ£�?

1. @ u²V�²«�\+ |��#ûjáTq+ÔáesÁÅ£� ¿£<�T\TÔáTq� ed�TïeÚ n<û >·eTq d¾�ÜýË �+³T+<�� yîTT<�³ #î|¾Îq

XægyûÔáï [ ]

a) n]kÍ¼{ìýÙ b) Â>©*jîÖ c) qÖ«³H� d) &�\¼H�

2. ÿ¿£ ed�TïeÚ�|Õ |��#û�d |��*Ôá �\+ XøSq«yîT®Ôû �ed�TïeÚ @ d¾�ÜýË �+~? [  ]

a) d�eTÔ�d¾�ÜýË �+~ b) #á\q d¾�ÜýË �+~
c) >·eTqÈ&�ÔáÇ d¾�ÜýË �+~ d) d�eT#á\q d¾�ÜýË �+~

3. ÿ¿£ ed�TïeÚ ¿£*Ð �+&û È&�ÔáÇ+ <û��|Õ �<ó�sÁ|�&� �+³T+~. [  ]

a) �¿±sÁ+ b) |��Tq|�]eÖD+ c) ç<�e«s�¥ d) yîÕXæ\«+

4. qÖ«³H� »»#á\q+ýË ed�TïeÚ ç<�e«s�¥µµ >± #î|¾Îq s�¥ [  ]

a) ¹sFjáT ç<�e«yû>·+ b)  >·eTq È&�ÔáÇ+
c) yû>·+ d)  �XøÌ\ È&�ÔáÇ+

5. ç<�e«yû>·+ jîTT¿£Ø SI  ç|�eÖD²\T [ ]

a) MT³sY/�d¿£qT b) ¿ìýËç>±+`MT³sÁT
c) ¿ìýËç>±+`MT³sY/�d¿£qT d)  ¿ìýËç>±+`MT³sY/�d¿£H�2.

ç|�jîÖ>±\T
1. qÖ«³H� yîTT<�{ì >·eTq �jáTeÖ�� �sÁÖ|¾+#û+<�TÅ£� �XøÌ\ È&�ÔáÇ+ MT<� ÿ¿£ ç|�jîÖ>±�� #ûd¾ �yû~¿£

s�jáT+&�.

2. Âs+&�T $_óq� ed�TïeÚ\ MT<� |��#û�d ç|�Ü#ásÁ« �ý²\qT #áÖ�| ç|�jîÖ>±�� #ûd¾ �yû~¿£ s�jáT+&�.

çbÍCÉÅ£�¼\T
1. MT <îÕq+~q J$Ôá+ýË MTsÁT qÖ«³H� yîTT<�{ì >·eTq �jáTeÖ�� >·eT�+ºq � d�+<�s�ÒÛ\qT $e]d�Öï

�yû~¿£qT s�jáT+&�.

2. qÖ«³H� eTÖ&�e >·eTq �jáTeT+ �<ó�sÁ+>± |��#û�d ¿=�� e«ed��\qT >·T]ï+º y�{ìýË #ásÁ«, ç|�Ü#ásÁ«\qT
$e]d�Öï �yû~¿£qT sÁÖbõ+~+#á+&�.

�V�QÞèÕºÌÛ¿£  ç|�Xø�\T
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We have learnt about the reflection of

light on plane surfaces in class 7 and 8.

Beauty of the nature is made apparent with

light. Light exhibits many interesting

phenomena.

Let us try to explore a few of them.

You might have observed that a coin kept

at the bottom of a vessel filled with water

appears to be raised. Similarly, a lemon

kept in a glass of water appears to be bigger

than its size. When a thick glass slab is

placed over some printed letters, the letters

appear raised when viewed through the glass

slab.

· What could be the reasons for the above

observations?

Activity 1

Take some water in a glass tumbler.

Keep a pencil in it. Look at the pencil from

one side of the glass and also from the top

of the glass.

· How does it look?

· Do you find any difference between the

two views?

Activity 2

Go to a long wall (of length about 30

feet) facing the Sun. Go to one end of a

wall and ask your friend to bring a bright

metal object near the other end of the wall.

When the object is a few inches from the

wall it appears distorted and you will see a

reflected image in the wall as though the

wall were a mirror.

· Why is there an image of the object on

the wall?

To answer the above questions and to

give reasons for the situations mentioned

we need to understand the phenomenon of

refraction of light.

4.1 Refraction

Activity 3

Take a shallow vessel with opaque walls

such as a mug. (A tin or a pan is suitable).

Place a coin at the bottom of the vessel.

Chapter

4
Refraction of Light at

Plane Surfaces

S
C
E
R
T, T

E
LA

N
G
A
N
A



d�eTÔá\ �|�]Ôáý²\ e<�Ý ¿±+Ü eç¿¡uó�eq+ 94$<�«sÁT�\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

7, 8 ÔásÁ>·ÔáT\ýË d�eTÔáý²\�|Õq ¿±+Ü
|�s�esÁïq+ >·T]+º eTq+ HûsÁTÌÅ£�H��+. ¿±+Ü
e\¢Hû ç|�¿£�Ü¿ì n+<�+ #ûÅ£LsÁTÔáT+~. $$<ó�
d�+<�s�Ò Û\ýË ¿±+Ü ç|�e]ï+#û rsÁT m+ÔÃ
�d�¿ìï¿£sÁ+>± �+³T+~.

y�{ìýË ¿=��+{ì� |�]o*<�Ý+!

ÿ¿£ bÍçÔáýË� ú{ìýË |�&�yûd¾q H�DÉ+ � bÍçÔá
n&�T>·T uó²>·+ qT+&� �|Õ¿ì ¿=+Ôá mÔáTïýË ¿£q�&�³+
MTsÁT >·T]ï+º �+{²sÁT ¿£<�! n<û$<ó�+>± ÿ¿£ >±E
>±¢d�TýË� ú{ìýË �+ºq �eT�¿±jáT |�]eÖD+
�|]Ðq³T¢  ¿£q�&�TÔáT+~. ¿±ÐÔá+�|Õ s�d¾q
n¿£�s�\�|Õ ÿ¿£ eT+<�bÍ{ì >±E|�\¿£qT+º #áÖ�dï
� n¿£�s�\T ¿±ÐÔá+�|Õ qT+&� ¿=+Ôá mÔáTïýË
¿£q�&�Ô�sTT.

· � $<ó�yîT®q eÖsÁTÎ\Å£� ¿±sÁDyûTyîT® �+³T+~?

¿£�Ôá«+  1

ÿ¿£ >±E >±¢d�TýË ¿=+Ôá ú{ì� rd�T¿Ã+&�.
n+<�TýË ÿ¿£ �|�àýÙ �+#á+&�. >±¢d�T �|Õuó²>·+
qT+&�, ç|�¿£Øuó²>·+ qT+&� �|�àýÙqT |�]o*+#á+&�.

· �|�àýÙ mý² ¿£�|¾d�Tï+~?

>±¢d�T �|ÕqT+&�, |�¿£ØqT+&� |�]o*+ºq|�Ú&�T
@+ Ôû&�qT >·eT�+#�sÁT?

¿£�Ôá«+  2

d�ÖsÁT«� m+&�|�&�TÔáTq� ÿ¿£ bõ&�yîÕq >Ã&�
(<�<�|�Ú 30 n&�T>·T\ bõ&�eÚ >·\ >Ã&�) e<�ÝÅ£�
MTsÁT, MT �d�V¾²ÔáT&�T yîÞøß+&�. >Ã&� ÿ¿£ ºesÁ e<�Ý
MTsÁT �ý¤Ì�, Âs+&�e ºesÁ e<�Ý ç|�¿±Xøe+ÔáyîT®q
ÿ¿£ ýËV�²|�Ú ed�TïeÚqT #ûÜýË |�³T¼¿=� MT
�d�V¾²ÔáTDì � �\�&�eT� #î|�Î+&�. >Ã&�Å£� ¿=~Ý
n+>·TÞ²\ <�ÖsÁ+ýË � ýËV�²|�Ú ed�TïeÚ �q�|�ð&�T,
>Ã&� n<�Ý+ eýÉ ç|�e]ïd�Tq�³T¢>± <���|Õ ýËV�²|�Ú
ed�TïeÚ jîTT¿£Ø ç|�Ü_+�+ ¿£q�&�TÔáT+~.

· >Ã&��|Õ ed�TïeÚ jîTT¿£Ø ç|�Ü_+�+ m+<�TÅ£�
@sÁÎ&�+~?

�|Õ ç|�Xø�\Å£� d�eÖ<ó�H�*eÇ&��¿ì, y�{ì¿ì >·\
¿±sÁD²\qT $e]+#á&��¿ì ¿±+Ü eç¿¡uó�eq+
(Refraction of light) >·T]+º eTq+ ne>±V�²q
#ûd�T¿Ãy�*.

4.1 eç¿¡uó�eq+
¿£�Ôá«+  3

nbÍsÁ<�sÁô¿£ |�<�sÁ�+ÔÃ ÔájáÖsÁT #ûjáT�&�q,
ÔáÅ£�Øe ýËÔáT ¿£*Ðq bÍçÔáqT (shallow vessel)

rd�T¿Ã+&�. bÍçÔá n&�T>·Tq ÿ¿£ H�Dñ�� �+#á+&�.

n<ó�«jáT+

4
d�eTÔá\ �|�]Ôáý²\ e<�Ý

¿±+Ü eç¿¡uó�eq+
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Move away from the vessel until you

cannot see the coin.

See fig.- 1(b).

Stand there. Ask your friend to fill the

vessel with water. When the vessel is filled

with water the coin comes back into view.

See fig.- 1(c).

· Why are you able to see the coin when

the vessel is filled with water?

You know that the ray of light

originating from the coin, doesn’t reach

your eye when the vessel is empty (see

fig.-1b). Hence you couldn’t see the coin.

But the coin becomes visible to you after

the vessel is filled with water.

· How is it possible?

· Do you think that the ray reaches

your eye when the vessel is filled with

water?

If yes, draw a ray diagram from the coin

to the eye. Keep in mind that the light ray

travelling in a medium takes a straight line

path.

· What happens to the light ray at the

interface between water and air?

· What could be the reason for this

bending of the light ray in the second

instance?

The above questions can be answered

by Fermat’s principle, the principle  states

that the light ray always travels between two

points in a path which needs the shortest

possible time to cover. Let us apply this

principle to our activity.

By observing the path of the ray, it is

clear that the light ray changes its direction

at the interface separating the two media

i.e, water and air. This path is chosen by the

light ray so as to minimize time of travel

between coin and eye. This is possible only

if the speed of the light changes at interface

of two media. Thus we can conclude that

the speed of the light changes when light

propagates from one medium to another

medium.

fig-1(a)

Eye Light ray

Opaque

walls

Coin

Coin

Opaque

walls

fig-1(b)

Coin

Light ray

Opaque

walls

Water

Eye

fig-1(c)

Light ray

Eye
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� H�DÉ+ MTÅ£� ¿£q�&�Å£�+&� bþjûTesÁÅ£� bÍçÔá
qT+&� yîqT¿£Å£� ÈsÁ>·+&�.

|�³+`1 (_)� #áÖ&�+&�.

MTsÁT n¿£Ø&û �\TÌ� � bÍçÔáqT ú{ìÔÃ
�+|�eT� MT �d�V¾²ÔáTs�*¿ì #î|�Î+&�. � bÍçÔáqT
ú{ìÔÃ �+|�>±Hû Ü]Ð � H�DÉ+ MTÅ£� ¿£�|¾d�Tï+~.
|�³+`1 (d¾)� #áÖ&�+&�.
·   bÍçÔáqT ú{ìÔÃ �+|¾Ôû H�DÉ+ MTÅ£� m+<�TÅ£�

¿£q�&�+~?
|�³+`1 (_)ýË #áÖ|¾q³T¢ bÍçÔá U²°>±

�q�|�ð&�T H�DÉ+ qT+&� e#ûÌ ¿±+Ü ¿ìsÁD+ MT
¿£+{ì� #ûsÁýñ<�T. n+<�T¹¿ H�DÉ+ MTÅ£� ¿£�|¾+#áýñ<�T.
bÍçÔáqT ú{ìÔÃ �+|¾q ÔásÁy�Ôá MTÅ£� H�DÉ+
¿£�|¾+º+~.
· �~ mý² kÍ<ó�«eTsTT+~?
· bÍçÔáýË úsÁT bþd¾q|�ð&�T H�DÉ+ qT+&� e#ûÌ

¿±+Ü ¿ìsÁD+ MT ¿£+{ì� #ûsÁTÔáT+<�� MTsÁT
uó²$d�TïH��s�?

n~ �ÈeT� uó²$�dï, ¿±+Ü �TTEeÖsÁZ+ýË
(d�sÁÞø¹sU² eÖsÁZ+ýË) ç|�jáÖDìd�Tï+<�Hû n+Xø+
�<ó�sÁ+>± H�DÉ+ qT+&� MT ¿£+{ì¿ì #û¹s ¿±+Ü�
¿ìsÁD ºçÔá+ (ray diagram) <�Çs� #áÖ|�+&�.
· ú{ì�, >±*� yûsÁT#û�d Ôá\+ e<�Ý ¿±+Ü ¿ìsÁD+

@eTsTT«+~?
· �$<ó�+>± ¿±+Ü ¿ìsÁD+ e+Ðbþe&��¿ì

¿±sÁD+ @yîT®   �+³T+~?
�|�s��{Ù d�ÖçÔ��� �<ó�sÁ+>± #ûd�T¿=� �|Õ

ç|�Xø�\Å£� d�eÖ<ó�H�*eÇe#áTÌ. @yû� Âs+&�T
_+<�TeÚ\ eT<ó�« ¿±+Ü ç|�jáÖDì+#û³|�ð&�T nÜ
ÔáÅ£�Øe d�eTjáT+ |�fñ¼ eÖsÁZ+ýËHû ç|�jáÖDìd�Tï+<��
»�|�s��{Ù d�ÖçÔá+µ Ôî\T|�ÚÔáT+~.  � d�ÖçÔ��� eTq
¿£�Ô�«�¿ì nqÇsTT<�Ý+!

�|Õ ¿£�Ôá«+ýË ¿±+Ü ¿ìsÁD²�� |�]o*�dï úsÁT,
>±* nHû jáÖq¿±\qT yûsÁT#û�d Ôá\+ (interface)

e<�Ý ¿±+Ü ¿ìsÁD+ Ôáq ~XøqT eÖsÁTÌÅ£�+³T+<��
d�Îw�¼eTeÚÔáT+~. H�DÉ+ qT+&� ¿£+{ì� #ûsÁ&��¿ì
nÜ ÔáÅ£�Øe ¿±\+ |�fñ¼+<�TÅ£�>±qT ¿±+Ü ¿ìsÁD+
� eÖs�Z�� mqT�Å£�+~. jáÖq¿±\qT yûsÁT#û�d
Ôá\+ e<�Ý ¿±+Ü yû>·+ýË eÖsÁTÎeºÌq|�ð&û �~
kÍ<ó�«eTeÚÔáT+~. eTsÃ$<ó�+>± #îbÍÎ\+fñ $$<ó�
jáÖq¿±\ýË ¿±+Ü yû>·+ yû¹sÇsÁT>±  �+³T+~.
B�� �{ì¼ ÿ¿£ jáÖq¿£+ qT+&� eTs=¿£ jáÖq¿£+ýË¿ì
ç|�jáÖDì+#û³|�ð&�T ¿±+Ü yû>·+ eÖsÁTÔáT+<��
#î|�Îe#áTÌ.

|�³+-1(m)

¿£qT�
¿±+Ü ¿ìsÁD+

nb
Ís

Á<�s
Áô¿

£ Ô
áý²

\T

H�DÉ+

¿±+Ü ¿ìsÁD+

¿£qT�

nb
Ís

Á<�s
Áô¿

£ Ô
áý²

\T

H�DÉ+

|�³+-1(_)

úsÁT

|�³+-1(d¾)

¿±+Ü ¿ìsÁD+
¿£qT�

nb
Ís

Á<�s
Áô¿

£ Ô
áý²

\T

H�DÉ+
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“The process of changing speed at an

interface when light travels from one

medium to another resulting in a change in

direction is called refraction of light. The

process of refraction involves bending of

light ray except when it is incident

normally”.

Consider that light travels from

medium 1with speed v
1
 to medium 2 with

speed v
2
 as shown in figures-2(a) and 2(b).

· What difference do you notice in fig

2(a) and Fig 2(b) with the respect to

refracted rays?

· Is there any relation between behaviour

of refracted rays and speeds of the

light?

Experiments have showed that change

in the direction of light is due to change in

the speed of the light in the medium.

If v
2 
is less than v

1
 then medium 2 is said

to be denser with respect to medium 1.

If v
2  
is greater than v

1 
then medium 2 is

said to be rarer with respect to medium 1.

If light ray enters from rarer medium

to denser medium then refracted ray moves

towards the normal drawn at the interface

of separation of two media. When it travels

from denser medium to rarer medium it

bends away from normal. We have seen that

the ray of light deviates from its path at the

interface. Draw a normal at the point of

incidence as shown in fig.- (3).

Let ‘i’ be the angle made by incident

ray with normal and ‘r’ be the angle made

by refracted ray with the normal. These

angles are called angle of incidence and

angle of refraction respectively.

To explain the process of refraction we

need to know about a constant called

refractive index which is the property of a

transparent medium.  Let us learn about it.

V
1

V
2

N

N

Denser

Rarer

fig-2(b)

fig-2(a)

V
1

V
2

N

NN-normal

Rarer

Denser

Interface

N

i

r

N

Nfig-3
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ÿ¿£ jáÖq¿£+ qT+&� eTs=¿£ jáÖq¿£+ýË¿ì
ç|�jáÖDì+#û³|�ð&�T ¿±+Üyû>·+ eÖsÁ&�+ e\¢,
¿±+Ü ~Xø eÖ¹s <��ÐÇw�jáÖ�� ¿±+Ü eç¿¡uó�eq+
n+{²+. ÿ¿£ Ôáý²�¿ì \+�+>± |�ÔáqyîT®q|�ð&�T
Ôá|�Î, $TÐ*q @ d�+<�sÁÒÛ+ýËHîÕH� ¿±+Ü eç¿¡uó�eq+
#î+~q|�ð&�T ¿±+Ü¿ìsÁD+ e+Ðç|�jáÖDì+#á&�+
>·eT�+#áe#áTÌ.

2 (m), 2 (_) |�{²\ýË #áÖ|¾q³T¢ ¿±+Ü (v
1

yû>·+ÔÃ) ÿ¿£ jáÖq¿£+ qT+&�  Âs+&Ã jáÖq¿£+ýË¿ì
(v

2
 yû>·+ÔÃ) ç|�jáÖDìd�Tï+~ nqTÅ£�+<�+.

· |�³+`2 (m), (_) |�{²\ýË� eç¿¡uó �eq
¿ìsÁD²\ýË MTsÁT @+ Ôû&� >·eT�+#�sÁT?

· eç¿¡uó�eq ¿ìsÁD²\ ç|�esÁïqÅ£�, ¿±+Ü yû>±\Å£�
@<îÕH� d�+�+<ó�+ �+<�?

jáÖq¿£+ýË ¿±+Ü yû>·+ eÖsÁ&�+ e\¢Hû ¿±+Ü
~XøeÖsÁ&�+ ÈsÁT>·TÔáT+<��  $$<ó� ç|�jîÖ>±\T
Ôî\T|�ÚÔáTH��sTT.

v
1
 ¿£H�� v

2
 ÔáÅ£�ØyîÕÔû ÿ¿£{Ë jáÖq¿£+¿£H��

Âs+&Ã jáÖq¿£+ kÍ+ç<�ÔásÁ jáÖq¿£+ (denser

medium) n+{²+.
v

1
 ¿£H�� v

2
 mÅ£�ØyîÕÔû ÿ¿£{Ë jáÖq¿£+¿£H��

Âs+&Ã jáÖq¿£+ $sÁÞø jáÖq¿£+ (rarer medium)

n+{²+.
¿±+Ü ¿ìsÁD+ $sÁÞø jáÖq¿£+ qT+&� kÍ+ç<�ÔásÁ

jáÖq¿£+ýË¿ì ç|�yû¥�dï Âs+&�T jáÖq¿±\qT yûsÁT
#û�d Ôá\+ e<�Ý ̂ d¾q \+�+yîÕ|�Ú>± eç¿¡uó�eq ¿ìsÁD+
ÈsÁT>·TÔáT+~. ¿±+Ü ¿ìsÁD+ kÍ+ç<�ÔásÁ jáÖq¿£+
qT+&� $sÁÞø jáÖq¿£+ýË¿ì ç|�jáÖDìd�Tïq�|�ð&�T
eç¿¡uó�eq ¿ìsÁD+ \+u²�¿ì <�ÖsÁ+>± ÈsÁT>·TÔáT+~.
Âs+&�T jáÖq¿±\qT yû¹s #û�d Ôá\+ e<�Ý ¿±+Ü
¿ìsÁD+ Ôáq |�<�̧�� eÖsÁTÌÅ£�+³T+<�� eTq+
�~esÁ¹¿ Ôî\Td�TÅ£�H��+. |�³+`3ýË #áÖ|¾q³T¢
|�Ôáq_+<�TeÚ e<�Ý  ÿ¿£ \+u²�� ^jáT+&�.

\+u²�¿ì`|�Ôáq¿ìsÁD²�¿ì eT<ó�« ¿ÃD+(i)�
|�Ôáq¿ÃD+ n�, \+u²�¿ì̀ eç¿¡uó�eq ¿ìsÁD²�¿ì
eT<ó�« ¿ÃD+(r) qT eç¿¡uó�eq ¿ÃD+ n� n+{²+.

eç¿¡uó�eq+ È]¹> $<ó�H��� $e]+#á&��¿ì
eç¿¡uó�eq >·TD¿£+ (refractive index) nHû d¾�s�+¿£+
> · T]+º Ô î\Td � T¿Ãy�*. �~ bÍs Á< �s Á ô¿ £
jáÖq¿±�Å£�+&û <ó�sÁ�+.

V
1

V
2

N

NN-\+�+

$sÁÞøjáÖq¿£+

kÍ+ç<�ÔásÁ
jáÖq¿£+

jáÖq¿±\qT yûsÁT
#û�d Ôá\+

N

|�³+-2(m)

V
1

V
2

N

N

kÍ+ç<�ÔásÁ
jáÖq¿£+

$sÁÞøjáÖq¿£+

|�³+-2(_)

i

r

N

N|�³+-3
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The extent of the change in direction

that takes place when a light ray

propagates through one medium to

another medium is expressed in terms of

refractive index.

4.2 Refractive index

Light travels in vacuum with a speed

nearly equal to   3x108 m/s (denoted by

letter ‘c’). The speed of  light is smaller

than ‘c’ in other transparent media.

Let ‘v’ be the speed of light in a certain

medium. Then the ratio of speed of light in

vacuum to the speed of light in that medium

is defined as refractive index ‘n’. It is called

absolute refractive index.

Absolute refractive index (n)

speed of light in vacuum
 = 

speed of light in medium

n = 
c

v
...............(1)

It is a dimensionless quantity

because it is a ratio of the same physical

quantities. Refractive index gives us an

idea of how fast or how slow light travels

in a medium. The speed of light in a

medium is low when refractive index of

the medium is high and vice versa. The

refractive index ‘n’ means that the speed

of light in that medium is nth part of speed

of light in vacuum.

For example the refractive index of

glass is 
3

2
.Then the speed of light in glass

is 

8
83 10

2 10
3

2

c mv
sn

´
= = = ´

.

Note :  From table-1, you know that

an optically denser medium may not

possess greater mass density. For

example, kerosene with high refractive

index is optically denser than water

although its mass density is less than

water.

· Why do different material media

possess different values of refractive

Indices?

Table:1 Refractive indices of some material media.

Material medium Refractive index Material medium Refractive index

Air 1.0003 Canada balsam 1.53

Ice 1.31 Rock salt 1.54

Water 1.33 Carbon Diasulphide 1.63

Kerosene 1.44 Dense flint glass 1.65

Fused quartz 1.46 Ruby 1.71

Turpentine oil 1.47 Sapphire 1.77

Crown glass 1.52 Diamond 2.42

Benzene 1.50S
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|�<�sÁ� jáÖq¿£+ eç¿¡uó�eq >·TD¿£+ |�<�sÁ� jáÖq¿£+ eç¿¡uó�eq >·TD¿£+

jáÖq¿£ |�sÁeT
eç¿¡uó�eq>·TD¿£+ (n) R

>±* 1.0003 Â¿q&� u²\à+ 1.53
eT+#áT 1.31 s�Ü �|�ð (rock salt) 1.54
úsÁT 1.33 ¿±sÁÒH� &îÕ d�ýÉÕÎÛ&� 1.63
¿ìsÃd¾H� 1.44 kÍ+ç<�ÔásÁ |�¾¢+{Ù >±E 1.65
|��P«CÙ&� ¿±ÇsY¼

¨
1.46 Â¿+|�Ú (ruby) 1.71

³sÁÎ+fÉ®H� �sTTýÙ 1.47  d��|�ÕsY (supphire) 1.77
ç¿�H� >±E 1.52 eçÈ+ 2.42
uÉ+JH� 1.50

¿±+Ü ÿ¿ £ j áÖq¿ £+ qT+& � eTs=¿ £
jáÖq¿£+ýË¿ì ç|�jáÖDì+#û³|�ð&�T <�� ~XøýË
eÖsÁTÎ @ yûTsÁÅ£� ÈsÁT>·TÔáT+~ nHû~ eç¿¡uó�eq
>·TD¿£+ sÁÖ|�+ýË Ôî*jáT|�sÁTkÍï+.

4.2 eç¿¡uó�eq >·TD¿£+
X øSq«+ýË ¿±+Ü nÔ á «+Ô á y û> ·+ÔÃ

ç|�jáÖDìd�Tï+<�� eTqÅ£� Ôî\Td�T. XøSq«+ýË ¿±+Ü
<�<�|�Ú>± 3I108 MT/�d. yû>·+ÔÃ ç|�jáÖDìd�Tï+~.
B�� c ÔÃ d�ÖºkÍï+. eT¹s �ÔásÁ bÍsÁ<�sÁô¿£
jáÖq¿£+ýËHîÕH� ¿±+Ü yû>·+ »cµ ¿£H�� ÔáÅ£�Øe>±
�+³T+~.

@<û� jáÖq¿£+ýË ¿±+Ü yû>·+ v nqTÅ£�+fñ,
XøSq«+ýË ¿±+Ü yû>±�¿ì, � jáÖq¿£+ýË ¿±+Ü
yû>±�¿ì >·\ �w�ÎÜï� � jáÖq¿£+ jîTT¿£Ø eç¿¡uó�eq
>·TD¿£+ n >± �sÁÇºkÍï+. B�Hû |�sÁeT eç¿¡uó�eq
>·TD¿£+ (absolute refractive index) n+{²+.

 n R 
c

v
..................... (1)

�~ ÿ¹¿$<ó�yîT®q Âs+&�T s�Xø�\ �w�ÎÜï. ¿£qT¿£
B�¿ì ç|�eÖD²\T �+&�eÚ. ÿ¿£ jáÖq¿£+ýË ¿±+Ü
m+Ô á y û> ·+>± ý ñ<� m+Ô á H îeT �~>±
ç|�jáÖDìd�Tï+<�Hû~ � jáÖq¿£ eç¿¡uó�eq >·TD¿£+
Ôî*jáTCñd�Tï+~. jáÖq¿£+ jîTT¿£Ø eç¿¡uó�eq >·TD¿£+
mÅ£�Øe>± �+fñ � jáÖq¿£+ýË ¿±+Ü yû>·+ ÔáÅ£�Øe>±
�+³T+~. jáÖq¿£ eç¿¡uó�eq >·TD¿£+ ÔáÅ£�Øe>±
�+fñ � jáÖq¿£+ýË ¿±+Ü yû>·+ mÅ£�Øe. eç¿¡uó�eq
>·TD¿£+ n n+fñ � jáÖq¿£+ýË ¿±+Üyû>·+,
XøSq«+ýË ¿±+Ü yû>·+ c ýË n e e+ÔáT n� nsÁ�+.

�<�V �²s ÁDÅ £� >±E jî TT¿ £Ø eç¿ ¡u ó �eq

>·TD¿£+ 3

2
. n+fñ >±EýË ¿±+Üyû>·+

neÚÔáT+~.
XøSq«+ýË ¿±+Ü yû>·+
jáÖq¿£+ýË ¿±+Ü yû>·+

>·eT�¿£: |�{ì¼¿£̀ 1��{ì¼, n~ó¿£ <��¿ùkÍ+ç<�Ôá
(optical density) ¿£*Ðq jáÖq¿£+ ç<�e«s�¥|�sÁ+>±
n~ó¿£ kÍ+ç<�Ôá ¿£*Ð �+&�qed�sÁ+ ýñ<��
Ôî\Td�Tï+~. �<�V�²sÁDÅ£� ú{ìÔÃ bþ*Ìq|�ð&�T
¿ìsÃd¾H� eç¿¡uó�eq >·TD¿£+ mÅ£�Øe. nq>± ú{ìÔÃ

|�{ì¼¿£̀ 1: $$<ó� |�<�sÁ�jáÖq¿±\ eç¿¡uó�eq >·TD¿±\T

bþ*Ìq|�ð&�T ¿ìsÃd�H� <��¿ùkÍ+ç<�Ôá mÅ£�Øe. ¿±ú
ç<�e«s�¥|�sÁ+>± ¿ìsÃd¾H� kÍ+ç<�Ôá ú{ì kÍ+ç<�Ôá
¿£H�� ÔáÅ£�Øe.

· $$<ó� |�<�sÁ� jáÖq¿±\ eç¿¡uó�eq >·TD¿±\T
yû¹sÇsÁT>± m+<�TÅ£�+{²sTT?

8
83 10

2 10
3

2

c
v

n

´
= = = ´ MT/�d
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· On what factors does the refractive

index of a medium depend?

Refractive index depends on the

following factors.

(1) Nature of material (2) Wavelength

of light used. (You will learn about this in

your higher classes).

4.2.1 Relative refractive index

The refractive index of a medium with

respect to another medium is defined as

the ratio of speed of light in the first

medium to the speed of light in the

second medium. Let v
1
 and v

2 
be the

speeds of light in the first and second

media respectively.  Then,

Refractive index of second medium

with respect to  first medium is given by

n
21

 = 
speed of light in medium - 1

speed of light in medium - 2

n
21

 = 
1

2

v

v

Dividing both numerator and

denominator by c we get

   = 
1 21 2

1 22 1

v nv v 1 1

c c n nv n
= = =

a  n
21

 = 
2

1

n

n
....................(2)

This is called relative refractive Index.

We define relative Refractive index as

follow

Relative refractive index, n
21

 =

2

1

Refractive index of second medium (n )

Refractive index of first medium (n )

Aim: Obtaining a relation between

angle of incidence and angle of

refraction.

Materials required: A plank, white

chart, protractor, scale, small black painted

plank, a semi circular glass disc of thickness

nearly  2cm, pencil and laser light.

Procedure :

Take a wooden plank which is covered

with white chart. Draw two perpendicular

lines, passing through the middle of the

paper as shown in the fig.- 4(a). Let the

point of intersection be O. Mark one line

as NN which is normal to the another line

marked as  MM. Here MM represents the

line drawn along the interface of two media

and NN represents the normal drawn to this

line at ‘O’.

Take a protractor and place it along

NN in such way that  its centre coincides

with O as shown in fig.- 4(a). Then mark

the angles from 00 to 900 on both sides of

the line NN as shown in fig.- 4(a).

fig-4(a)

Lab Activity
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kÍ�|¿£� eç¿¡uó�eq >·TD¿£+ (n
21

) R

· ÿ¿£ jáÖq¿£+ jîTT¿£Ø eç¿¡uó�eq >·TD¿£+ @
n+Xæ\�|Õ �<ó�sÁ|�&�TÔáT+~?
eç¿¡uó�eq >·TD¿£+ ¿ì+~ n+Xæ\�|Õ �<ó�sÁ|�&�

�+³T+~.
(1) |�<�sÁ� d�Çuó²e+ (2) �|�jîÖÐ+ºq ¿±+Ü

ÔásÁ+>·<î ÕsÁ é«+ (B� >·T]+º �|Õ ÔásÁ>·ÔáT\ýË
#á<�TeÚÅ£�+{²sÁT.)

4.2.1 kÍ�|¿£� eç¿¡uó�eq >·TD¿£+ (Relative

refractive index)

ÿ¿£ jáÖq¿£+|�sÁ+>± eTs=¿£ jáÖq¿£+ jîTT¿£Ø
eç¿¡uó�eq>·TD¿±�� yîTT<�{ì jáÖq¿£+ýË ¿±+Üyû>·+,
Âs+&Ã jáÖq¿£+ýË ¿±+Üyû>±\ �w�ÎÜï>± #î�TÔ�+.
ÿ¿£{Ë jáÖq¿£+ýË ¿±+Ü yû>·+ v

1
, Âs+&Ã

jáÖq¿£+ýË ¿±+Ü yû>·+ v
2
 nqTÅ£�+fñ,

ÿ¿£{Ë jáÖq¿£+|�sÁ+>± Âs+&Ã jáÖq¿£+ jîTT¿£Ø
eç¿¡uó�eq >·TD¿±�� ¿ì+~$<ó�+>± d�Öº+#áe#áTÌ.

ÿ¿£{Ë jáÖq¿£+ýË ¿±+Ü yû>·+
Âs+&Ã jáÖq¿£+ýË ¿±+Ü yû>·+

n
21

= 
1

2

v

v

\eV�äs�\qT ¿±+Ü yû>·+ 'c'ÔÃ uó²Ð+#á>±,

1 21 2

1 22 1

v nv v 1 1

c c n nv n
= = =

 n
21

= 
2

1

n

n
................... (2)

B�Hû kÍ�|¿£� eç¿¡uó�eq >·TD¿£+ ýñ<� Ô�sÁÔáeT«
eç¿¡uó�eq >·TD¿£+ n+{²+.

kÍ�|¿£� eç¿¡uó�eq >·TD¿±�� ¿ì+~$<ó�+>±
�sÁÇºkÍï+.

�<ûÝXø«+: |�Ôáq¿ÃD²�¿ì, eç¿¡uó�eq¿ÃD²�¿ì
eT<ó�« d�+�+<ó��� >·T]ï+#á&�+.

¿±e\d¾q ed�TïeÚ\T: ¿±sÁT¦uËsÁT¦ wÓ{Ù, Ôî\¢
ç&�sTT+>́ wÓ{Ù, ¿ÃDeÖ��, �dØ\T, q\T|�ÚsÁ+>·T yûd¾q
ºq� ¿±sÁT¦uËsÁT¦ eTT¿£Ø,  2 �d+.MT. eT+<�+>·\
nsÁÆe�Ô�ï¿±sÁ|�Ú >±E|�\¿£, �|�àýÙ eT]jáTT ýñÈsY
ýÉÕ{Ù.

�sÁÇV�²D |�<�ÆÜ: ¿±sÁT¦uËsÁT¦ wÓ{Ù�|Õ Ôî\¢ç&�sTT+>́
wÓ{ÙqT n+{ì+#á+&�. |�³+ 4( m)ýË #áÖ|¾q $<ó�+>±
ç&�sTT+> ́wÓ{Ù eT<ó�«ýË Âs+&�T \+�¹sK\T ̂ jáT+&�.
y�{ì K+&�q _+<�TeÚqT O  >± >·T]ï+#á+&�. �
\+�¹sK\Å£� MM, NN n� �|sÁT¢ �|³¼+&�. M{ìýË
MM nHû~ Âs+&�T jáÖq¿±\qT yûsÁT#û�d Ôáý²��
d�Öºd�Tï+~. NN nHû~ MM ¹sKÅ£� O _+<�TeÚ
e<�Ý ^d¾q \+u²�� d�Öºd�Tï+~.

NN  ¹sK yî+�&� ÿ¿£ ¿ÃDeÖ�qT+#á+&�.
¿ÃDeÖ� ¹¿+ç<�+, _+<�TeÚ O ÔÃ @¿¡uó�$+#û³³T¢
#ûjáT+&�. |�³+`4 (m)ýË #áÖ|¾q$<ó�+>± NN

jîTT¿£Ø Âs+&�T ºesÁ\ qT+&� 0 ` 900 ¿ÃD²\qT
>·T]ï+#á+&�. �<û$<ó�+>± NN jîTT¿£Ø Âs+&ÃyîÕ|�Ú
Å£L&� ¿ÃD²\qT >·T]ï+#á+&�. |�³+`4 (m)ýË

Âs+&Ã jáÖq¿£+ jîTT¿£Ø eç¿¡uó�eq >·TD¿£+ (n
2
)

ÿ¿£{Ë jáÖq¿£+ jîTT¿£Ø eç¿¡uó�eq >·TD¿£+ (n
1
)

|�³+-4(m)

ç|�jîÖ>·Xæ\ ¿£�Ôá«+ ` 1

n
21
 R
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Repeat the same on the other side of

the line NN. The angles should be indicated

on the curved line.

Now place a semi-circular glass disc

so that its diameter coincides with the

interface line (MM) and its center

coincides with the point O. Point a laser

light along NN in such a way that the light

propagates from air to glass through the

interface at point O and observe the path

of laser light coming from other side of

disc as shown in fig.- 4 (b). (If you cannot

observe the path of laser light put a black-

coloured plank against the curved line and

observe the light point and imagine the light

path).

· Is there any deviation?

Send Laser light along a line which

makes150 (angle of incidence) with NN and

see that it passes through point O. Measure

its corresponding angle of refraction, by

observing laser light coming from the other

side (Circular side) of the glass slab. Note

these values in table-2. Do the same for the

angles of incidence such as 200,300,400,500

and 600 and note the corresponding angles

of refraction.

fig-4(b)

Find sin i, sin r for every ‘i’ and ‘r’ and

evaluate sin i/ sin r for every incident angle

‘i’.

Note :  Take the help of your teacher

to find the values of sin i and  sin r for each

case.

Finally, we will get the ratio 
sin

sin

i

r
 as a

constant.

· Is this ratio equal to refractive index

of glass? Why?

This ratio gives the value of refractive

index of glass. In the above experiment you

might have noticed that ‘r’ is less than ‘i’ in

all cases and the refracted ray bends

towards normal in each case.

· What do you conclude from these

observations?

From the above experiment we

can conclude that when light ray

travels from a rarer medium (air) to a

denser medium (glass) the value of r

is     less     than     the     value     of     ‘i’    and

Table 2

i r Sin i Sin r Sin i / Sin r
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#áÖ|¾q$<ó�+>± � ¿ÃD¹sK\��+{ìú ÿ¿£ e�Ôáï+�|Õ
d�Öº+#á+&�.

|�³+`4(_) ýË #áÖ|¾q$<ó�+>± nsÁÆe�Ô�ï¿±sÁ
>±E|�\¿£qT MM yî+�&� neTsÁÌ+&�. >±E|�\¿£
y�«d�+ MMÔÃ @¿¡uó�$+#�*.

<�� ¹¿+ç<�+ O _+<�TeÚÔÃ @¿¡uó �$+#�*.
ýñÈsYýÉÕ{ÙÔÃ NN yî+�&� ¿±+Ü� ç|�d�]+|�CñjáT+&�.
� ýñÈsY ¿±+Ü yîTT<�³ >±*ýË ç|�jáÖDì+º Âs+&�T
jáÖq¿±\qT yû¹s#û�d Ôá\+ MM >·T+&� O _+<�TeÚ
e<�Ý >±EýË¿ì ç|�yû¥d�Tï+~. |�³+`4(_) ýË
#áÖ|¾q³T¢ >±E qT+&� �jáT³Å£� e#ûÌ ¿±+Ü

eÖs�Z�� |�]o*+#á+&�. (>±E qT+&� �jáT³Å£�
e#ûÌ ¿±+Ü eÖs�Z�� (¿±+Ü ¿ìsÁD²�� MTsÁT
>·T]ï+#áýñ¿£bþÔû, q\T|�ÚsÁ+>·T yûd¾q ¿±sÁT¦uËsÁT¦
eTT¿£ØqT e�Ô�ï¿±sÁ ¹sK e<�Ý �+º ýñÈsY ¿±+Ü |�&û
_+<�TeÚqT >·T]ï+#á+&�. Ôá<�Çs� ¿±+Ü eÖs�Z��
}V¾²+#á+&�.)
· ¿±+Ü eÖsÁZ+ýË @<îÕH� $#á\H��� >·T]ï+#�s�?

�|�ð&�T NN ¹sKÅ£� 150 ¿ÃD+ (|�Ôáq¿ÃD+)
#û�d ¹sK yî+�&� ýñÈsY¿±+Ü� ç|�d�]+|�CñjáT+&�.
� ¿±+Ü ¿ìsÁD+ O _+<�TeÚ>·T+&� bþjûT$<ó�+>±
C² ç> ·Ô á ï  eV ¾ ²+# á+& � . >±E|�\¿ £  j î T T¿ £ Ø
eç¿£Ôá\+>·T+&� �jáT³Å£� e#ûÌ ¿±+Ü� |�]o*+º,
eç¿¡uó �eq ¿ÃD²�� ¿=\e+&�. | �Ôáq¿ÃD+,
eç¿¡uó�eq¿ÃD+ $\Te\qT |�{ì¼¿£̀ 2ýË qyîÖ<�T
#ûjáT+&�. 200, 300, 400, 500 eT]jáTT 600

|�Ôáq¿ÃD²\ÔÃ � ç|�jîÖ>±�� eTsÁý² #ûjáT+&�.
y�{ì¿ì d�+�+~ó+ºq eç¿¡uó�eq ¿ÃD²\qT n<û
|�{ì¼¿£ýË qyîÖ<�T #ûjáT+&�.

|�{ì¼¿£̀ 2

ç|�r i, r $\T\Å£� sin i, sin r \qT >·Dì+#á+&�.
ç|�r d�+<�s�ÒÛ�¿ì sin i/  sin r $\TeqT ¿£qT>=�
|�{ì¼¿£ýË s�jáT+&�.

>·eT�¿£: ç|�r d�+<�sÁÒÛ+ýË sin i, sin r $\Te\qT
>·Dì+#á&��¿ì MT �bÍ<ó�«jáTT\ d�V�²¿±sÁ+
rd�T¿Ã+&�.

n�� d�+<�s�ÒÛ\ýËqÖ sin i / sin r �w�ÎÜï $\Te
d¾�sÁ+>± �+³T+~.
· � �w�ÎÜï >±E jîTT¿£Ø eç¿¡uó�eq >·TD¿±�¿ì

d�eÖqeTeÚÔáT+<�? m+<�TÅ£�?

� �w�ÎÜï $\Te >±E jîTT¿£Ø eç¿¡uó�eq
>·TD¿±�� Ôî\T|�ÚÔáT+~. �|Õ ç|�jîÖ>·+ýË� n��
d�+<�s�ÒÛ\ýË  r $\Te  i $\Te  ¿£H��  ÔáÅ£�Øe>±
�+&�&�+ MTsÁT >·eT�+#áe#áTÌ. n+Ôû>±¿£ ç|�r
d�+<�sÁÒÛ+ýË eç¿¡uó�eq ¿ìsÁD+ \+�+yîÕ|�Ú>± e+>·&�+
>·eT�+#áe#áTÌ.
· �|Õ |�]o\q\qT�{ì¼ MT¹s+ �s�ÆsÁD\T #ûkÍïsÁT?

$sÁÞøjáÖq¿£+ qT+&� kÍ+ç<�ÔásÁ jáÖq¿£+ýË¿ì
¿±+Ü ç|�jáÖDì+ºq|�Ú&�T eç¿¡uó�eq ¿ÃD+ $\Te,
|�Ôáq¿ÃD+ $\Te¿£H�� ÔáÅ£�Øe>± �+³T+<��,

|�³+-4(_)

i r Sin i Sin r Sin i / Sin r
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the refracted ray bends towards the

normal.

· Can you guess what happen when light

ray travels from a denser medium to a

rarer medium?

Let us take up another activity to find

this.

Activity 4

Take a metal disk. Use a protractor and

mark angles along its edge as shown in the

fig.- 5(a). Arrange two straws at the centre

of the disk in such a way that they can be

rotated freely about the centre of the disc.

Adjust one of the straws to make an

angle 100. Immerse half of the disc

vertically into the water, filled in a

transparent vessel. While dipping, verify

that the straw at 100 is inside the water.

From the top of the vessel try to view the

straw which is inside the water as shown in

fig.- 5(b). Then adjust the other straw which

is outside the water until both straws appear

to be in a single straight line.

Then take the disc out of the water and

observe the two straws on it. You will find

that they are not in a single straight line.

· Why do the straws appear to be in a

straight line when we view them from

the top?

Measure the angle between the normal

and second straw. Draw table-2 again in

your notebook and note the value. Do the

same for various angles. Find the

corresponding angles of refraction and note

them in the table drawn. Use the data in the

table and find refractive index of water. Do

not take up this activity for angles of

incidence greater than 48 degrees. You will

learn the reasons for this in the following

sections.

You will observe that in the above

activity, ‘r’ is greater than ‘i’ in all cases

that means when light travels from water

(denser) to air (rarer). It behaves in an

opposite way to that we observed in lab

activity 1.

From this activity we can generalize

that when the light ray travels from denser

to rarer, it bends away from the normal and

r > i.

· Is there any relation between the angle

of incidence and the angles of

refraction?

The relation between angle of

incidence and angle of refraction can be

given by n
1
sin i = n

2
sin r.

This is called Snell’s law

fig-5(a)

fig5(b)

Straw

Straw
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eç¿¡uó�eq ¿ìsÁD+ \+�+yîÕ|�Ú>± e+>·TÔáT+<�� �|Õ
ç|�jîÖ>·+ �<ó�sÁ+>± �s�Æ]+#áe#áTÌ.
· kÍ+ç<�ÔásÁ jáÖq¿£+ qT+&� $sÁÞøjáÖq¿£+ýË¿ì

¿±+Ü ç|�jáÖDì+ºq|�Ú&�T @+ ÈsÁT>·TÔáT+<Ã
}V¾²+#á>·\s�?
B� >·T]+º Ôî\Td�T¿Ãe&��¿ì eTs=¿£ ¿£�Ôá«+

#û<�Ý+.

¿£�Ôá«+  4

ÿ¿£ e�Ô�ï¿±sÁ|�Ú ýËV�²|�Ú |�Þèß+ (disk) rd�T¿=�
<���|Õ ¿ÃDeÖ� d�V�äjáT+ÔÃ |�³+`5 (m)ýË
#áÖ|¾q$<ó�+>± ¿ÃD²\qT >·T]ï+#á+&�. &�dtØ ¹¿+ç<�+
e<�Ý Âs+&�T »çkÍ¼µ\qT, ¹¿+ç<�+ #áT³Ö¼ d�T\uó�+>±
Ü]¹>³³T¢ neTsÁÌ+&�.

ÿ¿£ çkÍ¼qT 100 ¿ÃD¹sK yî+�&� neTsÁÌ+&�.
� &�dtØqT |�³+`5 (_)ýË #áÖ|¾q³T¢ bÍsÁ<�sÁô¿£
bÍçÔáýË >·\ ú{ìýË d�>·+ esÁÅ£� eTT+#á+&�. &�dtØqT
ú{ìýË eTT+ºq|�Ú&�T 100 ¿ÃD¹sK e<�Ý �+ºq
çkÍ¼ ú{ìýË eTT�Ð �+&û³³T¢ C²ç>·Ôáï eV¾²+#á+&�.
bÍçÔá �|Õuó²>·+ qT+&� ú{ìýË eTT�Ð�q� çkÍ¼qT
#áÖd�Öï, ú{ì �jáT³ �q� çkÍ¼qT ýË|�\ �q� çkÍ¼ÔÃ

d�sÁÞø¹sKýË �+&û$<ó�+>± neTsÁÌ+&�.
ÔásÁy�Ôá &�dtØqT ú{ì qT+&� �jáT³Å£� rd¾

Âs+&�T çkÍ¼\qT |�]o*+#á+&�. n$ Âs+&�Ö ÿ¹¿
d�sÁÞø¹sKýË ýñe� MTsÁT >·T]ïkÍïsÁT.
· bÍçÔá �|Õ qT+&� #áÖd¾q|�ð&�T çkÍ¼\T Âs+&�Ö ÿ¹¿

d�sÁÞø¹sKýË �q�³T¢ m+<�TÅ£� ¿£�|¾kÍïsTT?
Âs+&�e çkÍ¼Å£�, \+u²�¿ì eT<ó�« ¿ÃD²��

¿=\e+&�. |�{ì¼¿£̀ 2qT eTsÁý² MT HÃ{Ù�T¿ùýË
s�d�T¿=� n+<�TýË i,  r $\Te\qT qyîÖ<�T
#ûjáT+&�. �<û ç|�jîÖ>±�� $$<ó� |�Ôáq¿ÃD²\ÔÃ
#ûd¾ eç¿¡uó�eq ¿ÃD²\qT ¿=\e+&�. ç|�r d�+<�sÁÒÛ+ýË
i, r $\Te\qT |�{ì¼¿£ýË qyîÖ<�T #ûjáT+&�. |�{ì¼¿£ýË�
$\Te\ �<ó�sÁ+>± ú{ì eç¿¡uó �eq >·TD¿±��
¿£qT¿ÃØ+&�. � ç|�jîÖ>·+ýË |�Ôáq¿ÃD+ 480\qT
$T+#ás�<�T. B�¿ì> ·\ ¿±s ÁDyû T$T{Ë �
bÍsÄ�«+Xø+ýË eTT+<�TeTT+<�T Ôî\Td�TÅ£�+{²sÁT.

ú{ì qT+&� (kÍ+ç<�ÔásÁ jáÖq¿£+ qT+&�)
>±*ýË¿ ì ($s ÁÞ øj áÖq¿ £+ýË¿ì ) ¿±+Ü
ç|�jáÖDì+#û³|�ð&�T ç|�Ü d�+<�sÁÒÛ+ýËqÖ r $\Te
i ¿£H�� mÅ£�Øe �+³T+<�� �|Õ ç|�jîÖ>·+ <�Çs�
MTsÁT >·T]ïkÍïsÁT. ç|�jîÖ>·Xæ\ ¿£�Ôá«+1ýË eTq+
|�]o*+ºq n+Xæ�¿ì |�P]ï e«Ü¹s¿£+>± �
¿£�Ôá«+ýË ¿±+Ü ç|�jáÖDìd�Tï+~.

� ¿£�Ô�«���{ì¼ kÍ+ç<�ÔásÁ jáÖq¿£+ qT+&�
$sÁÞøjáÖq¿£+ýË¿ì ¿±+Ü ç|�jáÖDì+ºq|�Ú&�T
\+u²�¿ì <�ÖsÁ+>± e+>·TÔáT+<��, r > i neÚÔáT+<��
#î|�Îe#áTÌ.
· |�Ôáq¿ÃD²�¿ì, eç¿¡uó�eq ¿ÃD²�¿ì eT<ó �«

d �+�+< ó ��� ÿ¿ £ d �Ö çÔ á  s ÁÖ| �+ýË
s�jáT>·\eÖ?
|�Ôáq¿ÃD²�¿ì, eç¿¡uó �eq ¿ÃD²�¿ì eT<ó�«

d�+�+<ó��� ¿ì+~ d�ÖçÔá+ÔÃ Ôî*jáTCñkÍï+.
n

1
 sin i = n

2
 sin r.

B�� �d�ýÙ �jáTeT+ n+{²+.

|�³+-5(m)

|�³+-5(_)

çkÍ¼

çkÍ¼
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2

1

nsin i

sin r n
Þ =

we know 2 1

1 2

n v

n v
=

1

2

sin i v

sin r v
Þ =

When light travels from one

medium to another the ratio of speeds is
1

2

v

v
 and the ratio of refractive indices is 2

1

n

n
.

Hence angle of incident and angle of

refraction will follow  
1

2

sin i v

sin r v
=

Derivation of Snell’s Law :

Consider the following analogy to derive it.

Let us imagine that a person has fallen out of

boat and is screaming for help in the water at point

B as shown in fig.- 6(a).

The line marked through point ‘X’ is the shore

line. Let us assume that we are at a point ‘A’ on the

the shore and we saw the accident. In order to save

the person we need to travel a certain distance on land and a certain distance in water.

We know that, we can run faster on land than we can swim in water.

·  What do we do to save the person?

·  Which path enables us to save the person in the shortest possible time?

·  Do we go in a straight line?

By careful thought we would realize that

it would be advantageous to travel a greater

distance on the land in order to decrease the

distance in water because we go much slower

in water. For whatever speeds on land and in

water, the final path that one has to follow to

reach the person is ACB, and that this path

takes the shortest time of all the possible paths (see fig.- 6c). If we take any other route,

it will be longer.

If we plot a graph for the time taken to reach the girl against the position of any point

when we cross the shore line, we would get a curve something like that shown in

fig.-6(b). In this graph, the distance from point Y to the points like D, C are taken as

values of Z.

Where ‘C’, the point on shore line, corresponds to the shortest of all possible times.

Let us consider a point ‘D’ on shore line which is very close to point ‘C’ such that there

is essentially no change in time between path ACB and ADB.

fig-6(a)

A

B

X

C

ti
m

e 
 t

Z

fig-6(b)
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2

1

nsin i

sin r n
Þ =

2 1

1 2

n v

n v
=  ¿±�{ì¼

1

2

sin i v

sin r v
Þ =

¿±+Ü ÿ¿£ jáÖq¿£+ qT+&� eTs=¿£
jáÖq¿£+ýË¿ì ç|�jáÖDì+#û³|�ð&�T � jáÖq¿±\ýË
¿±+Ü yû>±\ �w�ÎÜï 1

2

v

v
 � jáÖq¿±\ eç¿¡uó�eq

>·TD¿±\ �w�ÎÜï 2

1

n

n
 Å£� d�eÖq+>± �+³T+<��

#î|�Îe#áTÌ. sin i

sin r
 $\Te 1

2

v

v
 Å£� d�eÖeTjûT«³³T¢

|�Ôáq, |�s�esÁïq ¿ÃD²\T �+{²sTT.
�d�ýÙ �jáTeT+ �Ô�Î<�q

�d�ýÙ �jáTeÖ�� �Ô�Î~+#á&��¿ì ¿ì+~ d�+<�s�ÒÛ�� |�]>·DqýË¿ì rd�T¿Ã+&�.
|�³+`6 (m)ýË #áÖ|¾q$<ó�+>± B nHû _+<�TeÚ e<�Ý ÿ¿£

e«¿ìï ú{ìýË |�&� d�V�äjáT+ ¿Ãd�+ m<�TsÁT#áÖd�TïH��&�qT ¿=+<�+.
|�³+ýË x - _+<�TeÚ>·T+&� n&�¦+>± ^d¾q ¹sK ú{ì

çbÍ+Ô��¿ì »ÿ&�T¦µqT Ôî*jáTCñ�d ¹sK (shore line) n�
uó²$+#á+&�. eTq+ Hû\�|Õ A _+<�TeÚ <�>·ZsÁ  �H��eTqÅ£�+<�+.
�|�ð&�T eTq+ � e«¿ìï� ¿±bÍ&�\+fñ ¿=+Ôá <�ÖsÁ+ Hû\
MT<�, ¿=+Ôá<�ÖsÁ+ ú{ìýË ç|�jáÖDì+#�*.

ú{ìýË �<�&�+ ¿£+fñ Hû\MT<� eTq+ yû>·+>± |�sÁTÂ>Ôáï>·\eT� eTqÅ£� Ôî\Td�T.
· � e«¿ìï� ¿±bÍ&�&��¿ì eTq+ @+ #ûkÍï+?
· nÔá�� ÔáÇsÁ>± ¿±bÍ&�\+fñ @ eÖsÁZ+ d�ÂsÕq~?
· |�³+`6 (m) ýË #áÖ|¾q³T¢ eTq+ d�sÁÞø¹sU² eÖsÁZ+ýË yîÞ²ïeÖ?

eTq+ ú{ìýË yîT\¢>± ¿£<�T\TÔ�+ ¿±�{ì¼, mÅ£�Øe <�ÖsÁ+ Hû\�|Õ ç|�jáÖDì�dï ú{ìýË ç|�jáÖDì+#û
<�ÖsÁ+ ÔáÅ£�ØeeÚÔáT+~. eTq+ Hû\�|Õ, ú{ìýË @ yû>±\ÔÃ ç|�jáÖDì+ºH�, � e«¿ìï �q�#Ã³TÅ£� #ûsÁT¿Ãe&��¿ì
|�³+`6 (d¾)ýË #áÖ|¾q³T¢ ACB eÖs�ZHû� mqT�¿Ãy�*. �ÔásÁ eÖs�Z\��+{ì� ¿£+fñ � eÖs�Z�¹¿
ÔáÅ£�Øe d�eTjáT+ |�&�TÔáT+~.  $TÐ*q @ eÖs�Z�� mqT�Å£�H�� n~ ACB ¿£+fñ mÅ£�Øe d�eTjáT+ |�fñ¼
eÖsÁZ+ neÚÔáT+~.

A qT+&�, ú{ì ÿ&�T¦>± uó²$+#û ¹sK�|ÕqTq� $$<ó�
_+<�TeÚ\>·T+&� e«¿ìï �q� #Ã³TÅ£� #ûsÁ&��¿ì |�fñ¼ ¿±ý²\Å£�
d�+�+~ó+ºq ç>±|�t ̂ �dï n~ |�³+`6 (_) ýË #áÖ|¾q$<ó�+>±
�+³T+~. (� ç>±|�týË Z $\Te\T : A _+<�TeÚ qT+&�
ÿ&�T¦¹sK�|Õ¿ì ^ºq \+�+ ÿ&�T¦¹sKqT K+&�+#û _+<�TeÚ (Y)
qT+&� ÿ&�T¦¹sK�|Õ >·\ D, C e+{ì $$<ó� _+<�TeÚ\Å£� >·\
<�Ös�\T).

�+<�TýË C nHû _+<�TeÚ n�� d�+<�s�ÒÛ\ýËÂ¿ý²¢ nÜ ÔáÅ£�Øe ¿±ý²�� Ôî*jáTCñd�Tï+~. ÿ&�T¦¹sK�|Õ C
_+<�TeÚÅ£� nÜ <�>·ZsÁýË eTsÃ _+<�TeÚ D� |�]>·DqýË¿ì rd�TÅ£�+<�+. nq>± ACB, ADB eÖs�Z\>·T+&�
ç|�jáÖDì+#á&��¿ì |�fñ¼ ¿±ý²\T d�eÖq+ n� uó²$<�Ý+.

|�³+-6(m)

A

B

X

C

¿±
\+

  t

Z

|�³+-6(_)
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i

r
F

D

E

r

i

C X

B
fig-6(c)

A

r

At D and C angle of refraction is
taken as r because the points  C and

D are assumed to be close

N

N

Y

A B

C

q

Let us try to calculate how long it would take to go from A to B by the two paths one

through point D and another through point C (see fig.- 6c).

First look at the paths on the land as shown in fig.- 6(c). If we draw a perpendicular

DE; between two paths at D, we see that the path (AD) on land is shortened by the

amount EC. On the other hand, in the water, by drawing a corresponding perpendicular

CF we find that we have to go the extra distance DF in water.

In other words, we gain a time that is equal to go through distance EC on land but we

lose the time that is equal to go extra distance DF in water. These times must be equal

since we assumed there no change in time between the two paths.

Let the time taken to travel from E to C and D to F be Dt and v
1
 and v

2
 be the speeds

of running and swimming. From fig.- 6(c) we get,

EC = v
1
  Dt and DF = v

2
  Dt

a
1

1

EC v

DF v
= ————(3)

Let i and r be the angles measured between the path ACB and normal NN,

perpendicular to shore line X.

· Can you find sin i and sin r from fig.- 6(c)?

Note : Sin of any acute angle in a right angled triangle can be

defined as a ratio of opposite side of that angle to the Hypotenuse.

sin q = 
BC

AC

From fig.- 6(c), we get;

 sin i = 
EC

DC
 and sin r = 

DF

DC

Therefore,

 
sin i

sin r
 = 

EC

DF
——————(4)

S
C
E
R
T, T

E
LA

N
G
A
N
A



d�eTÔá\ �|�]Ôáý²\ e<�Ý ¿±+Ü eç¿¡uó�eq+ 110$<�«sÁT�\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

i

r
F

D

E

r

i

C X

B

|�³+-6(d¾)

A

r

C, D _+<�TeÚ\T #�ý² <�>·ZsÁ>±
�q�|�ÚÎ&�T C, D \ e<�Ý eç¿¡uó�eq

¿ÃD²�� r >± rd�TÅ£�+{²+

N

N

Y

r

|�³+`6 (d¾)ýË  #áÖ|¾q ACB, ADB eÖs�Z\ <�Çs� A qT+&� B Å£� #ûsÁ&��¿ì |�fñ¼ d�eTjáÖ\qT
ýÉ¿£Ø>·&�<�+.

yîTT<�³ |�³+ 6 (d¾)ýË #áÖ|¾q Hû\�|Õ ç|�jáÖDì+#û eÖs�Z\qT (AD,AC) #áÖ&�+&�. Âs+&�T
eÖs�Z\ eT<ó�« D e<�Ý DE nHû \+u²�� ^�dï, AC eÖsÁZ+ÔÃ bþ*Ìq|�ð&�T AD eÖsÁZ+ýË Hû\MT<�
ç|�jáÖDì+#�*àq <�ÖsÁ+ EC yûTsÁ Ôá>·TZÔáT+~. n<û $<ó�+>± ú{ìýË ç|�jáÖDì+#û eÖs�Z\T CB, DB

\qT #áÖ&�+&�. � Âs+&�T eÖs�Z\ eT<ó�« C e<�Ý CF nHû \+u²�� ^�dï, CB eÖsÁZ+ÔÃ bþ*Ìq|�ð&�T
DB eÖsÁZ+ýË ú{ìýË ç|�jáÖDì+#�*àq <�ÖsÁ+ DF yûTsÁ �|sÁT>·TÔáT+~.

eTsÃ$<ó�+>± #îbÍÎ\+fñ ADB eÖsÁZ+ >·T+&� ç|�jáÖDì�dï EC <�ÖsÁ+ Hû\ MT<� ç|�jáÖDì+#á&��¿ì
|�fñ ¼ ¿±\+ �<� neÚÔáT+~. ú{ìýË DF <�ÖsÁ+ ç|�jáÖDì+#á&��¿ì |�fñ¼ ¿±\+ n~ó¿£+>±
ned�sÁeTeÚÔáT+~. � Âs+&�T ¿±ý²\T d�eÖqeTy�Ç*. m+<�T¿£q>± ACB, ADB eÖs�Z\ýË
ç|�jáÖDì+#á&��¿ì |�fñ¼ ¿±ý²\T d�eÖqeT� eTq+ uó²$+#�+.

E qT+&� C¿ì Hû\�|Õ>±ú, D qT+&� FÅ£� ú{ìýË>±ú ç|�jáÖDì+#á&��¿ì |�fñ¼¿±\+ t nqTÅ£�+<�+.
Hû\�|Õ yû>·+ v

1
, ú{ìýË yû>·+ v

2
 nsTTÔû, |�³+`6 (d¾) qT+&� ¿ì+~ d�MT¿£sÁD²\T s�jáTe#áTÌ.

EC = v
1

t eT]jáTT DF = v
2
 t

1

1

EC v

DF v
= ........................... (3)

C _+<�TeÚ e<�Ý ÿ&�T¦¹sK x Å£� ^d¾q \+�+ NNÔÃ ACB eÖsÁZ+ #û�d ¿ÃD²\T i, r  nsTTÔû
· |�³+`6 (d¾) <�Çs� sin i, sin r $\Te\T MTsÁT ¿£qT>=q>·\s�?

>·eT�¿£: \+�¿ÃD çÜuó�TÈ+ýË @<îÕH� n\Î¿ÃD+ jîTT¿£Ø sin $\TeqT
� ¿ÃD+ jîTT¿£Ø m<�T{ì uó�TÈ+ eT]jáTT ¿£s��\ �w�ÎÜï>± d�ÖºkÍï+.

sin q = 
BC

AC

|�³+ 6 (d¾) qT+&�..  sin i = 
EC

DC
, sin r = 

DF

DC

sin i

sin r
 = 

EC

DF
........................... (4)

A B

C

q
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Above experiments and activities show

that refraction of light occurs according to

certain laws.

Following are the laws of refraction.

1. The incident ray, the refracted ray

and the normal to interface of two

transparent media at the point of

incidence all lie in the same plane.

2. During refraction, light follows

Snell’s law

 n
1
 sin i = n

2
 sin r  (or)  

sin i
constant

sin r
= .

· Is there any chance that angle of

refraction is equal to 900? When does

this happen?

Let us find out

4.3 Total Internal Reflection

Activity 5

Use the same materials as used in lab

activity 1. Place the semi circular glass disc

in such a way that its diameter coincides

with interface line MM  and its centre

coincides with point ‘O’ as we have done

in lab activity. Now send light from the

curved side of the semicircular glass disc.

This means that we are making the light

travel from denser medium to rarer

medium. Start with angle of incidence (i)

equal to 00 i.e., along the normal and look

for the refracted ray on the other side of

the disc.

· Where do you find the refracted ray?

· Does it deviate from its path when it

enters the rarer medium?

You might have noticed that it doesn’t

deviate. Send laser light along angles of

incidence 50, 100, 150 etc.., and measure the

angle of refraction. Tabulate the results in

table-3 as shown below and note the values

‘i’ and ‘r’ in the table.

· At what angle of incidence do you

notice that the refracted ray grazes the

interface separating the two media (air

and glass)?

from equations (3) and (4), we have

 sin i / sin r =  v
1 
/ v

2
––—————(5)

Thus to save the person, one should take such a path to satisfy the above equation. We

used the principle of least time to derive the above result. Hence we can apply the same

for the light ray also. From (5) we get,

1 1

2 2

sin i v n

sin r v n
= = ,       (since 

1 1

2 2

v n

v n
= )

a  n
1
 sin i = n

2
 sin r.

This is called Snell’s law.

ri

Table 3
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�|�Î{ìesÁÅ£� eTq+ �sÁÇV¾²+ºq ç|�jîÖ>±\
<�Çs� ¿±+Ü eç¿¡uó�eq+ nHû~ ¿=�� �jáTeÖ\Å£�
nqT>·TD+>± ÈsÁT>·TÔáT+<�� Ôî\Td�Tï+~. �
�jáTeÖ\T:
1. |�Ôáq ¿ìsÁD+, eç¿¡uó�eq ¿ìsÁD+, Âs+&�T

jáÖq¿±\qT yûsÁT#û�d Ôá\+�|Õ |�Ôáq_+<�TeÚ
e<�Ý ̂ d¾q \+�+ nú� ÿ¹¿ Ôá\+ýË �+{²sTT.

2. eç¿¡uó �eq+ýË ¿±+Ü »�d�ýÙµ �jáTeÖ��
bÍ{ìd�Tï+~.

n
1 
sin i = n

2 
sin r  ýñ<� 

 

sin i

sin r
 =  d¾�s�+¿£+.

· eç¿¡uó�eq  ¿ÃD+  900  njûT«   d�+<�sÁÒÛ+
�+³T+<�? n~ m|�ð&�T neÚÔáT+~?
¿£qT>=+<�+.

4.3 d�+|�Ps��+ÔásÁ |�s�esÁïq+ (Total

internal reflection)

¿£�Ôá«+  5

ç|�jîÖ>·Xæ\¿£�Ôá«+`1ýË y�&�q |�]¿£s�\Hû
�|�ð&�T Å£L&� $�jîÖÐ+#á+&�. ç|�jîÖ>·Xæ\
¿£�Ôá«+`1ýË �+ºq³T¢>±Hû nsÁÆ e�Ô�ï¿±sÁ >±E
~yîT� y�«d�+ jáÖq¿±\qT yûsÁT#û�d ¹sK MMÔÃ
@¿¡uó�$+#û³³T¢>± neTsÁÌ+&�. MM eT<ó�« _+<�TeÚ
O ÔÃ >±E ~yîT� y�«d�+ jîTT¿£Ø eT<ó�«_+<�TeÚ
@¿¡uó�$+#�*. �|�ð&�T >±E ~yîT� eç¿£Ôá\+ yîÕ|�Ú

qT+&� ¿±+Ü� |�+|�+&�. n+fñ �|�ð&�T eTq+
¿±+Ü� kÍ+ç<�Ô ásÁ jáÖq¿£+ qT+&� $s ÁÞø
jáÖq¿£+ýË¿ ì | �+|� ÚÔ á TH��+. yîTT< �³ 00

|�Ôáq¿ÃD+ÔÃ çbÍsÁ+_ó+º (¿±+Ü� \+�+ NN

yî+�&� |�+|�ÚÔáÖ) >±E~yîT� Âs+&ÃyîÕ|�Ú eç¿¡uó�eq
¿ìsÁD²�� |�]o*+#á+&�.
·   eç¿¡uó�eq ¿ìsÁD²�� MTsÁT m¿£Ø&� >·T]ï+#�sÁT?
·  $sÁÞø jáÖq¿£+ýË¿ì ç|�yû¥+#û³|�ð&�T eç¿¡uó�eq

¿ìsÁD+ Ôáq |�<¸��� eÖsÁTÌÅ£�+<�?
eç¿¡uó�eq ¿ìsÁD+ Ôáq |�<¸��� eÖsÁTÌ¿Ãýñ<��

MTsÁT >·T]ï+º �+{²sÁT. �|�ð&�T 50, 100, 150

yîTT<�\>·T |�Ôáq¿ÃD²\ÔÃ ¿±+Ü� |�+|¾ eç¿¡uó�eq
¿ÃD²\qT ¿=\e+&�. MT HÃ³T�T¿ùýË |�{ì¼¿£̀ 3qT
s�d�T¿=� n+<�TýË i,  r $\Te\qT qyîÖ<�T
#ûjáT+&�.
· @ |�Ôáq ¿ÃD+ e<�Ý eç¿¡uó�eq ¿ìsÁD+ >±E,

>±* jáÖq¿±\qT yûsÁT#û�d ¹sK MM yî+�&�
ç|�jáÖDì+º+~?

d�MT¿£D²\T (3), (4)\ qT+&� 1

2

sin i v

sin r v
=

 
 ........................ (5)

¿±�{ì¼ � e«¿ìï� ¿±bÍ&�\+fñ (5)e d�MT¿£sÁD²��  d�+Ôá�|¾ï|�]#û  eÖsÁZ+>·T+&�  ç|�jáÖDì+#�*.
� d�MT¿£sÁD²�� �Ô�Î~+#á&��¿ì eTq+ ¿£�w�¼ ¿±\ �jáTeÖ�� �|�jîÖÐ+#�+. �<û �jáTeÖ�� eTq+
¿±+Ü ¿ìsÁD²\Å£� Å£L&� �|�jîÖÐkÍï+. ¿±eÚq d�MT¿£sÁD+ (5) qT+&�

1 1

2 2

sin i v n

sin r v n
= = ( 

1 1

2 2

v n

v n
=   ¿±�{ì¼)

a n
1 
sin i = n

2 
sin r

B�Hû »�d�ýÙµ �jáTeT+ (Snell's Law) n+{²+.

|�{ì¼¿£̀ 3

ri
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You will observe that at a certain angle

of incidence the refracted ray does not

come out but grazes the interface separating

air and glass. Measure the angle of

incidence for to this situation. This angle

of incidence is known as critical angle.

Let us consider the light ray that travels

from medium 1 with refractive index n
1
 to

medium 2 with refractive index n
2
. See

fig.-7.

It is already found that the angle of

refraction is more than angle of incidence

when a light ray travels from denser(n
1
) to

rarer medium (n
2
).

For the angle of incidence i, let r be

the angle of refraction.

From Snell’s law

n
1
 sin i = n

2
 sin r  _  

1

2

n sin r

n sin i
=

we know that, 
1

2

n

n
 is greater than 1, so

that sin r/ sin i is greater than 1.So we

conclude that the angle of refraction is

greater than the angle of incidence, i.e, r is

greater than i.

The angle of incidence at which the

light ray, travelling from denser to rarer

medium, grazes the interface is called

critical angle for denser medium. It is

shown in fig.-7.

Let C be the critical angle. Then r

becomes 900

we get, 

o

1

2

n sin 90

n sin c
=

   
1

2

n 1

n sin c
Þ =

We get sin c = 
2

1

n

n
.  We know that 1

2

n

n

i.e., n
12

 is called refractive index of denser

medium with respect to rarer medium

sin c = 
12

1

n

· Can you find the critical angle of water

using the above equation? Discuss it in

your class.

· What happens to light when the angle

of incidence is greater than critical

angle?

When the angle of the incidence is

greater than critical angle, the light ray gets

reflected into the denser medium at the

interface i.e., light never enters the rarer

medium. This phenomenon is called total

internal reflection. It is shown in fig.- 7.

Discuss these ideas in your class and

find out the critical angle of water.

Let us see an example on total internal

reflection.

N
Rarer

Denser N

C

fig-7
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�]Æw�¼ |�Ôáq¿ÃD+ e<�Ý eç¿¡uó�eq ¿ìsÁD+ >±E,
>±* jáÖq¿±\qT y ûs Á T# û �d ¹sK y î+�&�
ç|�jáÖDì+#á&�+ MTsÁT >·eT�+#áe#áTÌ. n|�ð&�T
|�Ôáq¿ÃD²�� ¿=\e+&�. � ¿ÃD²�� »d�+~>·Æ ¿ÃD+µ
(critical angle) n+{²+.

�|Õ ¿£�Ôá«+ýË� |��*Ô�\qT �|�s��{Ù d�ÖçÔá+
(¿£�w�¼ ¿±\�jáTeT+) <�Çs� $e]+#áe#áTÌ.

ÿ¿£ ¿±+Ü ¿ìsÁD+ n
1
 eç¿¡uó�eq >·TD¿£+ ¿£*Ðq

ÿ¿£{Ë jáÖq¿£+ qT+&� n
2
 eç¿¡uó�eq >·TD¿£+ ¿£*Ðq

Âs+&Ã jáÖq¿£+ýË¿ì ç|�jáÖDìd�Tï+<�qTÅ£�+<�+
(|�³+`7 #áÖ&�+&�).

kÍ+ç<�ÔásÁ jáÖq¿£+ qT+&� $sÁÞø jáÖq¿£+ýË¿ì
ç|�jáÖDì+#û ¿±+Ü ¿ìsÁD²�¿ì @ |�Ôáq¿ÃD+ e<�Ý
eç¿¡uó�eq ¿ìsÁD+ jáÖq¿±\qT yûsÁT#û�d Ôá\+>·T+&�
ç|�jáÖDìd�Tï+<Ã, � |�Ôáq¿ÃD²�� � $sÁÞøjáÖq¿£+
|�sÁ+>± kÍ+ç<�ÔásÁ jáÖq¿£+ jîTT¿£Ø d�+~>·Æ¿ÃD+
n+{²+. |�³+ (7) ýË #áÖ|��&�q~.

C nHû~ d�+~>·Æ¿ÃD+ nqTÅ£�+<�+. n|�ð&�T
r = 900 neÚÔáT+~.

o

1 1

2 2

n sin 90 n 1

n sin c n sin c
= Þ =  a sin C =

2

1

n

n

1

2

n

n
 nq>± $sÁÞø jáÖq¿£+ (n

2
) |�sÁ+>±

kÍ+ç<�ÔásÁ jáÖq¿£+ (n
1
) jîTT¿£Ø eç¿¡uó�eq >·TD¿£+

(n
12

) .

¿±�{ì¼ sin C = 
12

1

n

· �|Õ d�ÖçÔ��� �|�jîÖÐ+º ú{ì jîTT¿£Ø d�+~>·Æ
¿ÃD²�� MTsÁT ¿£qT>=q>·\s�? MT ÔásÁ>·Ü
>·~ýË B� >·T]+º #á]Ì+#á+&�.

· d�+~>·Æ ¿ÃD+ ¿£+fñ |�Ôáq¿ÃD+ mÅ£�ØyîÕq|�ð&�T
¿±+Ü ¿ìsÁD+ @eTeÚÔáT+~?

d�+~>·Æ ¿ÃD+ ¿£H�� |�Ôáq¿ÃD+ mÅ£�ØyîÕq|�ð&�T
jáÖq¿±\qT yûsÁT#û�d Ôá\+ e<�Ý ¿±+Ü¿ìsÁD+ Ü]Ð
kÍ+ç<�ÔásÁ jáÖq¿£+ýË¹¿ |�s�esÁïq+ #î+<�TÔáT+~.
nq>± ¿±+Ü ¿ìs ÁD+ $s ÁÞø jáÖq¿£+ýË¿ì
ç|�yû¥+#á<�T. � <��ÐÇw�jáÖ�� »d�+|�Ps��+ÔásÁ
|�s�esÁïq+µ n+{²+. |�³+`7 #áÖ&�+&�.

� n+Xæ\ >·T]+º MT ÔásÁ>·Ü>·~ýË #á]Ì+º
ú{ì d�+~>·Æ¿ÃD²�� ¿£qT¿ÃØ+&�.

d�+|�Ps��+ÔásÁ |�s�esÁïH��¿ì d�+�+~ó+ºq
¿=�� ¿£�Ô�«\T �sÁÇV¾²<�Ý+.

N

N

C

|�³+`7
kÍ+ç<�ÔásÁ jáÖq¿£+

(n
1
)

(n
2
)

$sÁÞøjáÖq¿£+

kÍ+ç<�ÔásÁ jáÖq¿£+ (n
1
) qT+&� $sÁÞøjáÖq¿£+

(n
2
) ýË¿ì ¿±+Ü ç|�jáÖDì+ºq|�ð&�T eç¿¡uó�eq

¿ÃD+ |�Ôáq ¿ÃD+ ¿£+fñ mÅ£�Øe>± �+³T+<��
eTqÅ£� Ôî\Td�T.

@<û� |�Ôáq ¿ÃD+ (i) ¿ì |�s�esÁïq ¿ÃD+ (r)
nsTTq|�ð&�T,

�d�ýÙ �jáTeT+ ç|�¿±sÁ+ n
1
 sin i = n

2
 sin r

1

2

n sin r

n sin i
=

1

2

n

n
 $\Te 1 ¿£H�� mÅ£�Øe� eTqÅ£� Ôî\Td�T.

¿±�{ì¼ 
sin r

sin i
 $\Te Å£L&� 1 ¿£H�� mÅ£�Øe.

B���{ì¼ eç¿¡uó�eq ¿ÃD+, |�Ôáq¿ÃD+ ¿£H�� mÅ£�Øe
n� �s�Æ]+#áe#áTÌ. n+fñ r>i.
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Activity  6

Take a transparent glass tumbler and

coin. Place the coin on a table and place

glass tumbler on the coin. Observe the coin

from the side of the glass.

· Can you see the coin?

Now fill the glass tumbler with water

and observe the coin from the side of the

glass tumbler.

· Can you see the coin?

· Explain why the coin disappears from

view.

Activity  7

Take a cylindrical transparent vessel

(you may use 1 L beaker). Place a coin at

the bottom of the vessel. Now pour water

until you get the image of the coin on the

water surface (look at the surface of water

from a side). See fig.- 8.

· Can you explain why the image of the

coin is formed?

There are many interesting situations

around us which involve the phenomenon

fig-8

Coin at
bottom

Image of
the coin
on the
water

surface

of total internal reflection. One of that is a

mirage which we witness while driving or

while walking on a road during a hot summer

day.

4.4 Mirages

Mirage is an optical illusion where it

appears that water has collected on the road

at a distant place but when we get there, we

don’t find any water.

· Do you know the reason why it appears

so?

The formation of a mirage is the best

example where refractive index of a

medium varies throughout the medium.

During a hot summer day, air just above

the road surface is very hot and the air above

is less warmer.  As a result density of air

increases with height above road. We know

that refractive index of air increases with

density. Thus the refractive index of air

increases with height. So, the cooler air at

the top has greater refractive index than

hotter air just above the road. Light travels

faster through the thinner hot air than

through the denser cool air above it.

fig-9(a)
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¿£�Ôá«+  6

ÿ¿£ fñ�TýÙ�|Õ H�Dñ�� �+º <���|Õ ÿ¿£ >±E
>±¢d�TqT �|³¼+&�. >±¢d�T ç|�¿£Ø uó²>·+ qT+&� H�Dñ��
|�]o*+#á+&�.
· MTsÁT H�D²�� #áÖ&�>·\T>·TÔáTH��s�?

>±E >±¢d�TqT ú{ìÔÃ �+|�+&�. >±¢d�T ç|�¿£Ø
uó²>·+ qT+&� H�D²�� #áÖ&�+&�.
· �|�ð&�T H�DÉ+ MTÅ£� ¿£q�&�TÔáT+<�?
· H�DÉ+ MTÅ£� m+<�TÅ£� ¿£q�&�³+ ýñ<�T?

$e]+#á+&�.

¿£�Ôá«+  7

ÿ¿£ d�Ö�bÍ¿±sÁ bÍsÁ<�sÁô¿£ bÍçÔáqT rd�T¿Ã+&�.
(1 ©öö >±E ;¿£sÁTqT Å£L&� MTsÁT $�jîÖÐ+#á
e#áTÌ.)  � bÍçÔá n&�T>·Tq ÿ¿£ H�D²�� �+#á+&�.
�  H�DÉ+ ç|�Ü_+�+  ú{ì �|�]Ôá\+�|Õ ¿£q�&û+Ôá
esÁÅ£� � bÍçÔáýË úsÁT bþjáT+&�. (;¿£sÁT ç|�¿£Øuó²>·+
qT+&� ú{ì �|�]Ôáý²�� #áÖ&�*.) |�³+`8
#áÖ&�+&�.

d���yûXæ\T �+{²sTT. yûd�$¿±\+ýË Ô�sÁT sÃ&�¢
MT< � eTq+ ç| �jáÖDì+#û³|�ð& �T ¿ £q�&û
»m+&�eÖeÚ\Tµ Å£L&� B�¿=¿£ �<�V�²sÁD.

4.4 m+&�eÖeÚ\T (Mirages)

m+&�eÖeÚ\T nHû$ <��¿ù çuó�eT (optical illu-

sion) e\¢ @sÁÎ&�Ô�sTT. m+&�¿±\++ýË ¿=��kÍsÁT¢
Ô�sÁT sÃ&�¢ �|Õ ¿=+Ôá<�ÖsÁ+ýË úsÁT �q�³T¢
¿£q�&�TÔáT+~. ¿±ú n¿£Ø&�¿ì yî[ß#áÖ�dï n¿£Ø&� úsÁT
�+&�<�T.

· �$<ó�+>± ¿£q�&�&��¿ì ¿±sÁDyûT$T{Ë MTÅ£�
Ôî\TkÍ?
@<û� jáÖq¿£ eç¿¡uó�eq >·TD¿£+, � jáÖq¿£+

n+Ôá{² ÿ¹¿ $<ó�+>± �+&�q³Te+{ì d�+<�s�ÒÛ�¿ì
m+&�eÖeÚ\T ÿ¿£ eT+º �<�V�²sÁD. yûd�$
¿±\+ýË sÃ&�T¦ �|�]Ôáý²�¿ì <�>·ZsÁ>± �q� >±*
yû&�>±qÖ sÃ&�T¦ �|�]Ôáý²�¿ì #�ý² mÔáTïýË �q�
>±* #á\¢>±qT �+³T+~. n+fñ mÔáTïqT �{ì¼
�cþ�ç>·Ôá Ôá>·TZÔáT+~. ¿±eÚq mÔáTïqT �{ì¼ >±*
kÍ+ç<�Ôá �|sÁT>·TÔáT+~. >±* eç¿¡uó�eq >·TD¿£+
kÍ+ç<�ÔáÔÃbÍ³T �|sÁT>·TÔáT+<�� eTqÅ£� Ôî\Td�T.
¿±�{ì¼ mÔáTï �|sÁT>·TÔáTq� ¿=\B >±* eç¿¡uó�eq
>·TD¿£+ �|sÁT>·TÔáT+~. ¿±�{ì¼ sÃ&�T¦ �|�]Ôáý²�¿ì
<�>·ZsÁ>± �q� yû&�>±* ¿£+fñ �|Õq �q� #á\¢>±*
eç¿¡uó�eq >·TD¿£+ mÅ£�Øe. ¿±�{ì¼ �|Õq �+&û
kÍ+ç<�ÔásÁyîT®q #á\¢ >±*ýË ¿£+fñ, ¿ì+<� �+&û
$sÁÞøyîT®q yû&�>±*ýË ¿±+Ü yû>·+>± ç|�jáÖDìd�Tï+~.

H�DÉ+ jîTT¿£Ø ç|�Ü_+�+ m+<�TÅ£� @sÁÎ&�+<Ã
$e]+#á>·\s�?
eTq #áT³Ö¼ |�]d�s�\ýË d�+|�Ps��+ÔásÁ

|�s�esÁïH��¿ì d�+�+~ó+ºq nHû¿£ �d�¿ì ï¿£sÁ

|�³+-8

ú{ì �|�]Ôá\+�|Õ
H�DÉ+ ç|�Ü_+�+

ú{ì n&�T>·Tq
H�DÉ+

|�³+-9(m)
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When the light from a tall object such

as tree or from the sky passes through a

medium just above the road, whose

refractive index decreases towards ground,

it suffers, refraction and takes a curved path

because of total internal reflection. See

fig.- 9(c).

This refracted light reaches the

observer in a direction shown in Fig.--9c.

This appears to the observer as if the ray is

reflected from the ground. Hence we feel

the illusion of water being present on road

(shown in fig.-9a) which is the virtual image

of the sky (mirage) and an inverted image

of tree on the road (shown in fig.-9c).

4.5 Applications of total internal

reflection

i) Brilliance of diamonds: Total internal

reflection is the main reason for

brilliance of diamonds. The critical

angle of a diamond is very low (24.4o)

due to higher refractive index. So if a

light ray enters a diamond it is very

likely to undergo multiple total internal

reflection which makes the diamond

shine from its multiple edges.

ii) Optical fibres: Total internal

reflection is the basic principle behind

working of optical fibre. An optical

fibre is very thin fibre made of glass

(or) plastic having radius about a

micrometer (10-6 m). A bunch of such

thin fibres form a light pipe.

Fig.- 10(a) shows the principle of light

transmission by an optical fibre. Fig.- 10(b)

sketches a optical fibre cable. Because of

the small radius of the fibre, light going into

it makes a nearly glancing incidence on the

wall. The angle of incidence is greater than

the critical angle and hence total internal

reflection takes place. The light is thus

transmitted along the fibre.

fig-9(b): The paths of light rays when there

is no change in density of air

fig-9(c)

Refractive index

decreases with depth

fig-10(a)

fig-10(b)

· Why should you see a mirage as

a flowing water?

· Can you take a photo of a mirage?

Think and discuss
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�¿±Xø+ qT+&� ýñ<� mÔîÕïq #î³T¼ qT+&� e#ûÌ
¿±+Ü  »�|Õ  qT+&�  ¿ì+<�Å£�  kÍ+ç<�Ôá eÖsÁTÔáTq�³T
e+{ì >±*µ >·T+&� ç|�jáÖDìd�Öï sÃ&�T¦Å£� <�>·ZsÁ>±
eºÌq|�ð&�T eç¿¡uó�eH��¿ì ýËHîÕ d�+|�Ps��+ÔásÁ
|�s�esÁïq+  e\¢ |�³+`9(d¾) ýË #áÖ|¾q$<ó�+>±
eç¿£eÖsÁZ+ýË ç|�jáÖDìd�Tï+~.

� eç¿¡uó�eq ¿±+Ü |�³+`9(d¾) ýË #áÖ|¾q
eÖsÁZ+ýË |�]o\Å£�Dì� #ûsÁTÔáT+~. � ¿±+Ü Hû\�|Õ
|�s�esÁïq+ #î+~ ed�Tïq�³T¢>± |�]o\Å£��¿ì
¿£�|¾d�Tï+~.

�ý² ÈsÁ>·&�+ e\¢Hû �¿±Xø+ jîTT¿£Ø $T<¸�«
ç|�Ü_+�+ |�³+`9(m) ýË #áÖ|¾q³T¢ eTqÅ£�
sÃ&�T¦�|Õ úÞøßeýÉ ¿£q�&�TÔáT+~. B�Hû m+&�eÖ$
(Mirage) n+{²+.

4.5 d�+|�Ps��+ÔásÁ |�s�esÁ ïq+ `
nqTesÁïH�\T
i) eçC²\ ç| �¿±X ø+: eçC ²\ ç| �¿±Xæ�¿ì

eTTK«¿±sÁD+ d�+|�Ps��+ÔásÁ |�s�esÁïqyûT.
eçÈ+ jîTT¿£Ø d�+~>·Æ ¿ÃD+ $\Te #�ý² ÔáÅ£�Øe
(24.40). ¿±�{ì¼ eçÈ+ýË¿ì ç|�yû¥+#û ¿±+Ü
¿ìsÁD+ d�T\uó�+>± d�+|�Ps��+ÔásÁ |�s�esÁïq+
#î+~ eçÈ+ ç|�¿±Xøe+Ôá+>± ¿£q�&û³³T¢
#ûd�Tï+~.

ii) �|¾¼¿£ýÙ �|�Õ�sYà: �|¾¼¿£ýÙ �|�Õ�sYà d�+|�Ps��+ÔásÁ
|�s�esÁïq+�|Õ �<ó�sÁ|�&� |��#ûkÍïsTT. �|¾¼¿£ýÙ
�|�Õ�sY nHû~ >±E ýñ<� bÍ¢d¾¼¿ùÔÃ ÔájáÖsÁT
#ûjáT�&�q nÜ d�q�� r>·. B� y�«kÍsÁÆ+
d�TeÖsÁT>± 1 yîT®ç¿Ã MT³sY (10`6 MT.)
�+³T+~. �ý²+{ì d�q�� r>·\T ¿=�� ¿£*d¾
ýÉÕ{Ù�|Õ|t>± (light pipe) @sÁÎ&�Ô�sTT.

�|¾¼¿£ýÙ �|�Õ�sYýË ¿±+Ü ç|�jáÖDì+#û $<ó�H���
|�³+`10(m) $e]d�Tï+~. |�³+`10(_) ýË �|¾¼¿£ýÙ
�|�Õ�sY ¹¿�TýÙqT #áÖ&�e#áTÌ. �|¾¼¿£ýÙ �|�Õ�sY jîTT¿£Ø
nÜ ÔáÅ£�Øe y�«kÍsÁÆ+ e\¢ <��ýË¿ì ç|�yû¥+#û ¿±+Ü,
<�� ýË| �* >Ã&�\Å £� Ô á> ·T\TÔ áÖ |�Ô áq+
#î+<�TÔáT+~. |�Ôáq¿ÃD+ d�+~>·Æ¿ÃD+ ¿£H�� mÅ£�Øe
�+&�& �+ e\¢ d �+|�Ps� �+Ôás Á | �s�esÁ ïq+
ÈsÁT>·TÔáT+~. Ôá<�Çs� �|¾¼¿£ýÙ �|�Õ�sY >·T+&� ¿±+Ü
ç|�jáÖDìd�Tï+~.

|�³+-9(_): >±*kÍ+ç<�ÔáýË eÖsÁTÎ ýñq|�ð&�T ¿±+Ü ¿ìsÁD eÖs�Z\T

|�³+-9(d¾)

�|Õ qT+&� uó�Ö$T �|�]Ôá\+yîÕ|�Ú
eç¿¡uó�eq >·TD¿£+ Ôá>·TZÔáÖ+³T+~

|�³+`10(_)

|�³+`10(m)

· m+&�eÖ$ �*º �q� úsÁTý² m+<�TÅ£�
¿£�|¾d�Tï+~?
m+&�eÖ$� MTsÁT b�þ{Ë rjáT>·\s�?

�ýËº+#á+&� ` #á]Ì+#á+&�
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All organs of the human body are not

accessible to the naked eye of the doctor,

for example intestines. The doctor inserts

light pipe into the stomach through the

mouth. Light is sent down through one set

of fibres in the pipe. This illuminates the

inside of the stomach. The light from the

inside travels back through another set of

fibres in the pipe and the viewer gets the

image at the outer end (generally fed to the

computer screen).

The other important application of

fibre optics is to transmit communication

signals through light pipes. For example,

about 2000 telephone signals,

appropriately modulated with light

waves, may be simultaneously transmitted

through a typical optical fibre. The clarity

of the signals transmitted in this way is

much better than other conventional

methods.

· How does light behave when a glass

slab is introduced in its path?

Let us see.

4.6 Refraction Through a Glass

Slab

A thin glass slab is formed when a

medium is isolated from its surroundings

by two plane surfaces parallel to each

other. Let us determine position and

nature of the image formed when the slab

is placed in front of an object. Let us do

an activity.

Aim: Determination of refracted ray

tracking by a glass slab and lateral shift.

Material required: Drawing board,

chart paper, clamps, scale, pencil, thin glass

slab and pins.

Procedure:

Place a piece of chart (paper) on a

drawing board. Clamp it. Place a glass slab

in the middle of the paper. Draw border line

along the edges of the slab by using a pencil.

Remove it. You will get a figure of a

rectangle. Name the vertices of the

rectangle as A, B, C and D.

Draw a perpendicular at a point on the

longer side (AB) of the rectangle. Again

keep the slab on paper such that it coincides

with the sides of the rectangle ABCD. Take

two pins. Stick them on the perpendicular

line to AB. Take two more pins and stick

them on the other side of the slab in such a

way that all pins come to view along a

straight line. Remove the slab from its

place. Take out the pins. Draw a straight line

by using the dots formed by the pins such

that it reaches first edge (AB) of the

rectangle. You will get a long straight line.

· What does it mean?

The light ray that falls perpendicular to

one side of the slab surface comes out with

out any deviation.

Lab Activity
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eÖqe Xø¯sÁ+ýË� ýË|�* nejáTy�\qT
(�<�V�²sÁDÅ£�`ç�|eÚ\T) &�¿£¼sY ¿£+{ìÔÃ #áÖ&�ýñsÁT.
&�¿£¼sY ýÉÕ{Ù�|Õ|�ÚqT HÃ{ì<�Çs� bõ³¼ýË¿ì |�+|�ÚÔ�sÁT.
ýÉÕ{Ù�|Õ|týË� ¿=�� �|¾¼¿£ýÙ �|�Õ�sYà <�Çs� ¿±+Ü�
bõ³¼ýË¿ì |�+|�ÚÔ�sÁT. � ¿±+Ü bõ³¼ ýË|�* uó²>±��
ç|�¿±Xøe+Ôá+>± #ûd�Tï+~. � ýË|�* ¿±+Ü,
ýÉÕ{Ù�|Õ|�ÚýË� eT]¿=�� �|¾¼¿ù �|�Õ�sYà <�Çs� �jáT³Å£�
ed�Tï+~. � �|�Õ�sYà Âs+&�e ºesÁ qT+&� e#ûÌ ¿±+Ü�
|�]o*+#á&�+ <�Çs� (kÍ<ó�sÁD+>±, ¿£+|�P«³sY
çdÓØH��|Õ #áÖ&�&�+ <�Çs�) bõ³¼ ýË|�* uó²>±\ ºçÔ���
|�]o\Å£�\T Ôî\Td�TÅ£�+{²sÁT.

d�eÖ#�sÁ d�+¹¿Ô�\qT (communication sig-

nals) ç|�kÍsÁ+ #ûjáT&��¿ì Å£L&� �|¾¼¿£ýÙ �|�Õ�sY\qT
$]$>± $�jîÖÐkÍïsÁT. �<�V�²sÁDÅ£�, <�<�|�Ú
2000 fÉ*b�þH� d¾>·�ÞøßqT ¿±+Ü ÔásÁ+>±\ÔÃ d�ÂsÕq
$<ó�q+ýË ¿£*|¾ ÿ¹¿kÍ] �|¾¼¿£ýÙ �|�Õ�sY>·T+&�
ç|�kÍsÁ+ #ûjáTe#áTÌ. �ý² ç|�kÍsÁ+ #ûd¾q d�+¹¿Ô�\T,
kÍ+ç|�<�jáT |�<�ÆÜýË ç|�kÍsÁ+ #û�d d�+¹¿Ô�\  ¿£+fñ
#�ý² d�Îw�¼+>± �+{²sTT.
· ¿±+Ü ç|�kÍsÁ eÖsÁZ+ýË ÿ¿£ >±E~yîT�qT

n&�T¦>± �+ºÔû @+ ÈsÁT>·TÔáT+~?

4.6 >±E ~yîT�>·T+&� eç¿¡uó�eq+
>±E~yîT� nHû~ Âs+&�T d�eÖ+ÔásÁ Ôáý²\qT

¿£*ÐjáTT+&�, <�� |�]d�s�\ýË� jáÖq¿£+ qT+&�
yûsÁT#ûjáT�&�eÚq� ÿ¿£ bÍsÁ<�sÁô¿£ jáÖq¿£+.
>±E~yîT�qT ÿ¿£ ed�TïeÚ eTT+<�T �+ºq|�ð&�T
@sÁÎ&û ç|�Ü_+� d�Çuó²e+ eT]jáTT kÍ�q+ >·T]+º
�|�ð&�T Ôî\Td�TÅ£�+<�+. B� ¿=sÁÅ£� ÿ¿£ ¿£�Ô�«��
�sÁÇV¾²<�Ý+.

�<ûÝXø«+: >±E ~yîT� e\q eç¿¡uó�eq+ #î+<û
¿±+Ü eÖs�Z�� >·T]ï+#á&�+ eT]jáTT bÍsÁôÇ
$kÍ�|�H��� ¿£qT>=q&�+.

¿±e\d¾q ed�TïeÚ\T: ç&�sTT+>́uËsÁT¦, ç&�sTT+>́
#�sÁT¼, ¿±¢+|t\T, �dØ\T, �|�àýÙ, |�\T#á� >±E~yîT�
eT]jáTT >·T+&�Td�Ö<�T\T.

�sÁÇV�²D |�<�ÆÜ: ç&�sTT+>́uËsÁT¦�|Õ ç&�sTT+>́
#�sÁT¼qT �+º <��¿ì ¿±¢+|t\T �|³¼+&�. ç&�sTT+>́
#�sÁT¼ eT<ó�« uó²>·+ýË >±E~yîT�qT �+º, #�sÁT¼�|Õ
~yîT� n+#áTyî+�&� �|�àýÙÔÃ ^Ôá ^jáT+&�.
>±E~yîT�qT Ô=\Ð+#á+&�. >±E~yîT� n+#áTyî+�&�
^d¾q |�³+ BsÁé#áÔáTsÁçd�+ý² �+³T+~. <��
os�ü\Å£� A, B, C, D n� �|sÁT¢ �|³¼+&�.

BsÁé#áÔáTsÁçd�+ bõ&�eÚ\ýË ÿ¿£ <��¿ì (AB)

@<îÕú _+<�TeÚ e<�Ý ÿ¿£ \+�¹sK ^jáT+&�. Ü]Ð
>±E~yîT�qT jáT<¸�kÍ�q+ýË (BsÁé#áÔáTsÁçd�+ýË)
�+#á+&�. Âs+&�T >·T+&�Td�Ö<�T\qT MTsÁT ^d¾q
\+�+�|Õ �\TeÚ>± ÿ¹¿ mÔáTïýË >·T#áÌ+&�. eTsÃ
Âs+&�T >·T+&�Td�Ö<�T\qT rd�T¿=� >±E~yîT�Å£�
Âs+&�eyî Õ|� Ú qT+&� #áÖd�Öï yîTT<�{ì Âs+&�T
>·T+&�Td�Ö<�T\ÔÃ ÿ¹¿ d�sÁÞø¹sKýË �+&û$<ó�+>±
>·T#áÌ+&�. >±E~yîT�qT, >·T+&�Td�Ö<�T\qT rd¾yûd¾
>·T+&�Td�Ö<�T\ e\¢ @sÁÎ&�q >·TsÁTï\qT ¿£\T|�ÚÔáÖ
AB esÁÅ£� ^Ôá ^jáT+&�. ÿ¿£ bõ&�yîÕq d�sÁÞø¹sK
@sÁÎ&�³+ MTsÁT >·eT�+#áe#áTÌ.
· B�� �{ì¼ @+ Ôî\Td�Tï+~?

>±E~yîT� �|�]Ôá\+�|Õ \+�+>± |�ÔáqyîT®q
¿±+Ü ¿ìsÁD+ m³Te+{ì $#á\q+ bõ+<�Å£�+&�
>±E~yîT� Âs+&ÃyîÕ|�Ú qT+&� �jáT³Å£� ed�Tï+~.

ç|�jîÖ>·Xæ\ ¿£�Ôá«+ - 2
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Now take another piece of white chart

on the plank. Clamp it. Place a glass slab in

the middle of the paper. Again draw a border

line along the edges of the slab by using a

pencil. Remove the slab and name the

vertices of the rectangle formed as A,B,C

and D. Draw a perpendicular at a point on

the longer side AB. Now draw a line, from

the point of intersection where side AB of

rectangle and perpendicular meet, in such

a way that it  makes 300 angle with normal.

This line represents the incident ray falling

on the slab and the angle it makes with

normal represents the angle of incidence.

Now place the slab on the paper in such

way that it fits in the rectangle drawn. Fix two

identical pins on the line making 300 angle

with normal such that they stand vertically

with equal height.  By looking at  the two pins

from the other side of the slab, fix two pins

in such a way that all pins appear to be along a

straight line. Remove slab and take out pins.

Draw a straight line by joining the dots formed

by the pins up to the edge CD of the rectangle.

This line represents  emergent ray of the light.

Draw a perpendicular ON to the line

CD where our last line drawn meets the line

CD. Measure the angle between emergent

ray and normal. This is called angle of

emergence. (Check your drawing with the

fig.- 11).

· Is the line formed a straight line?

· Are the angles of incidence and

emergence equal?

· Are the incident and emergent rays

parallel?

You will notice an important result that

the incident and emergent rays are parallel.

· Can you find the distance between the

parallel rays?

The distance between the parallel rays

is called lateral shift. Measure this shift.

Repeat the experiment for different angles

of incidence and tabulate the values of angle

of incidence and shift corresponding to each

angle of incidence in table (4).

· Can you find any relation between the

angle of incidence and shift?

· Can you find the refractive index of the

slab?

Let us find the refractive index of the

glass slab.

fig-11

i

A B

CD

i

r
r

·  pins

Table 4

ShiftAgle of Inciddene
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�|�ð&�T eTs=¿£ ç&�sTT+>́ #�sÁT¼qT ¿±sÁT¦uËsÁT¦
wÓ{Ù�|Õ �+º n~ ¿£<�\Å£�+&� ¿±¢+|t\T �|³¼+&�.
�|Õq Ôî*|¾q $<ó�+>± >±E~yîT� n+#áTqT Ôî*�|
ABCD BsÁé#áÔáTsÁçkÍ��, AB¿ì \+u²�� ̂ jáT+&�.
� \+�+ÔÃ 300 ¿ÃD+ #ûd�Öï, \+�+ eT]jáTT
AB ¹sK\T ¿£*�d _+<�TeÚqT #û¹s$<ó�+>± eTs=¿£
¹sKqT ^jáT+&�. � ¹sK >±E~yîT� �|Õ |�&û
|�Ôáq¿ìsÁD²�� d�Öºd�Tï+~. \+�+ÔÃ � ¹sK
#û�d¿ÃD+ |�Ôáq¿ÃD+ neÚÔáT+~.

�|�ð&�T >±E~yîT�qT ABCD BsÁé#áÔáTsÁçd�+ýË
�+#á+&� |�Ôáq¿ìsÁD+�|Õ Âs+&�T >·T+&�T d�Ö<�T\qT
�\TeÚ>±, ÿ¹¿ mÔáTïýË >·T#áÌ+&�. (|�³+`11
#áÖ&�+&�). >±E~yîT� jîTT¿£Ø Âs+&ÃyîÕ|�Ú qT+&�
#áÖd�Öï yîTT<�{ì Âs+&�T >·T+&�Td�Ö<�T\ÔÃ d�sÁÞø¹sKýË
�+&û$<ó�+>± eTsÃ Âs+&�T >·T+&�Td�Ö<�T\qT ~yîT�Å£�
Âs+&ÃyîÕ|�Ú >·T#áÌ+&�. �|�ð&�T >±E~yîT�qT,
>·T+&�Td�Ö<�T\qT Ô=\Ð+#á+&�. >·T+&�Td�Ö<�T\T
>·T#áÌ&�+ e\¢ @sÁÎ&�q >·TsÁTï\qT ¿£\T|�ÚÔáÖ CD

esÁÅ£� ¹sKqT ^jáT+&�. � ¹sK �V¾²sÁZÔá ¿±+Ü
¿ìsÁD²�� (emergent ray of the light ) Ôî\T|�ÚÔáT+~.

MTsÁT ^d¾q �V¾²sÁZÔá ¿ìsÁD+ CD� Ô�¹¿
_+<�TeÚ e<�Ý, CD ¹sKÅ£� ÿ¿£ \+u²�� (ON)
^jáT+&�. � \+u²�¿ì �V¾²sÁZÔá ¿ìsÁD²�¿ì eT<ó�«
¿ÃD²�� ¿=\e+&�. � ¿ÃD²�� �V¾²sÁZÔá ¿ÃD+
(angle of emergence) n+{²+. (MTsÁT ^d¾q
ºçÔ��� |�³+`11 ÔÃ bþ*Ì#áÖd�T¿Ã+&�.)
· � ¿£�Ôá«+ýË bõ&�yîÕq d�sÁÞø¹sK @sÁÎ&�+<�?
· |�Ôáq¿ÃD+, �V¾²s Á ZÔ á¿ÃD+ d�eÖq+>±

�H��jáÖ?
· |�Ôáq ¿ìsÁD+, �V¾²sÁZÔá ¿ìsÁD+ d�eÖ+ÔásÁ+>±

�H��jáÖ?
|�Ôáq ¿ìsÁD+, �V¾²sÁZÔá ¿ìsÁD²\T d�eÖ+ÔásÁ+>±
�H��jáT� >·T]ï+#áe#áTÌ.

· � d�eÖ+ÔásÁ ¹sK\ eT<ó�«<�Ös��� MTsÁT
¿£qT>=q>·\s�?
� Âs+&�T d�eÖ+ÔásÁ ¹sK\ eT<ó�«<�Ös��� bÍsÁôÇ

$kÍ�|�q+ (lateral shift) n+{²+. � $kÍï|�H���
¿=\e+&�. � ç|�jîÖ>±�� $$<ó� |�Ôáq¿ÃD²\ÔÃ
#ûd¾ #áÖ&�+&�. ç|�r d�+<�sÁÒÛ+ýË |�Ôáq¿ÃD+, <��¿ì
d�+�+~ó+ºq $kÍ�|�q+ $\Te\qT |�{ì¼¿£̀ 4ýË
qyîÖ<�T #ûjáT+&�.

· |�Ôáq¿ÃD²�¿ì, $kÍ�|�H��¿ì eT<ó�« @<îÕH�
d�+�+<ó��� MTsÁT >·T]ï+#á>·\s�?

· >±E~yîT� jîTT¿£Ø eç¿¡uó�eq >·TD¿±�� MTsÁT
¿£qT>=q>·\s�?
>±E~yîT� eç¿¡uó�eq >·TD¿±�� ¿£qT>=+<�+.

i

A B

CD

i

r
r

· >·T+&�Td�Ö~

|�³+-11

|�{ì¼¿£ 4

    |�Ôáq ¿ÃD+ $kÍï|�q+
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B

Glass
slab

fig-12

Note : While doing this, keep your eye

fixed along the edge of the glass slab and

first pin is seen through the glass slab,

where as second pin is seen through air i.e.

outside of the glass slab.

Remove the slab and observe the

positions of the pins.

· Are they in the same line?

Draw a perpendicular line from the

second pin to the line on which first pin

is placed. Call the intersection point Q.

Find the distance between P and Q.

We may call it vertical shift.

· Is this shift independent of distance of

first pin from slab?

To find this, do the same activity for

another distance of the pin from the slab.

You will get the same vertical shift. We

could use a formula to find out refractive

index of the glass.

R.I  =  
Thickness of the slab

(thickness of slab  vertical shift)-

Activity 8

Let us take a glass slabe and measure

the thickness of it. Note it in your note-

book. Take a white chart and fix it on the

table. Take the slab and place it in the

middle of the chart. Draw its boundary.

Remove the slab from its place. The lines

form a rectangle. Name the vertices as

A,B,C and D. Draw a perpendicular to the

longer line AB of the rectangle at any point

on it. Place slab again in the rectangle

ABCD. Take a pin. Place at a point P in

such a way that its length is parallel to the

AB on the perpendicular line at a distance

of 15cm from the slab. Now take another

pin and by looking at the first pin from the

other side of the slab try to place the pin

so that it forms a straight line with the first

pin.
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¿£�Ôá«+  8

>±E~yîT� eT+<��� ¿=*º MT HÃ{Ù�T¿ùýË
s�d�T¿Ã+&�. >±E~yîT�qT ç&�sTT+>́ #�sÁT¼�|Õ, eT<ó�«
uó²>·+ýË �+#á+&�. ç|�jîÖ>·Xæ\ ¿£�Ôá«+`2ýË
#ûd ¾q³T ¢>±H û >±E~yî T�  n+#á T (ABCD

BsÁé#áÔáTsÁçd�+) ̂ jáT+&�. AB ¹sKÅ£� @<û� _+<�TeÚ
e<�Ý \+u²�� ^jáT+&�. >±E~yîT�qT ABCD

BsÁé#áÔáTsÁçd�+ýË �+#á+&�. ÿ¿£ >·T+&�Td�Ö~�
rd�T¿=�,  <��  bõ&�eÚ  AB ¿ì  d�eÖ+ÔásÁ+>±
�+&û$<ó�+>±, AB ¹sKÅ£� ̂ d¾q \+�+�|Õ >±E~yîT�
qT+&� 15 �d+.MT. <�ÖsÁ+ýË P _+<�TeÚ e<�Ý
�+#á+&�. � >·T+&�Td�Ö~� >±E~yîT� jîTT¿£Ø
Âs+&ÃyîÕ|�Ú qT+&� #áÖd�Öï eTs=¿£ >·T+&�Td�Ö~�
yîTT<�{ì<��ÔÃ ÿ¹¿ d�sÁÞø ¹sKýË �+&û³³T¢
neTsÁÌ+&�.

>·eT�¿£ : � ¿£�Ô�«�� �sÁÇV¾²+#û³|�ð&�T >±E~yîT�
n+#áTyî+�&� ¿=+Ôá <�ÖsÁ+ýË MT ¿£+{ì� d¾�sÁ+>±
�+º yîTT<�{ì >·T+&�Td�Ö~� >±E~yîT�>·T+&�,
Âs+&�e >·T+&�Td�Ö~� >±*>·T+&� nq>± >±E~yîT�
�jáT{ìqT+&� #áÖ&�*.
>±E~yîT�qT Ô=\Ð+º >·T+&�Td�Ö<�T\ kÍ�H�\qT
|�]o*+#á+&�.
·  n$ Âs+&�Ö ÿ¹¿ d�sÁÞø¹sKýË �H��jáÖ?

Âs+&�e >·T+&�Td�Ö~ ¿=q qT+&� yîTT<�{ì d�Ö~
�+ºq ¹sK�|Õ¿ì ÿ¿£ \+u²�� ̂ jáT+&�. y�{ì K+&�q
_+<�TeÚqT Q>± >·T]ï+#á+&�. P, Q\ eT<ó�« <�ÖsÁ+
¿=\e+&�. B�� �\TeÚ $kÍ�|�q+ (vertical shift)

n+{²+.
· �\TeÚ $kÍ�|�q+ nHû~ yîTT<�{ì >·T+&�Td�Ö~�

�+ºq <�ÖsÁ+�|Õ �<ó�sÁ|�&� �+³T+<�?
n~ Ôî\Td�T¿Ãe&��¿ì >±E~yîT� qT+&�

>·T+&�Td�Ö~ <�Ös��� eÖ]Ì � ç|�jîÖ>±�� eTsÁý²
#ûjáT+&�. �\TeÚ $kÍ�|�q+ eÖsÁ<�� MTsÁT
>·T]ïkÍïsÁT. >±E eç¿¡uó�eq >·TD¿±�� ¿£qT>=q&��¿ì
¿ì+~ d�ÖçÔ��� �|�jîÖÐ+#áe#áTÌ.

eç¿¡uó�eq >·TD¿£+ R

>±E~yîT� eT+<�+
>±E~yîT� eT+<�+ ` �\TeÚ $kÍ�|�q+

|�³+`12

>±E ~yîT�
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Key words

· When light travels from one medium to another, its direction changes at the interface. The

phenomenon of changing direction at the interface of the two media is known as refraction.

· Absolute refractive index = Speed of light in vacuum/ Speed of light in medium _ n=c/v.

· Relative refractive index , n
21

 = 
1 2

2 1

v n

v n
= .

· Snell’s law is given by, n
1
 sin i = n

2
 sin r .

· The angle of incidence, at which the light ray travelling from denser to rarer medium grazes the

interface, is called the critical angle for those media. sin C = 
2

1

n

n , 
where n

1 
 is the refractive index of

denser medium and 
 
n

2 
 is the refractive index of rarer medium. (n

1
>n

2
)

· When the angle of incidence is greater than the critical angle, the light ray is reflected into denser

medium at interface. This phenomenon is called total internal reflection.

I. Reflections on concepts

1. The speed of the light in a diamond is 1, 24, 000 km/s. Find the refractive

index of diamond if the speed of light in air is 3,00,000 km/s.  (AS
1
)

(Ans: 2.42)

2. Refractive index of glass relative to water is 9/8. What is the refractive index

of water relative to glass? (AS
1
) (Ans: 8/9)

3. The absolute refractive index of water is 4/3. What is the critical angle? (AS
1
)  (Ans: sin C = ¾)

4. Determine the refractive index of benzene if the critical angle of benzene with respect to air is

420.(AS
1
)       (Ans: 1.51)

5. Explain the formation of mirage? (AS
1
)

6. Explain the refraction of light through a glass slab with a neat ray diagram. (AS
5
)

7. Why do stars appear twinkling? (AS
7
)

Refraction, Incident ray, Refracted ray, Angle of incidence, Angle of

Refraction,  Absolute refractive index, Relative refractive index, Snell’s law,

Critical angle, Total internal Reflection, Mirage, Shift, Optical fibre.

What we have learnt

Improve your learning
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¿¡\¿£ |�<�\T

· ¿±+Ü ÿ¿£ jáÖq¿£+ qT+&� eTs=¿£ jáÖq¿£+ýË¿ì ç|�jáÖDì+#û³|�ð&�T ¿±+Ü ç|�jáÖD~Xø eÖsÁTÔáT+~.
Âs+&�T jáÖq¿±\qT yûsÁT#û�d Ôá\+ e<�Ý yû>·+ eÖsÁ&�+ e\¢ ¿±+Ü ~Xø eÖ¹s <��ÐÇw�jáÖ�� ¿±+Ü
eç¿¡uó�eq+ n+{²+.

· |�sÁeT eç¿¡uó�eq >·TD¿£+ R XøSq«+ýË ¿±+Ü yû>·+/ jáÖq¿£+ýË ¿±+Ü yû>·+ Þ  n = c/v

· kÍ�|¿£� eç¿¡uó�eq >·TD¿£+ n
21

 = 
1 2

2 1

v n

v n
=

· n
1
sin i = n

2
 sin r qT �d�ýÙ �jáTeT+ n+{²+.

· kÍ+ç<�ÔásÁ jáÖq¿£+ qT+&� $sÁÞø jáÖq¿£+ýË¿ì ç|�jáÖDì+#û ¿±+Ü ¿ìsÁD+ @ |�Ôáq ¿ÃD+ e<�Ý, jáÖq¿±\qT
$uó��+#û Ôáý²�¿ì d�eÖ+ÔásÁ+>± ç|�jáÖDìd�Tï+<Ã � |�Ôáq¿ÃD²�� � Ôáý²�¿ì d�+�+~ó+ºq d�+~>·Æ ¿ÃD+
n+{²+. kÍ+ç<�ÔásÁ jáÖq¿£+ jîTT¿£Ø eç¿¡uó�eq >·TD¿£+ n

1
, $sÁÞøjáÖq¿£+ jîTT¿£Ø eç¿¡uó�eq >·TD¿£+ n

2

(n
1 
> n

2
)nsTTÔû Sin C = n

2
/n

1

· d�+~>·Æ¿ÃD+ ¿£+fñ |�Ôáq¿ÃD+ mÅ£�ØyîÕq|�ð&�T jáÖq¿±\qT yûsÁT#û�d Ôá\+ e<�Ý ¿±+Ü ¿ìsÁD+ Ü]Ð kÍ+ç<�ÔásÁ
jáÖq¿£+ýË¿ì |�s�esÁïq+ #î+<�TÔáT+~. � <��ÐÇw�jáÖ�� d�+|�Ps��+ÔásÁ |�s�esÁïq+ n+{²+.

I. uó²eq\�|Õ ç|�Üd�Î+<�q\T:
1. XøSq«+ýË ¿±+Üyû>·+ 3,00,000 ¿ì.MT/ �d, eçÈ+ýË ¿±+Ü

yû>·+ 1,24,000 ¿ì.MT/ �d nsTTq, eçÈ+ eç¿¡uó�eq >·TD¿±��
¿£qT>=q+&�. (AS1) (Èy��T: 2.42)

2. ú{ì|�sÁ+>± >±E eç¿¡uó�eq >·TD¿£+ 9/8. >±E|�sÁ+>± ú{ì eç¿¡uó�eq >·TD¿£+ m+Ôá?(AS1) (Èy��T:8/9)
3. ú{ì |�sÁeT eç¿¡uó�eq >·TD¿£+ 4/3. nsTTq ú{ì d�+~>·Æ¿ÃD+ m+Ôá? (AS1) (Èy��T: sin C = ¾)
4. >±*, uÉ+JH� jîTT¿£Ø d�+~>·Æ¿ÃD+ 420. nsTTq uÉ+JH� eç¿¡uó�eq >·TD¿£+ ¿£qT>=q+&�. (AS1) (Èy��T: 1.51)
5. m+&�eÖeÚ\T @sÁÎ&û $<ó�H��� $e]+#á+&�. (AS1)

6. >±E~yîT�ýË ¿±+Ü eç¿¡uó�eq+ #î+<û $<ó�H��� |�³+ ^d¾ $e]+#á+&�. (AS5)

7. q¿£�çÔ�\T m+<�TÅ£� $TDTÅ£�$TDTÅ£�eT+{²sTT? (AS7)

eç¿¡uó�eq+, |�Ôáq¿ìsÁD+, eç¿¡uó�eq¿ìsÁD+, |�Ôáq¿ÃD+, eç¿¡uó�eq¿ÃD+, |�sÁeT eç¿¡uó�eq
>·TD¿£+, kÍ�|¿£� eç¿¡uó�eq >·TD¿£+, �d�ýÙ �jáTeT+, d�+~>·Æ ¿ÃD+, d�+|�Ps��+ÔásÁ |�s�esÁïq+,

m+&�eÖeÚ\T, $kÍ�|�q+, �|¾¼¿£ýÙ �|�Õ�sY

eTqyûT+ HûsÁTÌÅ£�H��+?

nuó�«d�H��� yîTsÁT>·T |�sÁT#áTÅ£�+<�+
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II. Application of concepts

1. A light ray is incident on air-liquid interface at 450and is refracted at 300. What is the refractive

index of the liquid?   (AS
7
) (Ans: 1.414)

2. In what cases does a light ray not deviate at the interface of two media?(AS
7
)

3. Place an object on the table. Look at the object through the transparent glass slab. You will

observe that it will appear closer to you. Draw a ray diagram to show the passage of light ray in

this situation. (AS
5
)

4. Why does a diamond shine more than a glass piece cut to the same shape? (AS
7
)

III. Higher Order Thinking Questions

1. Why is it difficult to shoot a fish swimming in water? (AS
1
)

2. Explain why a test tube immersed at a certain angle in a tumbler of water appears to have a

mirror surface for a certain viewing position? (AS
7
)

3. When we sit at a camp fire, objects beyond the fire are seen swaying. Give the reason for it.

(AS
7
)

.

1. Which of the following is Snell’s law. [ ]

a) n
1
 sin i = sin r/ n

2
b) n

1
/n

2
 = sin r / sin i

c) n
2 
/ n

1
 = sin r / sin i d) n

2
 sin i = constant

2. The refractive index of glass with respect to air is 2. Then the critical angle of glass-air interface

is .................. [ ]

a) 0o b) 45o c) 30o d) 60o

3. Total internal reflection takes place when the light ray travels from............... [ ]

a) rarer to denser medium

b) rarer to rarer medium

c) denser to rarer medium

d) denser to denser medium

Multiple choice questions
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II. uó²eq\ nqTesÁïH�\T

1. >±* ̀  ÿ¿£ ç<�e+ yûsÁT #ûjáT�&û Ôá\+ e<�Ý ¿±+Ü ¿ìsÁD+ 450 ¿ÃD+ÔÃ |�ÔáqyîT® 300 ¿ÃD+ÔÃ eç¿¡uó�eq+
bõ+~+~. � ç<�e+ eç¿¡uó�eq>·TD¿£+ m+Ôá? (AS7) (Èy��T: 1.414)

2. @ d�+<�s�ÒÛýË¢ ¿±+Ü ¿ìsÁD+ jáÖq¿±\qT yûsÁT#û�d Ôá\+ e<�Ý $#á\q+ bõ+<�<�T? (AS7)

3. fñ�TýÙ�|Õ ÿ¿£ ed�TïeÚqT �+#á+&�. <��� ÿ¿£ >±E~yîT�>·T+&� #áÖ�dï � ed�TïeÚ MTÅ£� #ûsÁTe>± ¿£�|¾d�Tï+~.
� d�+<�sÁÒÛ+ýË ¿±+Ü¿ìsÁD ç|�jáÖD²�� $e]+#û ¿ìsÁD ºçÔ��� ̂ jáT+&�. (AS5)

4. ÿ¹¿ �¿±sÁ+ýË ÔájáÖsÁT#ûjáT�&�q >±EeTT¿£Ø, eçC²\ýË eçÈ+ mÅ£�Øe>± yîTsÁTd�Tï+~. m+<�TÅ£�? (AS7)

III.  �ýË#áH�Ôá�¿£ ç|�Xø�\T

1. ú{ìýË �<û #û|�qT ÔáTbÍ¿ìÔÃ ¿±\Ì&�+ ¿£w�¼+. m+<�TÅ£�? (AS1)

2. ÿ¿£ bÍçÔáýË� ú{ìýË �]Ýw�¼ ¿ÃD+ÔÃ eTT+#á�&�q |�̄ ¿£�H�[¿£qT (|�̄ ¿£�H�[¿£ýË¿ì úsÁT #ûsÁs�<�T) ÿ¿£ ç|�Ôû«¿£
kÍ�q+ qT+&� #áÖd¾q|�ð&�T, |�̄ ¿£�H�[¿£ >Ã&� n<�Ý+ eýÉ ¿£�|¾d�Tï+~. B�¿ì ¿±sÁDyûT$T{Ë $e]+#á>·\s�?
(AS3)

3. eTq+ #á*eT+³ ¿±#áTÅ£�+³Tq�|�ð&�T eT+³ yîqT¿£ uó²>±q �q� ed�TïeÚ\T d�Ç\Î+>± }>·TÔáTq�³T¢>± ¿£�|¾kÍïsTT.
¿±sÁD+ @$T{ì? (AS7)

1. ¿ì+~ y�{ìýË �d�ýÙ �jáTeT+ [ ]

a) n
1
 sin i = sin r / n

2
b) n

1
/n

2
 = sin r / sin i

c) n
2
/n

1
 = sin r / sin i d) n

2
 sin i = d¾�s�+¿£+

2. >±* |�sÁ+>± >±E eç¿¡uó�eq >·TD¿£+ 2. >±E`>±* ¿£*�d Ôá\+ jîTT¿£Ø d�+~>·Ý¿ÃD+ [  ]

a) 00
b) 450

c) 300
d) 600

3. d�+|�Ps��+ÔásÁ |�s�esÁïq+ ÈsÁ>±\+fñ ¿±+Ü [  ]

a) $sÁÞø jáÖq¿£+ qT+&� kÍ+ç<�ÔásÁ jáÖq¿£+ ýË¿ì ç|�jáÖDì+#�*.

b) $sÁÞø jáÖq¿£+ qT+&� $sÁÞø jáÖq¿£+ ýË¿ì ç|�jáÖDì+#�*.

c) kÍ+ç<�ÔásÁ jáÖq¿£+ qT+&� $sÁÞø jáÖq¿£+ ýË¿ì ç|�jáÖDì+#�*.

d) kÍ+ç<�ÔásÁ jáÖq¿£+ qT+&� kÍ+ç<�ÔásÁ jáÖq¿£+ ýË¿ì ç|�jáÖDì+#�*.

�V�QÞèÕºÌÛ¿£ ç|�Xø�\T
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Suggested Experiments

4. If the angle of incidence is equal to critical angle, then the angle of refraction is [ ]

a) 0o b) 20o c) 90o d) 180o

5. Mirage is a best example for the phenomenon of [ ]

a) Reflection b) Refraction c) Total internal reflection d) Shift

6. Refractive indices of Ice, Benzene, Ruby and Kerosene are 1.31, 1.50, 1.71 and 1.44

respectively.  In which of the above media, light travels showly ? [ ]

a)  Ice b) Benzene c) Ruby d) Kerosene

7. The relative refractive index of water with respect to air is 
4

3
.  Then relative

 refractive index  of air with respect to water is [ ]

a) 4 b) 3 c) 
4

3
d) 

3

4

8. In an experiment to trace the path of ray through a glass slab, Shiva traced as [        ]

shown in the figure. The teacher asked him to idenfity the emerging  ray.

Which of the following would Shiva indentify.

a) AB b) BC

c) CD d)  N
2

1. Verify experimentally that  sin i

sin r
  is a constant.

2. Organise some activities to understand the phenomenon of total internal reflection

3. Conduct an experiment to find the relation between angle of incidence and angle of refraction,

when light rays travel from denser to rarer medium.

4. Take a bright metal ball and make it black with soot in a candle flame. Immerse it in water. How

does it appear and why? (Make hypothesis and do the above experiment).

5. Take a glass vessel and pour some glycerine into it and then pour water up to the brim. Take a

quartz glass rod. Keep it in the vessel. Observe the glass rod from the sides of the glass vessel.

· What changes do you notice?

· What could be the reasons for these changes?

A

B

C

D

P Q

RS

N
1

N
2
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4. |�Ôáq ¿ÃD+ $\Te d�+~>·Æ ¿ÃD²�¿ì d�eÖqyîT®q eç¿¡uó�eq ¿ÃD+ $\Te [  ]

a) 00
b) 200

c) 900
d)  1800

5. m+&�eÖeÚ\T @sÁÎ&�&�+ nHû~ ¿ì+~ y�{ìýË @ <��ÐÇw�jáÖ�¿ì  ÿ¿£ #á¿£Ø� �<�V�²sÁD [ ]

a) |�s�esÁïq+ b) eç¿¡uó�eq+ c) d�+|�Ps��+ÔásÁ |�s�esÁïq+d) $kÍ�|�q+

6. eT+#áT, uÉ+JH�, sÁÖ; eT]jáTT ¿ìsÃd¾H�\ eç¿¡uó�eq >·TD¿±\T esÁd�>± 1.31, 1.50, 1.71

Ê 1.44 nsTTq @ jáÖq¿£+ýË ¿±+Ü ÔáÅ£�Øe yû>·+ÔÃ ç|�jáÖDìd�Tï+~ ? [  ]

a) eT+#áT b) uÉ+JH� c) sÁÖ; d)  ¿ìsÃd¾H�

7. >±* |�sÁ+>± ú{ì jîTT¿£Ø kÍ�|¿£� eç¿¡uó�eq >·TD¿£+ 
4

3
 nsTTq ú{ì |�sÁ+>± >±* jîTT¿£Ø kÍ�|¿£�

eç¿¡uó�eq >·TD¿£+ m+Ôá? [  ]

a) 4 b) 3 c) 
4

3
d) 

3

4

8. >±E ~yîT� >·T+&� ¿±+Ü eç¿¡uó�eH��� |�]o*+ºq ç|�jîÖ>·+ýË »¥eµ |�¿£Ø|�³+ýË #áÖ|¾q³T¢ [  ]

¿±+Ü ¿ìsÁD eÖs�Z�� ^Xæ&�T.  n+<�TýË �V¾²s�Z$T ¿ìsÁD²�� >·T]ï+#áeT�
y�] �bÍ<ó�«jáTTs�\T n&�>±sÁT. ¿ì+~ y�{ìýË <û�� �V¾²s�Z$T ¿ìsÁD+>±
¥e >·T]ï+#�*?
a) AB b) BC

c) CD d) N
2

ç|�jîÖ>±\T

1. sin i

sin r
 $\Te d¾�sÁeT� ç|�jîÖ>·|�PsÁÇ¿£+>± sÁTEeÚ #ûjáT+&�.

2. d�+|�Ps��+ÔásÁ |�s�esÁïH��� @<û� ¿£�Ôá«+ÔÃ $e]+#á+&�.

3. kÍ+ç<�ÔásÁ jáÖq¿£+ qT+&� $sÁÞø jáÖq¿£+ýË¿ì ¿±+Ü ç|�jáÖDì+ºq|�ð&�T, |�Ôáq¿ÃD+ ¿£H�� eç¿¡uó�eq
¿ÃD+ $\Te mÅ£�Øe� ç|�jîÖ>·|�PsÁÇ¿£+>± sÁTEeÚ #ûjáT+&�.

4. ç|�¿±Xøe+ÔáyîT®q ÿ¿£ ýËV�²|�Ú >ÃÞ²�� rd�T¿=�, ¿=y=ÇÜï qT+&� e#ûÌ eTd¾ÔÃ >ÃÞ²�� q\¢>± #ûjáT+&�. �
>ÃÞ²�� ú{ìýË eTT+#á+&�. � >ÃÞø+ mý² ¿£�|¾d�Tï+~. m+<�TÅ£�? (}V¾²+#á+&�. ç|�jîÖ>·+ #ûd¾ #áÖ&�+&�.)

5. ÿ¿£ >±E bÍçÔáýË d�>·+ esÁÅ£� Ð¢È]H� bþjáT+&�. ÔásÁy�Ôá <�� �+&�T>± úsÁT �+|�+&�. � bÍçÔáýË
¿±ÇsY¼

È
>±E¿£&�¦� �+#á+&�. bÍçÔá ç|�¿£Øuó²>·+ qT+&� >±E¿£&�¦� |�]o*+#á+&�.

MTsÁT @+ eÖsÁTÎ\T >·eT�+#�sÁT?

� eÖsÁTÎ\Å£� ¿±sÁD²ýñyîT®�+{²sTT?

A

B

C

D

P Q

RS

N
1

N
2
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Suggested Projects

6. Conduct  the activity-7 again. How can you find critical angle of water? Explain your steps briefly.

7. Find the critical angle of glass and water with respect to air using activity - 5.

1. Collect the refractive indices of the following media.  Compare them with those are given in table

1.  Findout the pairs of media in which light travels almost with same speed.

Coconut oil,  Cooking oil, Hydrogen gas, petrol, diesel, Glycerine, Vinegar, Hydrochloric acid,

Transparent plastic.

2. Collect information on working of optical fibres.

3. Prepare a report about various uses of optical fibres in our daily life.

4. Take a thin thermocol sheet. Cut it in circular discs of different

radii like 2cm, 3cm, 4cm, 4.5cm, 5cm etc and mark centers

with sketch pen. Now take needles of length nearly 6cm. Pin

a needle to each disc at its centre vertically. Take water in a

large opaque tray and place the disc with 2cm radius in such a

way that the needle is inside the water as shown in fig-P4.

Now try to view the free end (head) of the needle from surface of the water.

· Are you able to see the head of the needle?

Now do the same with other discs of different radii. Try to see the head of the needle, each

time.

Note: the position of your eye and the position of the disc on water surface should not be changed

while repeating the activity with other discs.

· At what maximum radius of disc, were you not able to see the free end of the needle?

· Why were you not able to view the head of the nail for certain radii of the discs?

· Does this activity help you to find the critical angle of the medium (water)?

· Draw a diagram to show the passage of light ray from the head of the nail in different situations.

fig-P4

S
C
E
R
T, T

E
LA

N
G
A
N
A



d�eTÔá\ �|�]Ôáý²\ e<�Ý ¿±+Ü eç¿¡uó�eq+ 132$<�«sÁT�\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

|�³+`P4

6. ¿£�Ôá«+`7qT eTsÁý² #ûjáT+&�. ú{ì d�+~>·Æ ¿ÃD²�� ¿£qT>=q+&�.

7. >±*ýË >±EqT eT]jáTT ú{ì� �+ºq|�ð&�T ¿£�Ôá«+`5 �<ó�sÁ+>± y�� d�+~>·Æ ¿ÃD²\qT ýÉ¿ìØ+#á+&�.

çbÍCÉÅ£�¼\T

1. ¿ì+~ jáÖq¿±\ eç¿¡uó�eq >·TD¿±\ $\Te\qT �d¿£]+#á+&�.  bÍsÄ�«+Xø+ýË �ºÌq |�{ì¼¿£ ̀ 1ýË� |�<�s��\ÔÃ
bþ*Ì @@ jáÖq¿±\ýË ¿±+Ü <�<�|�Ú d�eÖq yû>±\ÔÃ ç|�jáÖDìd�Tï+<Ã #á]Ì+#á+&�.

¿=�Ò]qÖHî, e+³qÖHî, �VÕ²ç&ÃÈH� y�jáTTeÚ, �|ç{ËýÙ, &��ýÙ, Ð¢È]H�, yî�>·sY, �VÕ²ç&Ã¿Ã¢]¿ù �eT¢+, bÍsÁ<�sÁô¿£
bÍ¢d¾¼¿ù.

2. �|¾¼¿£ýÙ �|�Õ�sYà |��#û�d $<ó�H��� $e]+#û d�eÖ#�s��� �d¿£]+#á+&�.

3. eTq �Ôá«J$Ôá+ýË �|¾¼¿£ýÙ �|�Õ�sYà �|�jîÖ>±\ >·T]+º ÿ¿£ �yû~¿£ ÔájáÖsÁT#ûjáT+&�.

4. <̧�sÃ�¿ÃýÙ wÓ{ÙÔÃ 2 �d+.MT, 3 �d+.MT, 4 �d+.MT, 4.5 �d+.MT, 5
�d+.MT yîTT<�\>·T y�«kÍs�Æ\T ¿£*Ðq e�Ô�ï¿±sÁ eTT¿£Ø\qT ÔájáÖsÁT
#ûjáT+&�. ç|�Ü<��¿ì ¹¿+ç<��� >·T]ï+#á+&�. n�� e�Ô�ï\Å£� ¹¿+ç<�+ e<�Ý
6 �d+.MT. bõ&�eÚ >·\ d�Ö~� >·T#áÌ+&�. ÿ¿£ yî&�ý²Î+{ì nbÍsÁ<�sÁô¿£
bÍçÔáýË ú{ì� rd�T¿=�, 2 �d+.MT y�«kÍsÁÆ+ >·\ <̧�s��¿ÃýÙ eTT¿£ØqT
|�³+`P4 ýË #áÖ|¾q$<ó�+>± d�Ö~ ú{ìýË �+&û³³T¢>± neTsÁÌ+&�.
� d�Ö~ Âs+&�e ºesÁqT bÍçÔá �|ÕqT+&û #áÖ&�&��¿ì ç|�jáTÜ�+#á+&�.

d�Ö~ ¿=qqT MTsÁT #áÖ&�>·*>±s�? m+<�TÅ£�?

yû¹sÇsÁT y�«kÍs�Æ\qT ¿£*Ðq $T>·Ô� <�̧s��¿ÃýÙ e�Ô�ï\ÔÃ � ç|�jîÖ>±�� eT°ß #ûjáT+&�. d�Ö~ ¿=quó²>±��
#áÖ&�&��¿ì ç|�jáTÜ�+#á+&�.

>·eT�¿£: ç|�Ü d�+<�sÁÒÛ+ýËqÖ <ó�s��¿ÃýÙ e�Ôáï+ jîTT¿£Ø kÍ�q+, MT ¿£+{ì kÍ�q+ eÖsÁÅ£�+&� C²ç>·Ôá eV¾²+#á+&�.

@jûT y�«kÍs�Æ\T ¿£*Ðq e�Ô�ï\Å£� �+ºq d�Ö<�T\ ¿=q\qT MTsÁT #áÖ&�ýñ¿£bþjáÖsÁT?

y�{ìýË ÔáÅ£�Øe y�«kÍsÁÆ+ $\Te m+Ôá?

¿=�� d�Ö<�T\ ¿=q\qT MTsÁT #áÖ&�ýñ¿£bþe&��¿ì ¿±sÁDyûT$T{ì?

jáÖq¿£+ jîTT¿£Ø d�+~>·Æ ¿ÃD²�� ¿£qT>=q&��¿ì MTÅ£� � ¿£�Ôá«+ d�V�äjáT|�&�+<�?

$$<ó� d�+<�s�ÒÛ\ýË d�Ö~ ¿=q qT+&� ¿±+Ü ç|�jáÖD²�� Ôî*�| ºçÔ�\qT ̂ jáT+&�.
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Chapter

5 GRAVITATION

We have learnt about uniformly

accelerated motion in the chapter 'motion'.

In this chapter let us study about uniform

uniform circular motion which is an

example of  accelerated motion.

We always observe that an object

dropped from certain height falls towards

the earth. We know that all planets move

around the sun. We also know that the

moon moves around the earth. In all these

cases there must be some force acting on

these objects to make them move around

another object,  instead of moving in a

straight line.

• What is that force?

• Is the motion of the earth around the

sun uniform motion?

• Is the motion of the moon around

the earth uniform motion?

Newton explained the motion of

moon by using the concept of uniform

circular motion and then he developed

the idea of gravitation between any two

masses in the universe.

In this chapter you will learn about

gravitation and centre of gravity.

5.1 Uniform circular motion

Activity-1

Observing the motion of an object

moving in a circular path

Take an electric motor (which is used in

toys) and fix a disc to the shaft of the

electric motor. Stick a small wooden block

on the disc at the edge as shown in fig.-1

(a). Switch on the motor. Find the time

required to complete ten revolutions by the

block and repeat the same two to three

times. Begin counting  revolutions a few

seconds after starting the motor.

• Is the time of revolution constant?

• Is the speed of the block constant?

• What is the shape of its path?

Fig-1: (a) motion of wooden block on a

circular plate (b) top view of wooden block

(a)                (b)

Wooden

Block

Electric Motor

Circular

Steel Plate

Battery
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n<ó�«jáT+

5 >·TsÁTÔ�Ç¿£sÁüD

d�eTÔáÇsÁD #á\q+ >·T]+º »»#á\q+µµ nHû
n<ó�«jáT+ýË HûsÁTÌÅ£�H��+. � n<ó�«jáT+ýË
d�eTe�Ô�ï¿±sÁ #á\H��� |�]#ájáT+ #ûjáT&�+
È]Ð+~. � #á\q+ d�eTÔáÇsÁD#á\H��¿ì ( Uniform

accelerated motion) ¿ì �<�V�²sÁD>± #î|�Îe#áTÌqT.
eTq+ nHû¿£ d�+<�s�ÒÛ\ýË ¿=+Ôá mÔáTï qT+&�

C²sÁ$&�ºq ed�TïeÚ\T uó�Ö$TyîÕ|�Ú #á*+#á&��� #áÖd¾
�+{²+. n<û$<ó�+>± ç>·V�ä\�� d�ÖsÁT«&�T #áT³Ö¼
|�]çuó�$Td�TïH��jáT�, uó�Ö$T #áT³Ö¼ #á+ç<�T&�T
|�]çuó�$Td�TïH��&�Hû  $w�jáT+ Å£L&� eTqÅ£� Ôî\Td�T
¿£<�! � n�� d�+<�s�ÒÛ\ýË ed�TïeÚ\T d�sÁÞø¹sU²
eÖsÁZ+ýË ¿±¿£ e�Ô�ï¿±sÁ eÖsÁZ+ýË #á*+#á&��¿ì
¿±sÁDyîT®q @<Ã �\+ y�{ì�|Õ |��#ûd�Öï �+&�*.

� �\+ @yîT® �+³T+~?
d�ÖsÁT«&� #áT³Ö¼ uó�Ö$T #á\q+ d�eT#á\qyûTH�?
mý²?
uó�Ö$T #áT³Ö¼ #á+ç<�T&� #á\q+ d�eT#á\qyûTH�?
mý²?

qÖ«³H� uó�Ö$T #áT³Ö¼ #á+ç<�T� >·eTH���
d�eTe�Ô�ï¿±sÁ #á\q+ nHû uó²eqqT �|�jîÖÐ+º
$e]+#á>·*>±&�T. Ôás�ÇÔá $XøÇ+ýË� @ Âs+&�T
ç<�e«s�Xø�\ eT<ó�«Hî ÕH� >·TsÁTÔ�Ç¿£sÁüD �\+
(gravitational force) �+³T+~ nHû uó²eqqT
n_óe�~Æ #ûXæ&�T.

� n<ó�«jáT+ýË MTsÁT >·TsÁTÔ�Ç¿£sÁüD �\+
eT]jáTT >·TsÁTÔáÇ¹¿+ç<�+qT >·Ö]Ì HûsÁTÌÅ£�+{²sÁT.

5.1 d�eTe�Ô�ï¿±sÁ #á\q+

¿£�Ôá«+ ` 1

e�Ô�ï¿±sÁ #á\q+ýË�q� ed�TïeÚqT >·eT�+#áT³
�³ u¤eT�\ýË �+&û ÿ¿£ $<�T«ÔY yîÖ{²sÁT jîTT¿£Ø

¿£&�¦¿ì (Shaft) ÿ¿£ e�Ô�ï¿±sÁ �|¢³TqT _Ð+#á+&�.
|�³+:1ýË #áÖ|¾q $<ó�+>± �|¢³T n+#áTe<�Ý ºq�
#î¿£Ø~eT�qT nÜ¿ì+#á+&�. yîÖ{²sÁT d¾Ç#Y �H�
#ûjáT+&�. ¿=+Ôá�d|�Ú Ôás�ÇÔá #î¿£Ø~eT� (wooden

block) |�~ çuó�eTD²\T #ûjáT&��¿ì |�fñ¼ ¿±ý²��
ýÉ¿ìØ+#á+&�. �ý² Âs+&�T ýñ<� eTÖ&�T kÍsÁT¢ #ûjáT+&�.

|�³+`1: (m)  dÓ¼ýÙ �|¢{Ù �|Õ #î¿£Ø ~eT� #á\q+
(_) #î¿£Ø~eT� #á\H��� �|Õ qT+&� >·eT�+#á&�+

#î¿£Ø~eT� çuó�eTD¿±\+ d¾�sÁ+>± �+<�?

#î¿£Ø~eT� e&� d¾�sÁeÖ, ¿±<�?

#î¿£Ø~eT� @ eÖsÁZ+ýË #á*d�Tï+~?

e�Ô�ï¿±sÁ
dÓ¼ýÙ �|¢{Ù

#î¿£Ø~eT�

$<�T«ÔY yîÖ{²sÁT

u²«³] (m)   (_)
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The wooden block moves in a circular

path with a constant speed. So this motion

of the wooden block, is uniform circular

motion.

"Uniform circular motion is motion

of the body with a constant speed in a

circular path"

• Does the velocity of the body change

in uniform circular motion? Why?

• Does the body in uniform circular

motion have an acceleration? What is

the direction of acceleration?

Activity-2

Take a piece of thread and tie a small

stone at one end. Hold the other end of the

thread and rotate it round as shown in the

Fig-2.

• What is the direction of motion of the

stone?

Now release the thread and observe the

diredction of motion of the stone.

• What is the direction of motion of the

stone?

Before the thread is released the stone

moves in a circular path, with a certain

speed.

When the thread is released, the stone

moves in linear motion.

This shows that the original direction

of velocity of stone is linear and while in

circular motion, the direction of velocity

and acceleration always changes thus the

stone remains in circular motion. It is clear

that the change in direction of velocity

makes an object to move in circular motion.

This change is caused by an external force.

• Where from the stone gets this force?

• What will be the direction of that

force?

The force that causes this change in

velocity keeps the stone moving along the

circular path is acting towards the centre.

This force is called centripetal force.

In the absence of this force (when the

thread is released) the stone flies off along

a straight line. This line is a tangent to the

circular path.

The centripetal acceleration is given

by the formula, a
c
 = 

2v

r

Hence the centripetal force-

F
c
 = 

2mv

r
 (QF

c
=ma

c 
)

Where m = mass of the object

v = Velocity of the object

r = Radius of the circular path.

Note : Centripetal force is a net force.

It always directed to the centre.

Fig-2

Tangent to a Circle

The straight line which meets the circle

at one and only one point is called the

tanget to the circle at that point. The

point is called tangential point. The

tangent is prependicular to the radius of

the circle at that point.

Fig-3

AC Tangent
«

OB  Radius
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s�sTT e�Ô�ï¿±sÁ eÖsÁZ+ýË #á*d�Tïq�|�ð&�T <��
yû>· ~Xø ¹sFjáTeTT. ¿±eÚq s�sTT jîTT¿£Ø yû>·+
eT]jáTT Ô áÇs ÁDeTT m\¢| �ð&�Ö eÖsÁTÔ áÖ
�+&�³+e\¢ � s�sTT e�Ô�ï¿±sÁ eÖsÁZ+ýËHû
#á*d�Tï+<�� Ôî\Td�Tï+~. ¿±eÚq yû>·~XøýË eÖsÁTÎ
ÿ¿£ ed�TïeÚ� e�Ô�ï¿±sÁeÖsÁZ+ýË #á*+|�#ûd�Tï+<��
d�Îw�¼eTeÚÔáT+~. � $<ó�yîT®q yû>· ~XøýË eÖsÁTÎ
ÿ¿£ u²V�²«�\+e\¢ kÍ<ó�«eTeÚÔáT+~.

s�sTT¿ì � �\+ m¿£Ø&� qT+&� eºÌ+~?
� �\ ~Xø @$T{ì?
yû>±�� eÖsÁTd�Öï, s�sTT� e�Ô�ï¿±sÁ eÖsÁZ+ýË

çÜ|�Î&��¿ì ¿±sÁDyîT®q �\+ e�Ôáï ¹¿+ç<�+yîÕ|�Ú
|��#ûd�Tï+~. � �ý²�� n_ó¹¿+ç<� �\+ n+{²sÁT.

� �\+ ýñq|�ð&�T (Ô�&�TqT e~*q|�ð&�T)
s�sTT ¹sFjáT eÖsÁZ+ýË $d¾]yûjáT�&�TÔáT+~. �
¹sKqT �e�Ô�ï¿±sÁ eÖsÁZ+ jîTT¿ £Ø d�Îs Áô ¹sK
n+{²eTT.

e�Ô�ï�¿ì d�ÎsÁô¹sK
ÿ¿£ d�sÁÞø¹sK e�Ôáï+ jîTT¿£Ø ÿ¹¿ ÿ¿£ _+<�TeÚ

<�Çs� bþÔû, � ¹sKqT d�ÎsÁô¹sK n+{²sÁT. �
_+<�TeÚqT d�ÎsÁô _+<�TeÚ n+{²sÁT. � d�ÎsÁô¹sK
� _+<�TeÚ e<�Ý e�Ôáï y�«kÍs���¿ì \+�eTT>±
�+³T+~.

#î¿£Ø~eT� d¾�sÁe&� (Constant Speed) ÔÃ
e�Ô�ï¿±sÁeÖsÁZ+ýË #á*d�Tï+<�� >·eT�+#á>·\sÁT ¿£qT¿£
#î¿£Ø~eT� jîTT¿£Ø � #á\H��� »»d�eTe�Ô�ï¿±sÁ#á\q+µµ
(Uniform Circular motion) n+{²+

»»@<îÕH� ed�TïeÚ d¾�sÁe&�ÔÃ e�Ô�ï¿±sÁeÖsÁZ+ýË
#á*d�Ö ï �+fñ � ed�T ïeÚ  # á\H���
d�eTe�Ô�ï¿±sÁ#á\q+  (Uniform Circular motion)

n+{²sÁTµµ.
d�eTe�Ô�ï¿±sÁ#á\q+ýË >·\ ed�Tïyû>·+
eÖsÁTÔáT+<�? m+<�TÅ£�?
d�eTe�Ô�ï¿±sÁ#á\q+ýË >·\ ed�TïeÚ ÔáÇsÁD²��
¿£*Ð �+³T+<�? � ÔáÇsÁD ~Xø @$T{ì?

¿£�Ôá«+ ` 2
ÿ¿£ <�sÁeTT ºesÁ ºq� s�sTT� ¿£³¼+&�. �

<�sÁeTT Âs+&�e ºesÁqT #ûÜÔÃ |�³T¼¿=�
|�³+`2ýË #áÖ|¾q $<ó�+>± >·T+ç&�eTT>± Ü|�Î+&�.

|�³+`2

s�sTT >·eTq ~Xø @~?
�|�ð&�T <�sÁeTTqT #ûÜ qT+&� e~*,
s�sTTbþjûT eÖs�Z�� >·eT�+#á+&�.
s�sTT @ ~XøýË #á*+º+~?
<�sÁeTTqT e<�\¿£ eTT+<�T s�sTT �jáT$TÔá

e&�ÔÃ e�Ô�ï¿±sÁ eÖsÁZ+ýË #á*+º+~.
<�sÁeTTqT e~*q|�ð&�T s�sTT ¹sFjáT

eÖsÁZ+ýË #á*+º+~.

|�³+`3

n_ó¹¿+ç<� ÔáÇsÁD²�� � ç¿ì+~ d�ÖçÔá+ <�Çs�
d�ÖºkÍïeTT.

a
c
 = 

2v

r

n_ó¹¿+ç<� �\+ F
c
 = 

2mv

r
 (QF

c
=ma

c 
)

m R ed�TïeÚ ç<�e«s�¥, v R ed�TïeÚ yû>·+,
r R e�Ô�ï¿±sÁ eÖsÁZ y�«kÍsÁ�+.

>·eT�¿£: n_ó¹¿+ç<��\+ ÿ¿£ |��*Ôá�\+ ¿£qT¿£
B� ~Xø m\¢|�ð&�Ö ¹¿+ç<�+ yîÕ|�Ú �+³T+~.

«
AC d�ÎsÁô¹sK

OB y�«kÍsÁ�+
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Think and discuss

• Can an object move along a curved

path if no force acts on it?

• As a car speeds up when rounding a

curve, does its centripetal

acceleration increase? Use above

equation to justify your answer.

• Calculate the tension in a string that

whirls a 2 kg mass toy in a horizon-

tal circle of radius 2.5 m, when it is

moving at a speed of 3m/s.

5.2 Universal law of gravitation

Once while Sir  Isaac Newton was sitting

under a tree, an apple fell to the ground.

• Do you know what questions arose

in his mind from this observation?

• Why did the apple fall to the ground?

• Why does the moon not fall to the

ground?

• What makes the moon to move in a

circular orbit around the earth?

With the above observations Newton

assumed that there exists a force between

any two objects in the Universe. This force

is named as Gravitational force. The

generalised law of gravitation as stated by

Newton is "Eevery body in the universe

attracts other body with a force which is

directly proportional to the product of their

masses and inversely proportional to the square

of the distance between them". The direction

of the force of attraction is along the line

joining the centers of the two bodies.

Let two bodies of masses M
1
 and M

2
 be

separated by a distance of  'd', and the force

of gravitation between them is F
grav.

Force of attraction µ (mass)
1  

(mass)
2

F
grav.

   µ    M
1
 M

2  
 and

F
grav.

   µ   2

1

d

1 2
grav 2

M M
F

d
µ

1 2
grav 2

GM M
F

d
=

G is a proportionality constant, called

universal gravitational constant and

found experimentally by Henry Cavendish

to be  G=6.67x10-11 Nm2Kg-2 The value of

G is equal to the magnitude of force

between a pair of 1 kg masses that are 1

metre apart.

Note: This formula is applicable to

spherical bodies. We use the above

formula for all bodies on the earth though

they are not spherical because, when

compared to the  earth,  any object on earth

is very small and it is assumed to be a

point object.

Fig-4
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�ýËº+#á+&� ̀  #á]Ì+#á+&�

ÿ¿£ ed�TïeÚ �|Õ @ �\+ |��#ûjáT¿£bþÔû �
ed�TïeÚ eç¿£eÖsÁZ+ýË #á*+#á>·\<�?
eç¿£eÖsÁZ+ýË ç|�jáÖDì+#û d�+<�sÁÒÛ+ýË ¿±sÁT
e&� ��|]Ðq³¢sTTÔû <�� n_ó¹¿+ç<�ÔáÇsÁD+
�|sÁT>·TÔáT+<�? (MT d�eÖ<ó�H��� a = v2/R

d�MT¿£sÁD d�V�äjáT+ÔÃ d�eT]�+#áT¿Ã+&�)
2.5 MTöö bõ&�eÚ >·\ Ô�&�T ºesÁ 2 ¿ì.ç>±.
ç< �e«s�¥ > ·\ u¤eT�qT ¿ £{ì ¼  ¿ ì �ÜÈ
d�eÖ+ÔásÁÔá\+ýË 3 MT/�d. e&�ÔÃ çÜ|¾Îq
Ô�&�TýË �+&û Ôáq«Ôá m+Ôá?

5.2 qÖ«³H� $XøÇ>·TsÁTÔáÇ d¾<�Æ+Ôá+
d�sY ×C²¿ù qÖ«³H�  �|¾ýÙ #î³T¼ ç¿ì+<� Å£LsÁTÌ�

�q�|�ð&�T �|¾ýÙ #î³T¼ �|Õ qT+&� ¿ì+~¿ì |�&�+~.

eT] � d�+<�sÁÒÛ+ýË qÖ«³H� eT~ýË yîT~*q
ç|�Xø�ýñ$T{Ë MTÅ£� Ôî\TkÍ?
�|¾ýÙ eÖçÔáyûT uó�Ö$T�|Õ m+<�TÅ£� |�&�+~?
#á+ç<�T&�T uó�Ö$T�|Õ m+<�TÅ£� |�&�³+ ýñ<�T?
#á+ç<�T&�T uó�Ö$T#áT³Ö¼ d�TeÖsÁT>± e�Ô�ï¿±sÁ
eÖsÁZ+ýË @$<ó�+>± #á*+#á>·\T>·TÔáTH��&�T?

�|Õ |�]o\q �<ó�sÁ+>± $XøÇ+ýË @ Âs+&�T
ed�TïeÚ\ eT<ó�«HîÕH� �¿£sÁüD �\+ �+³T+<��
}V¾²+#�&�T. � �ý²�� >·TsÁTÔ�Ç¿£sÁüD �\+ n�
Ôî*bÍ&�T. qÖ«³H� $XøÇ>·TsÁTÔ�Ç¿£sÁüD �jáTeÖ��
ç¿ì+~ $<ó�+>± d�Öº+#�&�T.»»$XøÇ+ýË ç|�Ü ed�TïeÚ
eTs=¿£ ed�TïeÚqT �¿£]üd�Tï+~. � �¿£sÁüD
�\|�]eÖD+ y�{ì ç< �e«s�X ø�\ \u² Æ�¿ ì
nqTýËeÖqTbÍÔá+ýËqÖ, y�{ì eT<ó�« <�ÖsÁ
es�Z�¿ì$ýËeÖqTbÍÔá+ýËqÖ �+³T+~. B�Hû
$XøÇ>·TsÁTÔ�Ç¿£sÁüD �jáTeT+ (Universal Law of

gravitation) n+{²+. Âs+&�T ed�TïeÚ\ eT<ó�« >·\

�¿£sÁüD �\~Xø Âs+&�T ed�TïeÚ\qT ¿£*�| d�sÁÞø¹sK
yî+�&� �+³T+~.

|�³+`4ýË #áÖ|¾q³T¢ M
1
, M

2
 ç<�e«s�Xø�\T >·\

Âs+&�T >ÃÞ²¿±sÁ ed�TïeÚ\T 'd' <�ÖsÁ+ýË yûsÁT#ûjáT�&�
�q�<�qTÅ£�+<�+. n|�Ú&�T >ÃÞ²\ eT<ó�«
>·TsÁTÔ�Ç¿£sÁüD�\+ F

grav

F
grav

 µ (ç<�e«s�¥
1
)
  
(ç<�e«s�¥

2
)

F
grav.

   µ   M
1
 M

2

F
grav.

   µ   2

1

d

F
grav

 1 2

2

M M

d
µ

F
grav

 = 
1 2

2

GM M

d

�¿£Ø&� nqTbÍÔád¾�s�+¿£+ "G" qT qÖ«³H�
$XøÇ>·TsÁTÔáÇ d¾�s�+¿£+ n+{²s. B� $\Te
6.67I10`11 qÖ«³H�. (MT³sÁT)2. (¿ì.ç>±.)`2 >±
�V²çú ¹¿yî+&�wt ¿£qT>=H��&�T. ÿ¿£ ¹¿J ç<�e«s�¥ >·\
Âs+&�T ed�TïeÚ\T ÿ¿£ MT³sÁT <�ÖsÁ+ýË yûsÁT #ûjáT�&�
�q�|�ð&�T y�{ì eT<ó�« |��#û�d >·TsÁTÔ�Ç¿£sÁüD �\+
"G" Å£� d�eÖq+.

>·eT�¿£: �|Õ d�MT¿£sÁD+ ¹¿e\+ _+<�T ýñ¿£ >ÃÞ²¿±sÁ
ed�TïeÚ\Å£� e]ïd�Tï+~. ¿±� eTq+ � d�MT¿£sÁD+qT
�¿±sÁ+ÔÃ d�+�+<ó�+ ýñÅ£�+&� uó�Ö$T�|Õ qTq� n��
ed�TïeÚ\Å£� �|�jîÖÐkÍï+. m+<�T¿£+fñ @ ed�TïeÚ
�|�]Ôá\yîT®H� uó�Ö�|�]Ôá\+ýË bþ\Ìq|�Ú&�T #�ý²
ºq�~. ¿±�{ì¼ n~ ÿ¿£ _+<�Ted�TïeÚ (Point object)>±
|�]>·Dì+|��&�TÔáT+~.
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Example 1

What is the time

period of satellite near

the earth's surface?

(neglect height of the

orbit of satellite from

the surface of the

earth) M-Mass of earth = 6 x 1024kg,

R-radius of earth = 6.4 x 106 m.

Solution

Let's assume the mass of the earth and

radius are 'M' and 'R'.  Mass of the satellite

is 'm'.  Then, the force on the satellite due

to earth is given by F = 2

GmM

R

Let v be the speed of the satellite

v = 
2πR

T
 Þ T = 

2πR
v

Required centripetal force is provided

to satellite by the gravitational force hence

F
C
= 

2mv

R
.

But F
C
= 2

GMm

R
 according to Newton's

law of gravitation.

i.e., 2

GMm

R
 = 

2

2

m(2πR)

T R

Þ T2 = 
2 34π R

GM

As mass of the earth (M) and G are

constants the value of T depends only on

the radius of the earth.

Þ T2 a R3

Substituting the values of M, R and G in

above equation we get, T = 84.75 minutes.

Thus the satellite revolving around the

earth in a circular path near to the earth's

surface takes 1 Hour and 24.7 minutes

approximately to complete one revolution

around earth.

Derivation of the Universal

Law of Gravitation

Newton knew that the motion of

moon around the earth is approximately

uniform circular motion. So certain net

force, which we call centripetal force,

is required to maintain the uniform

circular motion.

So he introduced the idea of force

of attraction between the moon and

earth.   He proposed that earth attracts

moon and termed it as gravitational

force. This gravitational force acts as a

centripetal force and makes the moon

revolve around the earth in uniform

circular motion.

Newton knew the following data. The

distance of the moon from center of the

earth is 3,84,400 km = 3.844x1010 cm.

The moon takes 27.3 days or 2.35x106

s for a complete revolution around the

earth.

Fig-6: Comparing the motions of the moon

and apple
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�<�V�²sÁD 1
uó�Ö �|�]Ôáý²�¿ì <�>· ZsÁ>± uó�Ö$T #áT³Ö¼

çuó�$T+#û �|�ç>·V�² �esÁïq ¿±\yîT+Ôá? (uó �Ö
�|�]Ôá\+ qT+&� �|�ç>·V�²
¿ £¿ £ � «Å £ � > ·\ mÔáT ïqT
$d��]+#á+&�. uó�Ö$T ç<�e«s�¥
y�«kÍs��\T esÁTd�>± 6I1024

¿ì.ç>±. eT]jáTT 6.4I106

MT.>± rd�T¿Ã+&�).
kÍ<ó�q

uó�Ö ç<�e«s�¥ eT]jáTT y�«kÍs��\T esÁTd�>± M
eT]jáTT R \T rd�TÅ£�+<�+. �|� ç>·V�² ç<�e«s�¥�
m nqTÅ£�+<�+.   �|�ç>·V�²+�|Õ, uó�Ö$T ç|�jîÖÐ+#û
�\+  F = 2

GmM

R

�|�ç>·V�²e&�  v = 
2πR

T
 Þ  T = 

2πR
v

�|� ç>·V�²+¿ì ¿±e\d¾q n_ó ¹¿+ç<��ý²��
>·TsÁTÔ�Ç¿£sÁüD �\+ d�eTÅ£LsÁTd�Tï+~. ¿£qT¿£

 F
C
= 

2mv

R
.

�|Õ d�MT¿£sÁD²\ qT+&� ¿±� qÖ«³H� >·TsÁTÔ�Ç¿£sÁüD
�jáTeTeTT qT+&�  F

C
= 2

GMm

R
  n� Ôî\Td�T.

i.e., 2

GMm

R
 = 

2

2

m(2πR)

T R

Þ T2 = 
2 34π R

GM
,

G, M $\Te\T d¾�sÁ+ ¿±eÚq

Þ T2 a R3 n>·TqT.

uó�Ö$T jîTT¿£Ø ç<�e«s�¥ eT]jáTT G d¾�s�+¿±\T
¿±�{ì¼ T $\Te uó�Ö$T jîTT¿£Ø y�«kÍsÁ�+�|Õ eÖçÔáyûT
�<ó�sÁ|�&� �+³T+~.

�|Õ d�MT¿£sÁD+ýË M, R eT]jáTT G \T
ç|�Ü¹¿�|¾+#á>± T = 84.75 �öö e#áTÌqT.

nq>± uó�Ö$T �|�]Ôáý²�¿ì <�>·ZsÁ>± uó�Ö$T #áT³Ö¼
e�Ô�ï¿±sÁ eÖsÁZ+ýË #á*+#û �|�ç>·V�²+ ÿ¿£ |�P]ï
çuó�eTD+ #ûjáT&��¿ì 1>·+³ 24.7�öö d�eTjáT+
(d�TeÖsÁT>±) rd�TÅ£�+³T+~.

$XøÇ >·TsÁTÔáÇ d¾<�Æ+Ô��� �Ô�Î~+#á&�+

V m

M

|�³+`5

V

�|¾ýÙ
a

e 
= g

a
C 

= a
m

#á+ç<�T&�T

R
m

R
e

|�³+`6: �|¾ýÙ eT]jáTT #á+ç<�T&� #á\H�\T bþ\TÌ³

uó�Ö$T #áT³Ö¼ #á+ç<�T� jîTT¿£Ø #á\q+
�+#áT$T+#áT d�eTe�Ô�ï¿±sÁ #á\qeT� qÖ«³H�¿ì
Ôî\Td�T. #á+ç<�T&�T d�eTe�Ô�ï¿±sÁ #á\q+ýË
�sÁ+ÔásÁ+>± #á*+#�\+fñ #á+ç<�T��|Õ ÿ¿£
n_ó¹¿+ç<��\+ |��#ûjáÖ\� nÔá&�T uó²$+#�&�T.

n+<�T¿=sÁÅ£� uó�Ö$T eT]jáTT #á+ç<�T&�T eT<ó�«
ÿ¿£ �¿£sÁ üD�\+ |��#ûd�T ï+<�� qÖ«³H�
uó²$+#�&�T. n+fñ uó�Ö$T #á+ç<�T�� �¿£]ü+#�\q�
eÖ³. qÖ«³H� � �¿£sÁüD �ý²�� >·TsÁTÔ�Ç¿£sÁüD
�\eT� |¾*#�&�T. � �\+ #á+ç<�T�¿ì ¿±e\d¾q
n_ó¹¿+ç<��ý²�� d�eTÅ£L]Ì, #á+ç<�T&�T uó�Ö$T
#áT³Ö¼ �sÁ+ÔásÁ+>± d�eTe�Ô�ï¿±sÁ #á\q+ýË
�+& û³³T ¢ # ûd �T ï+~.uó �Ö ¹¿+ç< �+ qT+&�
# á+ ç< �T� ¹¿+ç< �eTTqÅ £� > ·\ <�ÖsÁ+
3,84,400¿ì.MT.R 3.844I1010�d+.MT. n�,
uó�Ö$T #áT³Ö¼ #á+ç<�T&�T ÿ¿£ |�P]ï çuó�eTD²�¿ì
|�³T¼¿±\+ 27.3sÃE\T ýñ¿£ 2.35I106 �d¿£qT¢
n� qÖ«³H� Ôî\Td�TÅ£�H��&�T.
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 What is the speed of moon?

You can calculate the speed of the

moon using the equation,

v =  
2πR

T
Thus the acceleration of the moon

towards the centre of the earth

         a
m 

= 
2 2

2

v 4π R

R T
=

Substituting the values of R and T in

above equation we can get

a
m 

= 0.27 cm/s2.

Galileo found that the acceleration of

bodies acquired near the surface of earth

is equal to 981 cm/s2. Thus acceleration

of an apple, approximately is equal to

981cm/s2.

He compared the both the acceleration

of an apple, a
e
 to the acceleration of the

moon, a
m
.

We get, e

m

a 981

a 0.27
=  @  3640.-- (1)

Newton knew that the radius of Earth,

R
e
 and the distance of the moon from the

centre of the Earth, R
m
 are 6371 km and

3,84,400 km respectively. We get

m

e

R 384400

R 6371
=    @  60.3

2

m

e

R

R

æ ö
ç ÷
è ø

 =(60.3)2   @  3640----- (2)

From 1, 2 equations it is clear that

e

m

a

a
  = 

2

m

e

R

R

æ ö
ç ÷
è ø

So we get,

2

1
a

R
µ ----- (3) and thus,

Force of attraction

2

1
F

R
µ ----- (4)

Thus it became clear that the force of

gravity decreases with increase in

distance of the object from the center

of the earth.

According to Newton's third law the

force on the apple by the earth is equal

to the force on the earth by the apple.

We get the force on an object by the

earth by using the second law of motion

and equation-1.

From Newton's second law of motion

F = ma, and from equation-1,  2

1
a

R
µ

Þ a = 2

k

R
 (where k is proportionality

constant)

Thus we get, F = 2

km

R

Therefore the force on the apple by

the earth = 2

Km

R
  ---- (5)

Where 'm' is the mass of apple and 'R'

is the radius of the earth.

Force on the earth by the apple = 2

KM

R

¢

 ---- (6)

Where M is the mass of the earth.

The above forces are equal in magnitude

only when the following condition is

satisfied.

K=GM and K' = Gm ---- (7)

Where G is a constant.

From equations (5) & (7) we have

force on apple by the earth, F  = 2

GMm

R

We conclude that gravitational force

between the masses is directly

proportional to the product of their

masses.
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#á+ç<�T� e&� m+Ôá?
2πR

v
T

=  d�ÖçÔ��� y�&� eTq+ #á+ç<�T� e&��

ýÉ¿ìØ+#á>·\+. ¿£qT¿£ uó�Ö¹¿+ç<�+ yîÕ|�Ú #á+ç<�T� ÔáÇsÁD+,

a
m 

= 

2v
a

R
=  = 

2

2

4π R

T
  bõ+<�TÔ�+.

R eT]jáTT T \qT �|Õ d�MT¿£sÁD+ýË ç|�Ü¹¿�|¾+#á>±
a

m
 = 0.27 �d+.MT./�d2 e#áTÌqT.
B�� a

m
 >± (Acceleration of Moon) |¾\T<�Ý+.

uó�Ö �|�]Ôáý²�¿ì <�>·ZsÁ>± �+&û ed�TïeÚýË¢ ÔáÇsÁD+
981 �d+.MT./�d2 >± Â>*©jîÖ ¿£qT>=H��&�T. B��
a

e 
n+<�+. �~jûT �|¾ýÙ ÔáÇsÁD²�¿ì d�eÖq+.
qÖ«³H� �|¾ýÙ eT]jáTT #á+ç<�T&� ÔáÇsÁD²\qT

bþý²Ì&�T.
e

m

a

a
 = 

981

0.27
    @     3640  ----- (1)

    ( @  d�TeÖsÁT>± n� nsÁ�+)
uó�Öy�«kÍsÁ�+ R

e
 eT]jáTT uó�Ö¹¿+ç<�+ qT+&�

#á+ç<�T� ¹¿+ç<��¿ì >·\ <�ÖsÁ+ R
m
 \T esÁTd�>±

6371¿ì.MT.eT]jáTT 3,84,400¿ì.MT.n� qÖ«³H�¿ì

Ôî\Td�T. M{ì qT+&� qÖ«³H� 
2

m

e

R

R

æ ö
ç ÷
è ø

 qT ýÉ¿ìØ+#�&�T.

m

e

R

R
 = 

384400

6371
   @  60.3

2

m

e

R

R

æ ö
ç ÷
è ø

 =(60.3)2   @  3640 ----- (2)

(1), (2)  d�MT¿£sÁD²\ �<ó�sÁ+>±

 
e

m

a

a
  = 

2

m

e

R

R

æ ö
ç ÷
è ø

  n� ç>·V¾²+#á>·\+.

¿£qT¿£ ÔáÇsÁD+ a   1/(<�ÖsÁ+)2    n� #î|�Î>·\+.

2

1
a

R
µ ----- (3)

B� qT+&�, >·TsÁTÔ�Ç¿£sÁüD �\+ a  1/ (<�ÖsÁ+)2

2

1
F

R
µ ----- (4)

B�� �{ì¼ uó�Ö¹¿+ç<�+ qT+&� ed�Tï<�ÖsÁ+ �|]¹>
¿=BÝ, ed�TïeÚ�|Õ uó�Ö$T ç|�jîÖÐ+#û >·TsÁTÔ�Ç¿£sÁüD�\+
Ôá>·TZÔáÖ �+³T+<�� ç>·V¾²+#á>·\+.

qÖ«³H� eTÖ&�e >·eTq �jáTeT+ ç|�¿±sÁ+ �|¾ýÙ�|Õ
uó�Ö$T ç|�jîÖÐ+#û �\ |�]eÖD+, uó�Ö$T�|Õ �|¾ýÙ
ç| �jîÖÐ+#û  �\ |�]eÖD²�¿ì d �eÖq+.
d�MT¿£sÁD+`1 eT]jáTT qÖ«³H� Âs+&�e >·eTq
�jáTeÖ\qT $�jîÖÐ+º eTq+ uó�Ö$T ed�TïeÚ�|Õ
ç|�jîÖÐ+#û �ý²�� ýÉ¿ìØ+#á>·\+.

qÖ«³H� Âs+&�e >·eTq �jáTeT+ qT+&� F = ma

n� eTqÅ£� Ôî\Td�T.  d�MT¿£sÁD+`1, 
2

1
a

R
µ    qT+&�

Þ 
2

K
a

R
=  (K = ÿ¿£ nqTbÍÔá d¾�s�+¿£+)

�|Õ d�MT¿£sÁD²\ �<ó�sÁ+>± , 
2

Km
F

R
=   neÚÔáT+~.

¿±eÚq �|¾ýÙ�|Õ uó�Ö$T ç|�jîÖÐ+#û �\+

                 = 2

Km

R
 ---- (5)

 �¿£Ø&� m nHû~ �|¾ýÙ ç<�e«s�¥ eT]jáTT R
nHû~ uó�Ö$T y�«kÍsÁ�+qT d�ÖºkÍïsTT.
�<û$<ó�+>±,

uó�Ö$T�|Õ �|¾ýÙ ç|�jîÖÐ+#û �\+

            = 2

K M

R

¢
  ---- (6)

�¿£Ø&� M nHû~ uó�Ö$T ç<�e«s�¥� d�Öºd�Tï+~.
K=GM eT]jáTT K' = Gm ---- (7)

nsTTq|�Ú&�T eÖçÔáyûT �|Õq Ôî*|¾q �\|�]eÖD²\T
d�eÖq+ neÚÔ�sTT. (5) eT]jáTT (7) d�MT¿£sÁD²\
qT+&�, �|¾ýÙ�|Õ uó�Ö$T ç|�jîÖÐ+#û �\+

F  = 2

GMm

R
    neÚÔáT+~.

� d�MT¿£sÁD+ <�Çs� Âs+&�T ç<�e«s�Xø�\ eT<ó�«
>·TsÁTÔ�Ç¿£sÁüD�\+, y�{ì ç<�e«s�Xø�\ \u²Æ�¿ì
nqTýËeÖqTbÍÔá+ýË �+³T+<�� #î|�Î>·\+.
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• What is your observation?  Now

drop the book and paper separately,

what happens?

A body is said to be in free fall when only

the gravitational force acts on that body.

Fig-8

Let us drop a body of mass m near the

earth's surface.

Let M be the mass of the earth and R be

the radius of the earth.

Now the force of attraction on the mass

is given by,

F = 2

GMm

R
   Þ   

F

m
 =  2

GM

R

From Newton's second law, F/m is equal

to acceleration.   Here this acceleration is

denoted by 'g'

Hence, g = 2

GM

R

From the above equation you can

conclude that 'g' is the independent of the

body's mass.

If there were no air friction or

resistance, all the bodies would fall with

the same acceleration. This acceleration,

produced due to gravitational force of the

earth near the surface, is called free- fall

acceleration.

m

g
R

M

• In fig.-7, we see that the moon 'falls'

around earth rather than straight into

it. If the magnitude of velocity were

zero, how would it move?

Fig-7

• According to the equation for

gravitational force, what happens to

the force between two bodies if the

mass of one of the bodies doubled?

• If there is an attractive force between

all objects, why do we not feel

ourselves gravitating toward massive

buildings in our vicinity?

• Is the force of gravity stronger on a

piece of iron than on a piece of wood

if both have the same mass?

• An apple falls because of the

gravitational attraction of earth. What

is the gravitational attraction of apple

on the earth?

5.3 Free fall

Activity-3

Acceleration is independent of masses

Place a small paper on a book. Release

the book with the paper from certain height

from the ground.

Think and discuss
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m

g
R

M

@$T >·eT�+#�sÁT? Ôás�ÇÔá |�Úd�ï¿±�� eT]jáTT
¿±ÐÔ��� $&�$&�>± ÿ¹¿ mÔáTï qT+&� ÿ¹¿kÍ]
C²sÁ$&�e+&�. @+ È]Ð+<Ã >·eT�+#á+&�?

uó�ÖeÖ«¿£sÁüD�\+ eÖçÔáyûT |��#û�d ed�TïeÚ\qT
�dÇ#�ÌÛ|�Ôáq ed�TïeÚ\T (Free Fall Body) n+{²sÁT.

|�³+`8

m ç<�e«s�¥ >·\ ed�TïeÚ (�|¾ýÙ)qT uó�Ö
�|�]Ôáý²�¿ì <�>·ZsÁ>± $&�#�eTqTÅ£�+<�+.

uó �Ö$T ç<�e«s�¥, M; uó �Öy�«kÍsÁ �+, R

nqTÅ£�+<�+.

ed�TïeÚ�|Õ uó�Ö$T, ç|�jîÖÐ+#û >·TsÁTÔ�Ç¿£sÁüD
�\+

F = 2

GMm

R
    Þ         = 2

GM

R

qÖ«³H� Âs+&�e >·eTq �jáTeT+ ç|�¿±sÁ+
 F/m qT ÔáÇsÁD+ n+{²+. B�� >·TsÁTÔáÇÔáÇsÁD+
g n� |¾\T<�Ý+.  ¿£qT¿£

g = 2

GM

R
    neÚÔáT+~.

�|Õ d�MT¿£sÁD²�� �{ì¼ g $\Te ed�Tï ç<�e«s�¥�|Õ
�<ó�sÁ|�&�<�� Ôî\Td�Tï+~.

>±* �sÃ<ó�¿£ �\+ ed�TïeÚ\�|Õ |��#ûjáT¿£bþÔû
�dÇ#�Ì|�Ôáq ed�TïeÚ\ú� ÿ¹¿ ÔáÇsÁD+ÔÃ #á*kÍïsTT.
uó�Ö$T¿ì <�>·ZsÁ>± �+&û ed�TïeÚýË¢ uó�ÖeÖ«¿£sÁüD e\¢
¿£*¹> ÔáÇsÁD²�� �dÇ#�ÌÛ|�Ôáq ÔáÇsÁD+ (Free Fall

acceleration)  ýñ<� >·TsÁTÔáÇÔáÇsÁD+ (Acceleration

due to gravity)  n+{²sÁT.

�ýËº+#á+&�̀ #á]Ì+#á+&�
|�³+7ýË #áÖ|¾q³T¢ #á+ç<�T&�T uó�Ö$T#áT³T¼
e�Ô�ï¿±sÁ eÖsÁZ+ýË #á*d�Öï �+{²&�T. ÿ¿£yûÞø
#á+ç<�T� yû>·+ XøSq«eTsTTÔû, #á+ç<�T&�T #á\q+
@ $<ó�+>± �+³T+~?

Âs+&�T ed�T ïeÚýË¢ ÿ¿£<�� ç< �e«s�¥
Âs{ì¼+|�sTTq, y�{ì eT<ó�« >·TsÁTÔ�Ç¿£sÁüD�\+
m+ÔáT+³T+~?
$XøÇ+ýË n�� ed�TïeÚ\ eT<ó�« >·TsÁTÔ�Ç¿£sÁüD
�\+ �+³T+<�� eTqÅ£� Ôî\Td�T eT] eTq+
�|<�Ý uó�e+ÔáT\ <�>·ZsÁ>± �\T#áTq�|�ð&�T y�{ì
e\¢ eTq�|Õ ç|�jîÖÐ+|��&û >·TsÁTÔ�Ç¿£sÁüD �\
ç|�uó²y��� nqTuó�ÖÜ bõ+<�¿£bþe&��¿ì >·\
¿±sÁDyûT$T?
ÿ¹¿ ç<�e«s�¥ >·\ #î¿£ØeTT¿£Ø eT]jáTT �qT|�
eTT¿£Ø\�|Õ |��#û�d uó�ÖeÖ«¿£sÁüD �ý²ýË¢ <û��|Õ
|��#û�d �\+ n~ó¿£+>± �+&�TqT?
uó�Ö$T >·Ts ÁTÔ�Ç¿ £s ÁüD�\+ÔÃ �|¾ýÙqT
�¿£]ü+#á&�+ e\q n~uó�Ö$T�|Õ |�&�TÔáT+<��
eTqÅ£� Ôî\Td�T. �|¾ýÙ Å£L&� uó�Ö$T�
�¿£]üd�Tï+<�? ÿ¿£yûÞø �¿£]ü�dï n~ m+Ôá
�\+ÔÃ uó�Ö$T� �¿£]üd�Tï+~?

5.3 �dÇ#�Ì |�Ôáq ed�TïeÚ

¿£�Ôá«+ ` 3

�dÇ#�Ì |�Ôáq ed�Tï ÔáÇsÁD+ <�� ç<�e«s�¥�|Õ
�<ó�sÁ|�&�<�T

|�Úd�ï¿£+�|Õ  ÿ¿£ ºq� ¿±ÐÔ��� �+º ¿=+Ôá mÔáTï
qT+&� Âs+&�+{ì� ¿£*|¾ ÿ¹¿kÍ] e~*yûjáT+&�.

   |�³+`7

F

m
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Think and discuss

Mass of the earth (M) = 6  x  1024 kg

Radius of earth  (R) = 6.4  x  106 km

Putting these values in the above

equation.

We get g = 9.8  m/s2 (approximately)

In general, this value of acceleration due

to gravity changes due to change in

distances of objects from the center of the

earth.

Since free - fall acceleration is constant

near the ground, the equations of uniform

accelerated motion can be used for the case

of free-fall body.

v = u + at,

s = ut + ½ at2 ,

v2 - u2 = 2as.

• While solving problems related to

Free fall objects we use 'g' instead

of 'a' in above equations.

• When we use these equations, you

must follow the sign convention ( It

is discussed in the chapter "motion")

Activity-4

What is the direction of 'g'?

Throw a stone vertically up. Measure the

time required for it to come back to earth's

surface with a stop clock.

• What happens to its speed when it

moves up and down?

• What is the direction of

acceleration?

When a stone moves up, the speed

decreases. When a stone moves down, the

speed increases. So the free-fall acceleration

is vertically downwards. No matter how

you throw objects, " g " is directed vertically

down as shown in fig.-9. (Actually the body

tends to move towards the centre of the

earth).

Observe the following table-1 to know

the direction of acceleration.

          Table-1

Give an example for the motion of

an object of zero speed and with

non zero acceleration?

Two stones are thrown into air with

speeds 20 m/s, 40m/s

respectively? What are

accelerations possessed by the

objects?

Example 2

A body is projected vertically up. What

is the distance covered in its last second

of upward motion? (g = 10 m/s2)

g
Surface 

of the earth

Fig-9 direction of gravity

Fig-10
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uó�Ö$T ç<�e«s�¥ (M) R 6I1024 ¿ì.ç>±.
uó�Öy�«kÍsÁ�+ (R) R 6.4I106 MT.
�|Õ d�MT¿£sÁD+ýË M, R eT]jáTT G \qT

ç|�Ü¹¿�|¾+#á>± g = 9.8 MT./�d.2 (d�TeÖsÁT>±)
bõ+<�e#áTÌqT.

� >·TsÁTÔáÇÔáÇsÁD+(g) $\Te, uó�Ö¹¿+ç<�+ qT+&�
ed�TïeÚÅ£� >·\ <�ÖsÁ+ÔÃ bÍ³T eÖsÁTÔáT+~.

uó�Ö �|�]Ôá\+ <�>·ZsÁ �dÇ#�ÌÛ |�Ôáq ed�TïeÚ\
jîTT¿£Ø �dÇ#�Ì |�Ôáq ÔáÇsÁD+ g $\Te d¾�sÁ+ ¿£qT¿£
#á\q+ nHû bÍsÄÁ+ýË eTq+ HûsÁTÌ¿=q� d�eTÔáÇsÁD
#á\q d�MT¿£sÁD²\T �dÇ#�Ì Û|�Ôáqed�TïeÚ\Å£�
y�&�e#áTÌ. � d�MT¿£sÁD²\T

v = u + at,

s = ut + ½ at2 ,

v2 - u2 = 2as.

>·eT�¿£:
�|Õ d�MT¿£sÁD²\qT �|�jîÖÐ+#û³|�ð&�T a Å£�
�<�T\T>± g y�&�Ô�+.
�|Õ d�MT¿£sÁD²\qT y�&� d�eTd�«\qT kÍ~ó+#�
\+fñ d�+C²ã kÍ+ç|�<�jáÖ�� bÍ{ì+#�*.
(B�� >·Ö]Ì »»#á\q+µµ nHû n<ó�«jáT+ýË MTsÁT
HûsÁTÌ¿=�jáTTH��sÁT).

¿£�Ôá«+ - 4

>·TsÁTÔáÇ ÔáÇsÁD+ (g) @ ~XøýË |��#ûd�Tï+~?
ÿ¿£ s�sTT� �³¼�\TeÚ>± �|Õ¿ì $d�sÁ+&�. n~

uó �Ö$T¿ì Ü]Ð #ûs Á&��¿ì | �fñ ¼ d�eTjáÖ��
ýÉ¿ìØ+#á+&�.

s�sTT �|Õ¿ì eT]jáTT ç¿ì+<�Å£� #á*+#û³|�ð&�T
<�� e&�ýË m³Te+{ì eÖsÁTÎqT úeÚ
>·eTkÍïeÚ?
ÔáÇsÁD ~Xø m³TyîÕ|�Ú �+³T+~?

s�sTT �|Õ¿ì #á*+#û³|�ð&�T <�� e&� Ôá>·TZÔáÖ
�+³T+~, ç¿ì+<�Å£� #á*+#û³|�ð&�T <�� e&�
�|sÁT>·TÔáÖ �+³T+~ ¿£qT¿£ �dÇ#�Ì |�Ôáq ed�TïeÚ

jîTT¿£Ø ÔáÇsÁD ~Xø uó�Ö �|�]Ôáý²�¿ì \+�+>±
|��#ûd�Tï+~. ed�TïeÚ\qT @ $<ó�+>± $d¾]H� y�{ì
>·TsÁTÔáÇÔáÇsÁD+ m\¢|�ð&�Ö ç¿ì+<�¿ì |�³+ýË #áÖ|¾q
$<ó �+>± �+³T+~. (y�d�ïy��¿ì ed�TïeÚ\ú�
u ó �Ö ¹¿+ç< �+ y î Õ| � ÚÅ £ �  ç| �j áÖD ì+# á&��¿ ì
ç|�jáTÜ�kÍïsTT.)

|�³+`9 :  >·TsÁTÔáÇÔáÇsÁD ~Xø

>·TsÁTÔáÇÔáÇsÁD ~XøqT Ôî\Td�T¿=qT³Å£� |�{ì¼¿£`1�
|�]o*+#á+&�.

uó�Ö �|�]Ôá\+

|�³+`10

|�{ì¼¿£̀ 1

�ýËº+#á+&�̀ #á]Ì+#á+&�

e&� ýñÅ£�+&�, ÔáÇsÁD²�� ¿£*Z �+&û ed�Tï
>·eTH��� Ôî*�| d�+<�s�ÒÛ�¿ì �<�V�²sÁD
sTTeÇ+&�.
20MT/�d. eT]jáTT 40MT/�d. yû>±\ÔÃ
>±*ýË�¿ì $d¾]q Âs+&�T ed�TïeÚ\ jîTT¿£Ø
ÔáÇsÁD²\qT bþ\Ì+&�.

�<�V�²sÁD`2
ÿ¿£ ed�TïeÚqT �³¼�\TeÚ>± �|Õ¿ì $d¾s�sÁT. n~

}sÁ �Ç~XøýË #á*+#û³|�ð&�T �K] �d¿£qTýË
ç|�jáÖDì+#û <�ÖsÁyîT+Ôá? g = 10 MT/�d2 >±
rd�T¿Ã+&�.

s�sTT
kÍ�q+
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Solution

The distance covered by the object in its

last second of its upward motion is equal

to the distance covered in the first second

of its downward motion.

Hence u = 0 and from s = ut + ½ at2, the

distance covered by the last second.

s = ½ gt2= ½ x 10  x  1  =  5 m

Example 3

Two bodies fall freely from different

heights and reach the ground

simultaneously.  The time of descent for

the first body is t
1
 = 2s and for the second

t
2
 = 1s.  At what height was the first body

situated when the other began to fall?

( g = 10 m/s2 )

Solution

An object with travel time of 2s is first

and the travel time 1s is second object.  The

distance covered (h
1
) by second body in 1s is

     h
2
= ½   gt2 = ½ × 10 × 12 = 5 m

The distance covered by first body in 2s

is h
1 
,

h
1 
= ½   gt2 = ½ × 10 × 22 = 20m.

The height of the first body when the

other begin to fall h = 20 - 5 = 15m.

Example 4

A stone is thrown vertically up from the

tower of height 25m with a speed of 20 m/s.

What time does it take to reach the ground?

( g = 10 m/s2 )

Fig-12

Solution

Sign convention must be used to solve

this problem. It is shown in fig.-12.

Take the point from which the stone is

thrown as the fixed point. From this point

upward positive and downwards negative.

Then,  u= 20 m/s

a = g = -10 m/s2

s = h = -25 m

From equation of motion   s = ut + ½ at2

- 25 = 20t - ½ x 10 x t2

-25 = 20t - 5 t2

-5 = 4t - t2

Þ t2 - 4t - 5 = 0

at  t=1s

h
1
=20m

h
2
=5m

Fig-11

+

_

u

h
g
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+

_

u

h
g

|�³+`12

kÍ<ó�q: }sÁ�Ç ~XøýË #á*+#û ed�TïeÚ ºe]
�d¿£qTýË ç|�jáÖDì+ºq <�ÖsÁ+, n<̧Ã ~XøýË yîTT<�{ì
�d¿£qTýË ç|�jáÖDì+ºq <�Ös��¿ì d�eÖq+.

¿£qT¿£ u = 0 eT]jáTT  s = ut + ½ at2, qT+&�

ed�TïeÚ }sÁ�Ç~XøýË ºe] �d¿£HÃ¢ ç|�jáÖDì+ºq
<�ÖsÁ+.

s = ½ gt2= ½ x 10  x  1  = 5 MT

�<�V�²sÁD`3
 $$<ó� mÔáTï\ qT+&� C²sÁ$&�ºq Âs+&�T �dÇ#�Ì

|�Ôáq ed�TïeÚ\T uó�Ö$T¿ì ÿ¹¿kÍ] #ûsÁTÅ£�q�$. Âs+&�T
ed�TïeÚ\ ç|�jáÖD ¿±ý²\T esÁTd�>± 2�d. eT]jáTT
1�d. nsTTq 1�d. ç|�jáÖDì+ºq ed�TïeÚqT |�Ôáq+
#î+<�&�+ çbÍsÁ+_ó+#û³|�Î{ì¿ì (g = 10 MT/�d2 >±
rd�T¿Ã+&�). 2�d. ç|�jáÖDì+ºq ed�TïeÚ @ mÔáTïýË
�+³T+~?

kÍ<ó�q
2�döö ç|�jáÖD¿±\+ >·\ ed�TïeÚqT yîTT<�{ì<��,

1 �döö  ç|�jáÖD ¿±\+ >·\ ed�TïeÚqT Âs+&�e<��
nqTÅ£�+<�+. Âs+&�e ed�TïeÚ 1�d¿£qT ¿±\+ýË
ç|�jáÖDì+#û <�ÖsÁ+

h
2
= ½   gt2 = ½ × 10 × 12 = 5MT

yîTT<�{ì ed�TïeÚ 2 �döö ¿±\+ýË ç|�jáÖDì+#û <�ÖsÁ+
h

1 
nqTÅ£�+fñ h

1
= ½  gt2 = ½ ×10 × 22  = 20 MT

 ¿±eÚq Âs+&�e ed�TïeÚ C²sÁ$&�#û d�eTjáT+ýË,
yîTT<�{ì ed�TïeÚ uó�Ö �|�]Ôá\+ qT+&�
h = h

1
 – h

2
 = 20 – 5 = 15 MT. mÔáTïýË �+³T+~.

�<�V�²sÁD`4
25MT. mÔáTï >·\ uó�eq+ qT+&� �³¼�\TeÚ>± 20

MT/�d e&�ÔÃ ÿ¿£s�sTT� �|Õ¿ì $d¾s�sÁT. � s�sTT
uó�Ö$T� #ûsÁ&��¿ì m+Ôá d�eTjáT+ |�&�TÔáT+~.
(g = 10 MT/�d2  >± rd�T¿=q+&�)

at  t=1�d
h

1
=20MT

h
2
=5MT

|�³+`11

kÍ<ó�q: � ýÉ¿£ØqT kÍ~ó+#á&�+ýË |�³+:12 #áÖ|¾q
$<ó�+>± d�+C²ã kÍ+ç|�<�jáÖ�� bÍ{ì+#�*.

s�sTT� �|Õ¿ì @ _+<�Te<�Ý qT+#îÕÔû $d¾s�yîÖ, �
_+<�TeÚqT �¹sÝ¥Ôá _+<�TeÚ (point of  reference)>±
rd�T¿Ã+&�. � _+<�TeÚqT+&� �| Õ ~XøqT
<ó�H�Ôá�¿£+>±qT, ç¿ì+~ ~XøqT �TTD²Ôá�¿£+>±qT
rd�TÅ£�+<�+.

�ºÌq $\Te\T   u =  20MT/�d.

a = g = -10 MT/�d2

s = h = -25 MT. neÚÔ�sTT.

#á\q d�MT¿£sÁD+,    s = ut + ½ at2

- 25 = 20t - ½ x 10 x t2

-25 = 20t - 5 t2

-5 = 4t - t2

Þ t2 - 4t - 5 = 0
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Solving this equation,

We get, ( t - 5 ) ( t + 1 ) = 0

t = 5 or -1

t = 5s

The time it takes for the stone to reach

the ground is 5s.

Example 5

Find the time taken, by the body

projected vertically up with a speed of 'u',

to return back to the ground.

Solution

Let us take the equation s = ut + ½ a t2

For entire motion s = 0

Fig-13

a = - g

u = u

0 = ut - ½gt2

½gt2 = ut

t = 2u/g

5.4 Weight

Weight of a body is the force of

attraction on the body due to earth. So, from

Newton's second law of motion.

F
net 

= ma

We get,

W = mg

It is measured in newtons

1 kg body weighs 9.8 N

2 kg body weighs 19.6 N

10kg body weighs 98 N

g

u

up down

maximum

height point

Activity-5

Can we measure the weight of free-fall

body?

Let us find,

Fig-14 (a) Fig-14 (b)

Take a spring balance and suspend it to

the ceiling and put some weight to it. Note

the reading of the spring balance.  Now drop

the spring balance with load from certain

height to fall freely. Carefully observe the

change in the position of indicator on the

spring balance scale while it is in free-fall.

• What changes do you notice in the

readings of spring balance in above

two instances?

• Are the readings same? If not why?

Some of you might have the experience

of diving into a swimming pool from certain

height. (Don't try if you are not a swimmer).

• How do you feel during  free-fall of

your body from a height?

Activity-6

Observing the changes during the free-

fall of a body

g

g
Fig-15(a)                  Fig-15 (b)
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B�� kÍ~ó+#á>±,  ( t - 5 ) ( t + 1 ) = 0  ¿£qT¿£
t  =  5  ýñ<� –1 ¿±eÚq s�sTT uó�Ö$T� #ûsÁ&��¿ì
5�döö d�eTjáT+ |�³T¼qT.

�<�V�²sÁD ̀  5
'u' e&�ÔÃ �³¼�\TeÚ>± uó�Ö�|�]Ôá\+ qT+&� �|Õ¿ì

$d¾]q ed�TïeÚ uó�Ö$T�  Ü]Ð#ûsÁ&��¿ì m+Ôá
d�eTjáT+ |�&�TÔáT+~?
kÍ<ó�q

�|Õ¿ì $d¾]q ed�TïeÚ Ü]Ð $d¾]q kÍ�q+Å£�
#ûsÁT¿=qTqT ¿±eÚq kÍ�qçuó�+Xø+ S = O n>·TqT.

Ô=*yû>·+ u = u eT]jáTT a = –g

#á\q d�MT¿£sÁD+ S = ut + ½ a t2  qT+&�
O = ut - ½gt2

       ½gt2 = ut

                                t = 2u/g

5.4 uó²sÁ+ (Weight)

ed�TïeÚ�|Õ |��#û�d uó�ÖeÖ«¿£sÁüD �ý²�� »»uó²sÁ+µµ
(Weight) n+{²sÁT. ¿£qT¿£ qÖ«³H� Âs+&�e >·eTq
�jáTeTeTT qT+&�

F
net

 = ma ¿£qT¿£
uó²sÁeTT (W) = mg neÚÔáT+~
uó²s��� qÖ«³q¢ýË ¿=\TkÍï+.

1 ¿ì.ç>±. ç<�e«s�¥ >·\ ed�Tïuó²sÁ+9.8 qÖ«³qT¢ (N)

2 ¿ì.ç>±.ç<�e«s�¥ >·\ ed�Tïuó²sÁ+19.6 qÖ«³qT¢ (N)

10 ¿ì.ç>±.ç<�e«s�¥ >·\ ed�Tïuó²sÁ+98 qÖ«³qT¢ (N)

¿£�Ôá«+ - 5

�dÇ#�ÌÛ|�Ôáq ed�Tï uó²sÁ+ ¿=\e>·\eÖ?

     |�³+`14(m)     |�³+`14(_)
ÿ¿£ çd¾Î+>́ çÔ�d�TqT |�³+ 14(m) ýË #áÖ|¾q

$<ó�+>± @<îÕH� �<ó�sÁ+ qT+&� çyûý²&�BjáT+&�. <��¿ì
¿=+Ôáuó²s��� ÔáÐ*+#á+&�. çd¾Î+>́ çÔ�d�T ̄ &�+>·TqT
>·T]ï+#á+&�.  uó²sÁ+ ÔáÐ*+º �q� � çd¾Î+>́ çÔ�d�TqT
<��� �<ó�s Á+ qT+&� y ûs Á T#ûd ¾ �dÇ#áÌ Û>±
e~*yûjáT+&�. �dÇ#�ÌÛ |�Ôáq+ýË �q�|�ð&�T çd¾Î+>́
çÔ�d�T �dØ\T d�Öº¿£ kÍ�q+ýË eÖsÁTÌqT C²ç>·Ôáï>±
>·eT�+#á+&�.

�|Õ Âs+&�T d�+<�s�ÒÛ\ýË çd¾Î+>́ çÔ�d�T #áÖ�|
¯&�+>·T\ýË MT¹s+ eÖsÁTÎqT >·eT�+#�sÁT?
� $\Te\T d�eÖqeÖ? ¿±<�?

¿=+Ôá mÔáTï qT+&� #îsÁTeÚ ú{ìýË�¿ì ýñ<� d¾Ç$T�+>́
|�PýÙ ýË�¿ì <�Ö¿ìq nqTuó�e+ MTÅ£�+<�? (�Ôá
s�Å£�+&� �ý² <�Ö¹¿ ç|�jáTÔá�+ #ûjáT¿£+&�).

MTÅ£� � nqTuó�e+ �+fñ <�Ö¹¿ d�+<�sÁÒÛ+ýË
MT Xø̄ sÁ+ �d#�ÌÛ|�Ôáq d¾�ÜýË �q�|�Ú&�T MTsÁT
MT �sÁTeÚqT (uó²s���) >·T]ï+#á>·\T>·TÔáTH��s�?

¿£�Ôá«+ - 6

�dÇ#�ÌÛ|�Ôáq ed�TïeÚ `  È]¹> eÖsÁTÎ\T

g

u

�|Õ¿ì ¿ì+<�¿ì

>·]w�÷ �q�Ü _+<�TeÚ

|�³+`13

g

g
      |�³+`15(m)      |�³+`15(_)
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5.5 Centre of gravity

Activity-7

Balancing of objects

Fasten a fork, spoon, and wooden match

stick together as shown.  The combination

will balance nicely - on the edge of the glass

as shown in Fig-16. Why?

Acivity-8

Can you get up without bending?

Sit in a chair comfortably as shown in

fig-17. Try to get up from the chair without

bending your body or legs.

Fig-16: Balancing of fork

Take a transparent tray and make holes

on opposite sides. Take two or three rubber

bands and tie them tightly, close to each

other between the holes. Now place a stone

on the bands as shown in the figures 15(a)

and 15(b).

• Do the bands bend?

Now drop the tray with stone.

• Now what happens?

We get the following results in free

fall.

In spring - mass activity, the reading

becomes zero. In jumping, the man feels

weightlessness.  In the activity-6, the bands

are straight.  No stretch occurs in the rubber

bands.  We treated the weight of an object

as the force due to gravity upon it.

When in equilibrium on a firm surface,

weight is balanced by a support force or

when in suspension, by a supporting tension.

In either case with no acceleration, weight

equals to mg. A support force can occur

without regard to gravity.  The definition of

the weight of something is the net force it

exerts against a support.

• When is your weight equal to

mg?

• Give example of when your weight

is zero?

Fig-17

Think and discussS
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5.5 >·TsÁTÔáÇ¹¿+ç<�+
¿£�Ôá«+ - 7

¿=�� ed�TïeÚ\qT d�eTÔ�d¾�ÜýË (Balancing)

�+#á&�+

ÿ¿£ d�ÖÎH�, ÿ¿£ b�þsYØ eT]jáTT uó²sÁjáTTÔá ¿£&�¦\qT
ÿ¿£ >±¢d�T n+#áT�|Õ |�³+ýË #áÖ|¾q $<ó�+>± yîTTÔáï+
e«ed�� d�eTÔáT\« (balance) d¾�ÜýË �+&û³T¢ #ûjáT+&�.
¿=�� ç|�jáTÔ��\ Ôás�ÇÔá |�³+`16 ýË #áÖ|¾q
$<ó�+>± d�eTÔáT\« d¾�ÜýË �+&�bþÔ�sTT. B�¿ì
¿±sÁD+ @yîT® �+³T+~?

¿£�Ôá«+ - 8
e+>·Å£�+&� MTsÁT �|Õ¿ì ýñe>·\s�?

|�³+ 17ýË #áÖ|¾q $<ó�+>± Å£�¯ÌýË Å£LsÃÌ+&�.
¿±Þø¢qT eT]jáTT M|�ÚqT, q&�TeTT uó²>±\qT
e+#áÅ£�+&� |�³+ýË #áÖ|¾qd¾�ÜýËHû �+&� �|Õ¿ì
ýñe&��¿ì ç|�jáTÜ�+#á+&�.

|�³+`16

|�³+`17

 |�³+`15ýË #áÖ|¾q $<ó�+>± ÿ¿£ bÍsÁ<�sÁô¿£
çfñý²+{ì bÍçÔáqT rd�T¿=�, <�� m<�TÂs<�TsÁT
u ó � TC²\�| Õ s Á+ç<ó�\qT #ûjáT+&�. 2ýñ¿ £ 3
sÁ�ÒsÁTu²«+&�¢qT rd�T¿=� sÁ+ç<ó�\ eT<ó�« _>·Td�T>±
_Ð+#á+&�. � sÁ�ÒsÁT u²«+&�¢�|Õ ÿ¿£ s�sTT�
(|�³+`15(m), (|�³+`15(_)) #áÖ|¾q $<ó�+>±
�+#á+&�.

sÁ�ÒsÁT u²«+&�¢ýË @yîT®H� e+|�Ú ed�Tï+<�?
� d¾�ÜýË s�sTTÔÃ d�V�ä yîTTÔáï+ bÍçÔáqT
�dÇ#áÌÛ>± e~*q @$T ÈsÁT>·TqT?

�dÇ#áÌ Û |�Ôáq ed�TïeÚ |��*Ôá+ ¿ì+~ $<ó�+>±
�+³T+~.

çd¾Î+>́ çÔ�d�T`ç<�e«s�¥ ¿£�Ôá«+ýË, �dÇ#áÌÛ>±
çd¾Î+>́çÔ�d�T e~*q|�ð&�T <�� d�Öº d�TH�� ̄ &�+>·T
#áÖ|�ÚÔáT+~. eT�w¾ mÐ]q|�ð&�T ¿±� mÔáTïqT+&�
¿ì+~¿ì <�Ö¹¿³|�ð&�T ¿±� nÔá&�T »»uó²sÁsÁV¾²Ôád¾�ÜµµýË
�+{²&�T. ný²¹> ¿£�Ôá«+:6ýË bÍçÔáqT �dÇ#áÌÛ>±
e~*q|�Ú&�T s�sTT e\q sÁ�ÒsÁTu²«+&�¢ýË @sÁÎ&�q
e+|�Ú �+&�<�T. � |�]o\q\ <�Çs� MT¹s+ nsÁ�+
#ûd�TÅ£�H��sÁT. eTq+ uó�ÖeÖ«¿£sÁüD�ý²�� »»uó²sÁ+µµ
n+{²eT� Ôî\Td�TÅ£�H��+.

ÿ¿£ ed�TïeÚ @<îÕH� ¿ì�ÜÈ d�eÖ+ÔásÁÔá\+�|Õ
d�eTÔ�d¾�ÜýË �q�|�ð&�T � Ôá\+ ed�TïeÚ�|Õ
ç|�jîÖÐ+#û �\+ e\¢ uó²s��� >·T]ï+#á>·\T>·TÔ�+.
�< û$< ó �+>± ed � T ïe ÚqT d �eTÔ�d ¾ �ÜýË
çyûý²&�Bd¾q|�Ú&�T uó²s���, Ô�&�TýË >·\ Ôáq«Ôá e\¢
>·T]ï+#á>·\+. �|Õ Âs+&�T d�+<�s�ÒÛýË¢ ed�TïÔáÇsÁD+
XøSq«+ ¿£qT¿£ uó²sÁ+, �<ó�]Ôá �ý²�¿ì d�eÖq+.
nq>±  uó²sÁ+ n_ó\+� �\+ ýñ<� Ôáq«Ôá e+{ì
�ý²�¿ì d�eÖq+.

�ýËº+#á+&� - #á]Ì+#á+&�
ú uó²sÁ+ m|�ð&�T  "mg" Å£� d�eÖq+?

ú uó²s Á+ XøSq«eTjûT« d�+<�s�Ò Û\Å£�
�<�V�²sÁDqT �eÇ+&�.
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• Are we able to do so? If not

why?

Activity-9

5.6 Balancing a ladder

Try to balance a ladder on your

shoulder?

When does it happen?

We need to introduce the idea of

"Centre of gravity" to understand this

observation.

The center of gravity is simply the

average position of weight distribution.

The point where total weight appears to act

is called centre of gravity.

Activity-10

Locating centre of gravity

Take a meter scale.  Suspend it from

various points. What do you notice?

Suspend it from its mid point. What

happens?

The center of gravity of a uniform

object, such as meter scale, is at its

midpoint.  The stick behaves as if its entire

weight was concentrated at that point. The

support given to that single point gives

support to the entire scale. Balancing an

object provides a simple method of

locating its centre of gravity.

See the Fig-18. The many small arrows

represent the pull of gravity all along the

meter scale. All of these can be combined

into a resultant force acting through the

centre of gravity.

The entire weight of the scale may be

thought of as acting at this single point.

Hence we can balance the scale by applying

a single upward force at this point.

• How to find the center of gravity of

an object?

The center of gravity of any freely

suspended object lies directly beneath the

point of suspension.

If a vertical line is drawn through the

point of suspension, the center of gravity

lies somewhere along that line.  To

determine exactly where it lies along the

line, we have only to suspend the object

from the some other point and draw a

second vertical line through that point of

suspension.  The center of gravity lies

where the two lines intersect.

Balanced Upward

force due to finger

Weight

Fig-18

Fig-19
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�|Õ ~XøýË

uó²sÁ+

�|Õq Ôî*|¾q $<ó�+>± #ûjáT>·\s�? ýñ¿£bþÔû
m+<�TÅ£� #ûjáTýñsÁT?

¿£�Ôá«+ - 9

5.6 �#îÌqqT d�eTÔáT\« d¾�ÜýË �+#á&�+
�#îÌqqT ýñ<� bõ&�T>±{ì ¿£çsÁqT ú uó�TÈ+�|Õ

d�eTÔ�d¾�Üq+<�T �+#áT³Å£� ç|�jáTÜ�+#á+&�.
n~ m|�ð&�T ÈsÁT>·TÔáT+~?
�|Õ ¿£�Ô�«\qT ne>±V�²q #ûd�T¿=qT³ ¿=sÁÅ£�

eTq+ »»>·TsÁTÔáÇ¹¿+ç<�+µµ nHû uó²eqqT >·T]+º
Ôî\Td�T¿Ãy�*.

»»ÿ¿£ ed�TïeÚ yîTTÔáï+ uó²sÁ+ @ _+<�TeÚ >·T+&�
|��#ûd�Tï+<Ã � _+<�TeÚHû � ed�TïeÚ jîTT¿£Ø
>·TsÁTÔáÇ¹¿+ç<�+ n+{²+µµ. � _+<�TeÚ jîTT¿£Ø kÍ�q+,
ed�TïeÚ uó²sÁ+ @ $<ó�+>± $ÔásÁD #î+<��&� eÚq�<Ã
nHû <���|Õ �<ó�sÁ|�&� �+³T+~.

¿£�Ôá«+ - 10

>·TsÁTÔáÇ¹¿+ç<��� ¿£qT>=qT³
ÿ¿£ MT³sÁT �dØ\TqT rd�T¿=� <��� yûsÁT yûsÁT

_+<�TeÚ\ e<� Ý qT+&� Ô�&�T d�V �äjá T+ÔÃ
çyûý²&�BjáT+&�. @+ >·eT�+#�sÁT? �|�ð&�T �dØ\TqT
<�� eT<ó�«_+<�TeÚ qT+&� çyûý²&�BjáT+&�. @+
È]Ð+~? @+ Ôû&� >·eT�+#�sÁT?

d�eT¯Ü �dØ\T e+{ì ed�T ïeÚ\ jîTT¿ £ Ø
>·TsÁTÔáÇ¹¿+ç<�+ y�� eT<ó�«_+<�TeÚ\ e<�Ý �+&�TqT.�|Õ
�<�V�²sÁDýË MT³sÁT �dØ\T jîTT¿£Ø eT<ó�« _+<�TeÚ
e<�Ý �dØ\T uó²sÁ+ n+Ô� Å£L&� ¹¿+çB¿£�ÔáyîT® �q�³T¢
eTqÅ£� n�|¾d�Tï+~. � _+<�TeÚ e<�Ý �dØ\TÅ£�
eTq$TºÌq �<ó�sÁ+, �dØ\T yîTTÔ�ï�¿ì �<ó�s��ºÌ
�dØ\TqT ¿ì�ÜÈ d�eÖ+ÔásÁ+>± �+#áTÔáT+~. �
_+<�Tyû <�� >·TsÁTÔáÇ¹¿+ç<�+. � $<ó�+>± ed�TïeÚ\qT
@ _+<�TeÚ e<�Ý d�eTÔ�d¾�ÜýË �+#á>·\yîÖ
Ôî\Td�TÅ£�+fñ � ed�TïeÚ jîTT¿£Ø >·TsÁTÔáÇ¹¿+ç<���
�sÁ�sTT+#á>·\+.

|�³+`18 #áÖ&�+&�. �dØ\T�|Õ >·\ ç|�Üºq�
uó²>±�� uó�Ö$T �¿£]ükþï+~. y�{ì� ºq� ºq� u²D+
>·TsÁT ï\ÔÃ d�Öº+#�+. � ºq�, ºq��ý²\
|��*Ôá�\+ ÿ¿£ _+<�TeÚ e<�Ý |��#ûd�Tï+~. � _+<�Tyû
>·TsÁTÔáÇ ¹¿+ç<�+ (Centre of gravity) neÚÔáT+~.

�dØ\T yîTTÔáï+ uó²sÁ+ � _+<�TeÚ e<�Ý |��#ûd�Tï+<��
uó²$+#áe#áTÌ ¿£<�! �dØ\T jîTT¿£Ø �  _+<�TeÚ e<�Ý
�dØ\T uó²s��¿ì e«Ü¹s¿£~XøýË n+Ôû �ý²��
ç|�jîÖÐ+ºq|�ð&�T eTq+ �dØ\TqT d�eTÔ�d¾�Ü q+<�T
�+#á>·\+.

ÿ¿£ ed�TïeÚ jîTT¿£Ø >·TsÁTÔáÇ¹¿+ç<�+ �sÁ�sTT+#á&�+
mý²?
@<îÕH� �dÇ#áÌÛ>± çyûý²&�BjáT�&�q ed�TïeÚ jîTT¿£Ø

>·TsÁTÔáÇ¹¿+ç<�+ çyûý²&�BjáT�&�q _+<�TeÚ\Å£� HûsÁT>±
�+³T+~.

�dÇ#áÌÛ>± çyûý²&�Bd¾q @ ed�Tï >·TsÁTÔáÇ¹¿+ç<�yîT®H�,
çyûý²&�Bd¾q _+<�TeÚ qT+&� ̂ d¾q ¿ì�ÜÈ \+�eTT�|Õ
m¿£Ø&îÕH� �+&�e#áTÌ.

 >·TsÁTÔáÇ¹¿+ç<�eTTqT >·T]ï+#�\+fñ n<û ed�TïeÚqT
eTs=¿£ _+<�TeÚ �<ó�sÁ+>± çyûý²&�Bd¾, <�� qT+&�
¿ì�ÜÈ \+u²�� }V¾²+#�*. � Âs+&�T ¹sK\
K+&�q_+<�TeÚHû >·TsÁTÔáÇ¹¿+ç<�+>± rd�T¿Ãe#áTÌ.

|�³+`18

|�³+`19
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Key words

Activity-11

Identifying the center of gravity of a ring

Find the centre of gravity of ring using

the method explained in the above example.

• Where does the center of gravity of

a ring lie?

• Does the center of gravity of a body

exist outside the body?

• Does center of gravity of an object

exist at a point where there is no

mass of the object?

5.7 Stability

The location of the centre of gravity is

important for stability.  If we draw a line

straight down from the centre of gravity of

an object of any shape and it falls inside

the base of the object, then the object will

stable.

If the line through the center of gravity

falls outside the base then the object will

be unstable.

Activity-12

Shift of the center of gravity and its

effects

When you stand erect, where is your

centre of gravity?

Try to touch your toes as shown in fig.-

20 (a).  Try this again when standing against

a wall as shown in fig.- 20 (b).

• Are you able to touch your toes in

second case as shown in fig-20(b)?

If not why?

• What difference do you notice in the

center of gravity of your body in the

above two positions?

        Fig-20 (a)       Fig-20 (b)

• Where does the centre of gravity of a sphere and triangular lamina lie?

• Can an object have more than one centres of gravity?

• Why doesn't the leaning tower of Pisa topple over?

• Why must you bend forward when carrying a heavy load on your back?

Uniform circular motion, centripetal acceleration, centripetal force, centre

of gravity, law of gravitation, gravity weight, weightlessness, stability, free fall.

Think and discuss
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¿¡\¿£|�<�\T

¿£�Ôá«+ - 11

 ÿ¿£ ]+>·T >·TsÁTÔáÇ¹¿+ç<��� ¿£qT>=qT³

�|Õq #î|¾Îq |�<�ÆÜ� �|�jîÖÐ+º ]+>·T jîTT¿£Ø
>·TsÁTÔáÇ¹¿+ç<��� ¿£qT>=q+&�.

]+>·TÅ£� >·TsÁTÔáÇ¹¿+ç<�+ m¿£Ø&� �+³T+~?

<�� >·TsÁTÔáÇ¹¿+ç<�+ ed�TïeÚ�|Õ �+<�? ýñ<�
�jáT³ �+³T+<�?

ç<�e«s�¥ ýñ�#Ã³ ed�Tï >·TsÁTÔáÇ¹¿+ç<�+ �+&û
M\T+<�?

5.7 d¾�sÁÔáÇ+
ÿ¿£ ed�Tï d¾�sÁÔáÇ+, <�� >·TsÁTÔáÇ¹¿+ç<�+�|Õ �<ó�sÁ|�&�

�+³T+~. ed�Tï >·TsÁTÔáÇ¹¿+ç<�+ >·T+&� ^d¾q ¿ì�ÜÈ
\+�+, <�� �<ó�sÁ yîÕXæ\«+ >·T+&� bþsTTq|�ÚÎ&�T
� ed�TïeÚ d¾�sÁÔ�Ç�� ¿£*Ð�+³T+~.

ÿ¿£yûÞø >·TsÁTÔáÇ ¹¿+ç<�+ qT+&� ̂ d¾q \+�+ �<ó�sÁ
yîÕXæ\«+ qT+&� �jáT³Å£� eºÌq#Ã, � ed�TïeÚ
d¾�sÁÔ�Ç�� ¿ÃýËÎsTT |�&�bþÔáT+~.

¿£�Ôá«+ - 12

>·TsÁTÔáÇ¹¿+ç<�+ kÍ�q+ýË eÖsÁTÎ ̀  <�� |��*Ôá+
MTsÁT �{²sÁT>± �\�&�H�sÁqT¿Ã+&�. MT Xø̄ sÁ+

jîTT¿£Ø >·TsÁTÔáÇ ¹¿+ç<�+ m¿£Ø&� �+³T+~?

MTsÁT �\�&�q kÍ�q+ýË eTT+<�TÅ£� e+Ð |�³+
20(m) ýË #áÖ|¾q³T¢, MT ¿±*çyûÞø¢qT |�³T¼¿Ãe&��¿ì
ç|�jáTÜ�+#á+&�. Ôás�ÇÔá ÿ¿£ >Ã&�Å£� �qT¿=� |�³+
20(_)ýË #áÖ|¾q $<ó�+>± ¿±Þø�ß >Ã&�Å£� ��+º
�+º q&�TeTT �|Õ uó²>·+qT eTT+<�TÅ£� e+º MT
¿±*çyûÞø¢qT |�³T¼¿Ãe&��¿ì ç|�jáTÜ�+#á+&�.

Âs+&�e d�+<�sÁÒÛ+ýË MT ¿±*çyûÞøßqT eTT³T¼¿Ã
>·*>±s�? ýñ¿£bþÔû m+<�TÅ£�?

Âs+&�T d�+<�s�ÒÛ\ýË MT Xø¯sÁ >·TsÁTÔáÇ¹¿+ç<�+
jîTT¿£Ø kÍ�H�ýË¢ m³Te+{ì eÖsÁTÎ\qT
>·eT�+#�sÁT?

  |�³+`20: (m),   |�³+`20: (_)

�ýËº+#á+&� - #á]Ì+#á+&�
|�\T#á� d�eTÔá\ çÜuó�TC²¿±sÁ ed�TïeÚ eT]jáTT >ÃÞ²¿±sÁ ed�TïeÚ\ >·TsÁTÔáÇ¹¿+ç<�\T m¿£Ø&� �+{²sTT?
ed�TïeÚ¿ì ÿ¿£{ì ¿£+fñ mÅ£�Øe >·TsÁTÔáÇ ¹¿+ç<�\T �+&�e#�Ì?
»»|ÓkÍµµ nHû |�³¼D+ýË ÿ¿£ ³esY ¿=+#î+ y�* �+³T+~. nsTTq n~ |�&�bþe&�+ ýñ<�T. m+<�TÅ£�?
M|�Ú�|Õ n~ó¿£ uó²s��� yîÖ�d e«¿ìï m+<�TÅ£� ¿=+#î+ eTT+<�TÅ£� e+>·TÔ�&�T?

d�eT e�Ô�ï¿±sÁ #á\q+, n_ó¹¿+ç<�ÔáÇsÁD+, n_ó¹¿+ç<��\+, qÖ«³H� $XøÇ >·TsÁTÔ�Ç¿£sÁüD �jáTeT+,
�dÇ#�ÌÛ|�Ôáq+, >·TsÁTÔáÇÔáÇsÁD+, uó²sÁ+, uó²sÁsÁV¾²Ôád¾�Ü, >·TsÁTÔáÇ¹¿+ç<�+, d¾�sÁÔáÇ+, �dÇ#áÌÛ |�Ôáq+.
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• Motion of body with constant speed in a circular path is called uniform circular

motion.

• The acceleration which causes changes only in direction of the velocity of a body  in

circular motion is called centripetal acceleration and it is always  directed towards

the center of the circle.

• The net force required to keep a body in uniform circular motion is called "Centripetal

force". F
C
 = 

2Mv

R
.

• Every object in the universe attracts other bodies.  The force of attraction between

the bodies is directly proportional to the product of masses and inversely proportional

to the square of the distance between them.

• All the bodies have the same acceleration (9.8m/s2) near the surface of the earth.

But this acceleration slightly decreases as we move away from the surface of the

earth.

• A body is said to be in free fall when only gravity acts on it. (its acceleration  is 'g')

• Weight of an object is the force of gravity acting on it. W = mg

• During free fall condition, the body is in state of 'weightlessness'.

• The center of gravity is the point where total weight of the body acts.

• The body is in equilibrium when the weight vector goes through the base of the body.

I.  Reflections on concepts

1. How do you explain that an object is in uniform circular

motion (AS
1
)

2. Calculate the acceleration of the moon towards earth’s center. (AS
1
)

3. Explain universal law of gravitation. (AS
1
)

4. Explain some situations where the center of gravity of man lies outside the body.

(AS
1
)

5. Explain why a long pole is more beneficial to the tight rope walker if the pole has

slight bending.  (AS
7
)

What we have learnt

Improve your learning
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nuó�«d�H��� yîTsÁT>·T |�sÁT#áTÅ£�+<�+

d¾�sÁe&�ÔÃ e�Ô�ï¿±sÁeÖsÁZ+ýË #á*+#û ed�Tï #á\H��� d�eTe�Ô�ï¿±sÁ #á\q+ n+{²+.

ed�Tï yû>· ~XøýË eÖçÔáyûT �sÁ+ÔásÁ+>± eÖsÁTÎ rd�T¿=� e#ûÌ ÔáÇsÁD²�� n_ó¹¿+ç<�ÔáÇsÁD+ n+{²sÁT. B�
~Xø m\¢|�ð&�Ö e�Ôáï¹¿+ç<�+ yîÕ|�Ú �+³T+~.
ÿ¿£ ed�TïeÚqT d�eT e�Ô�ï¿±sÁ#á\q+ýË �+#á&��¿ì ç|�jáTÜ�+#û |��*Ôá�ý²�� n_ó¹¿+ç<� �\+ n+{²+.
F

C
 = Mv2 / R.

$XøÇ+ýË ç|�Üed�TïeÚ eTs=¿£ ed�TïeÚqT �¿£]üd�Tï+~. Âs+&�T ed�TïeÚ\ eT<ó�« �¿£sÁüD �\+ y�{ì
ç<�e«s�Xø�\ \u²Æ�¿ì nqTýËeÖqTbÍÔá+ýËqÖ, y�{ì eT<ó�« <�ÖsÁ es�Z�¿ì $ýËeÖqTbÍÔá+ýËqÖ
�+³T+~.

uó�Ö �|�]Ôáý²�¿ì <�>·ZsÁ>± #á*+#û n�� ed�TïeÚ\T ÿ¹¿ ÔáÇsÁD²�� ¿£*Ð �+{²sTT. � $\Te 9.8MT/�d2

Å£� d�eÖq+. ¿±� eTq+ uó�Ö$T qT+&� <�ÖsÁ+>± yî[ßq|�ð&�T � $\Te ¿=+Ôá eÖsÁTÎ eÚ+³T+~.

ÿ¿£ ed�TïeÚ�|Õ uó�ÖeÖ«¿£sÁüD �\+ eÖçÔáyûT |��#ûd�Öï �+fñ � ed�TïeÚqT »»�dÇ#�ÌÛ|�Ôáq ed�TïeÚµµ n+{²s.
ed�TïeÚ�|Õ |��#û�d uó�ÖeÖ«¿£sÁüD �ý²�� »»uó²sÁ+µµ n+{²sÁT.

W = mg

�dÇ#�ÌÛ |�Ôáqd¾�ÜýË ed�TïeÚ »»uó²sÁsÁV¾²Ôá d¾�ÜµµýË �+³T+~.

ÿ¿£ ed�TïeÚ jîTT¿£Ø yîTTÔáï+ uó²sÁ+ @ _+<�TeÚ >·T+&� |��#ûd�Tï+<Ã � _+<�TeÚHû � ed�TïeÚ jîTT¿£Ø
>·TsÁTÔáÇ¹¿+ç<�+ n+{²s.

ed�Tï >·TsÁTÔáÇ¹¿+ç<�+ qT+&� ̂ d¾q ¿ì�ÜÈ \+�+, <�� �<ó�]Ôá yîÕXæ\« uó²>·+ >·T+&� bþsTTq#Ã � ed�TïeÚ
d�eTÔ�d¾�ÜýË ýñ¿£ d¾�sÁÔáÇ+ýË �+³T+~.

I. uó²eq\�|Õ ç|�Üd�Î+<�q\T:

1. ÿ¿£ ed�TïeÚ d�eTe�Ô�ï¿±sÁ #á\q+ýË �+<�� mý²
#îbÍïsÁT? (AS

1 
)

2. uó�Ö ¹¿+ç<�+yîÕ|�Ú #á+ç<�T� ÔáÇsÁD²�� ýÉ¿ìØ+#á+&�. (AS
7
)

3. $XøÇ>·TsÁTÔ�Ç¿£sÁüD �jáTeT+ $e]+#á+&�. (AS
1
)

4. @ @ d�+<�s�ÒÛýË¢ eT�w¾ >·TsÁTÔáÇ¹¿+ç<�+ Ôáq qT+&� �jáT³Å£� ed�Tï+<Ã ¿=�� �<�V�²sÁD\ÔÃ
$e]+#á+&�.(AS

1 
)

5. Ô�&�T�|Õ q&�#û e«¿ìï bõ&�yîÕq, e+|�Ú >·\ ¿£çsÁqT m+<�TÅ£� �|�jîÖÐkÍï&�T ? $e]+#á+&�. (AS
1 
, AS

7
)

eTqyûT+ HûsÁTÌÅ£�H��+?
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II.  Application of concepts

1. A car moves with constant speed of 10 m/s in a circular path of radius 10m.  The

mass of the car is 1000 kg. How much is the required centripetal force for the car?

(Ans:104N) (AS
1
)

2. A ball is projected vertically up with a speed of 50 m/s. Find  the maximum height,

the time to reach the maximum height, and the speed at the maximum height

(g=10 m/ s2)  (AS
1
)  (Ans: 125m; 5s; zero)

3. Two spherical balls of mass 10 kg each are placed with their centers 10 cm apart.

Find the gravitational force of attraction between them.  (AS
1
)  (Ans: 104G. Newton)

4. A ball is dropped from a height.  If it takes 0.2s to cross the last 6m before hitting

the ground, find the height from which it is dropped. Take g = 10m/ s2  (AS
1
)

(Ans: 48.05m)

5. What path will the moon take when the gravitational interaction between the moon

and earth disappears? (AS
2
)

6.  Why is it easier to carry  the same amount of water in two buckets, one in each hand

rather than in a single bucket? (AS
7
)

III.  Higer Order Thinking questions

1. A man is standing against a wall such that his right shoulder and right leg are in contact

with the surface of the wall along his height. Can he raise his left leg at this position

without moving his body away from the wall? Why? Explain. (AS
7
)

2. An apple falls from a tree.  An insect in the apple finds that the earth is falling towards

it with an acceleration 'g'.  Who exerts the force needed to accelerate the earth with

this acceleration?  (AS
7
)

1. The acceleration which  can change only the direction of velocity of a body is called

[ ]

a) Acceleration due to gravity b) Uniform acceleration

c) Centripetal acceleration d) Deceleration

2. The distance between the Earth and the Moon is [ ]

a) 3,84,400 Km b) 3,84,400 cm

c) 84,000 Km d) 86,000 Km

Multiple choice questions
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II. uó²eq\ nqTesÁïH�\T

1. 10MT. y�«kÍsÁ�+ >·\ e�Ô�ï¿±sÁ eÖsÁZ+ýË 1000 ¹¿.J\ ¿±sÁT 10MT/�d. e&�ÔÃ #á*d�Tïq�~. <��¿ì
¿±e\d¾q n_ó¹¿+ç<� �\+ m+Ôá?  (104N) (AS

1
)

2. 50MT/�d.ÔÃ ÿ¿£ �+Ü� �³¼�\TeÚ>± �|Õ¿ì $d¾s�+. n~ #û¹s >·]w�¼ mÔáTï, � mÔáTï #ûsÁ&��¿ì |�fñ¼ ¿±\+
eT]jáTT >·]w�¼ mÔáTï e<�Ý <�� yû>±\qT ¿£qT¿ÃØ+&�? (AS

1 
)  (g = 10MT/�d2) ( 125MT; 5�d; zero)

3. 10 ¿ìýË ç>±eTT\ ç<�e«s�¥ >·\ Âs+&�T >ÃÞ²¿±sÁ ed�Tï¹¿+ç<�\ eT<ó�«<�ÖsÁ+ 10�d+.MT. y�{ì eT<ó�« >·\
>·TsÁTÔ�Ç¿£sÁüD �\+ m+Ôá? (AS

1 
) (104G ` qÖ«³H�)

4. ÿ¿£ �+Ü� ¿=+Ôá mÔáTï qT+&� C²sÁ$&�#�+. n~ Hû\qT Ô�¹¿ eTT+<�T ºe] 6MT. <�Ös��� 0.2�d¿£qTýË¢
<�{ìÔû � �+Ü m+Ôá mÔáTï qT+&� C²sÁ$&�#�yîÖ ¿£qT¿ÃØ+&�. (g = 10MT/�d2 >± rd�T¿=q+&�.)

 (AS
1 
)   (48.05 MT)

5. uó�Ö$T eT]jáTT #á+ç<�T� eT<ó�« >·TsÁTÔ�Ç¿£sÁüD �\+ |��#ûjáT¿£bþÔû #á+ç<�T� >·eTq eÖsÁZ+ mý²
�+³T+<Ã }V¾²+º s�jáT+&�. (AS

2
)

6. ú{ìÔÃ �+|¾q ÿ¿£ �Â¿{ÙqT yîÖjáT³+ ¿£+fñ ú{ìÔÃ �+|¾q Âs+&�T �Â¿{Ù\qT Âs+&�T #ûÔáT\ÔÃ yîÖjáT³+
d�T\uó�+ m+<�TÅ£�?(AS

7
)

III.  �ýË#áH�Ôá�¿£ ç|�Xø�\T

1. ÿ¿£ e«¿ìï Ôáq Å£�&� uó�TÈ+ eT]jáTT Å£�&�¿±\T >Ã&�Å£� ��+º �H��&�T. � d¾�ÜýË nÔáqT >Ã&�Å£�
��+#áÅ£�+&� �q� Ôáq m&�eT ¿±\T� �|Õ¿ì ýñ|�>·\&�? m+<�TÅ£�? $e]+#á+&�.  (AS

7 
)

2. ÿ¿£ #î³T¼ qT+&� �|¾ýÙ C²]|�&�+~. �|¾ýÙ�|Õ qTq� ÿ¿£ ºq� NeT, uó�Ö$T ÔáqyîÕ|�Ú g ÔáÇsÁD+ÔÃ
#á*d�Tï+<�� >·eT�+º+~. uó�Ö$T �È+>± #á*d�Tï+<�? ÿ¿£ yûÞø #á*�dï uó�Ö$T¿ì � ÔáÇsÁD+ bõ+<�&��¿ì
<���|Õ |��#û�d �\+ @$T{ì? (AS

7
)

1. yû>·+ jîTT¿£Ø  ~XøqT eÖçÔáyûT eÖ¹sÌ ÔáÇsÁD+ [ ]

a)  >·TsÁTÔáÇ ÔáÇsÁD+ b)  d�eT ÔáÇsÁD+

c)  n_ó¹¿+ç<� ÔáÇsÁD+ d)  �TTDÔáÇsÁD+

2. uó�Ö$T¿ì, #á+ç<�T&�¿ì eT<ó�« <�ÖsÁ+ [ ]

a) 3,84,400 ¿ì.MT. b) 3,84,400 �d+.MT.

c) 84,000 ¿ì.MT. d) 86,000 ¿ì.MT.

�V�QÞèÕºÌÛ¿£ ç|�Xø�\T
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3. The value of Universal Gravitational Constant is [ ]

a)6.67 x 10-11N.m2Kg-2 b) 9.8 m/ Sec 2

c) 6.67 x 10-12N.m2Kg-2 d)  981 m/ Sec2

4. The weight of an object whose mass is 1 Kg is [ ]

a) 1 Kg/m2 b) 9.8 m/Sec2 c) 9.8 N d) 9.8 N/m2

Suggested Experiments

1. Conduct an experiment to find the Centre of Gravity of an object and write a report.

2. Conduct an experiment to find 2

2s

t
 value for a freely falling body and also find the

value of 'g'.

Suggested Projects

1. Collect the information about the base area and stability of some objects with different

shapes and write a report.

2. Collect information about the path of revolution of moon around the earth and write

a report.

Suggested Experiments

Suggested Projects
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3. $XøÇ>·TsÁTÔ�Ç¿£sÁüD d¾�s�+¿£+ $\Te [          ]

a) 6.67 I 10`11 
NM2Kg-2 b) 9.8 m/s-2

c) 6.67 I 10`12
NM2Kg-2 d) 981 m/s-2

4. 1 ¿ì.ç>±. ç<�e«s�¥ >·\ ed�TïeÚ uó²sÁ+ [ ]

a) 1 Kg/m-2 b) 9.8 m/s-2 c) 9.8 N d)  9.8 N/m2

ç|�jîÖ>±\T

1. ÿ¿£ ed�TïeÚ jîTT¿£Ø >·TsÁTÔáÇ ¹¿+ç<��� ¿£qT>=Hû @<û� ç|�jîÖ>±�� #ûd¾ �yû~¿£ s�jáT+&�.

2. �dÇ#�ÌÛ |�Ôáq ed�TïeÚÅ£� 
2

2s

t
 ¿£qT>=Hû ç|�jîÖ>·+ �sÁÇV¾²+º, g $\TeqT ¿£qT>=q+&�.

çbÍCÉÅ£�¼\T

1. MTsÁT $$<ó� ed�TïeÚ\ �s��D²\qT |�]o*+º, y�{ì �<ó�sÁ yîÕXæ\«+ ` d¾�sÁÔáÇ+ d�+�+~ó+ºq d�eÖ#�s���
çbÍCÉÅ£�¼ �yû~¿£ýË Ôî\Î+&�.

2. uó�Ö$T #áT³Ö¼ #á+ç<�T&�T ¿£~ýñ eÖs�Z�¿ì d�+�+~ó+ºq d�eÖ#�s��� �d¿£]+º �yû~¿£ sÁÖbõ+~+#á+&�.
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Chapter

6 IS MATTER PURE?

You might have gone to the market

many times with your parents to purchase

rice, salt, milk, ghee and other provisions.

You must have tried to ensure that you got

the purest possible milk and pure ghee etc.

In our day to day language, ‘pure’ means

something with no adulteration. But in

chemistry pure means  something different.

Let us find out what is pure in chemistry.

Activity-1

6.1 Is full cream milk pure?

Take some milk in a vessel. Spin it with

a milk churner for some time.  (See fig-1)

Fig-1: Churning of milk

After some time, you observe

separation of a paste like solid out of the

milk. This paste like solid called cream. So

full cream milk contains more than one

component like fat and water. It is therefore

a mixture.  We have already studied about

mixtures in previous classes. Let us learn

more about them.

Fig-1(A): Centrifuge

Churning makes the lighter components

to come to the surface when  a mixture of

liquids are spun rapidly. Commercially

for separating the cream from milk, a

machine called centrifuge is used. It

follows the same principle. Centrifugation

is also used in a

diagnostic laboratory, to

test blood and urine

samples. The sample is

taken in a centrifugation

tube and the

centrifugation tube is

placed in a centrifugation machine. On

rotation of the tubes with machine, the

heavier particles settle to the bottom and

the lighter particles come to  the top of

the test tube.

Think and discuss

How does a laundry dryer squeeze out

water from wet clothes?

6.1.1 What is a mixture?

Many things that we call pure are

actually mixtures of different

substances.

Think and discuss
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n<ó�«jáT+

6
eTq #áT³Ö¼ �q� |�<�sÁ�+

Xø�<�ÆyûTH�?

ç<�e $TçXøeÖ\qT ¿£eÇ+ÔÃ yû>·+>± º*¿ìq|�ð&�T
(Churning) Ôû*¿£bÍ{ì ¿£D²\T ç<�y�\ �|Õ uó²>±��
#ûsÁTÔ�sTT. eTq �+&�¢ýË  bÍ\ qT+&� yîq� rjáTT³Å£�
�|�<�ÆÜ� �|�jîÖÐkÍï+. y�«bÍs�Ôá�¿£+>± bÍ\
qT+&� yîq�rjáTT³Å£� n|�¹¿+ç<� jáT+çÔá+ (centrifuge)

qT y�&�TÔ�sÁT. �~ Å£L&�
n<û d�ÖçÔ��� nqTd�]d�Tï+~.
yîÕ<�«Xæ\ýË sÁ¿£ ï, eTÖçÔá
qeTÖH�\qT |�̄ ¿ì�+#áT³Å£�
n|� ¹¿+ç< � jáT+çÔ�\qT
�|�jîÖÐkÍïsÁT. ÿ¿£ |�̄ ¿£�
H�[¿£ýË |�¯¿ì�+#áe\d¾q

qeTÖH�qT rd�T¿=� <��� n|�¹¿+ç<� jáT+çÔá+ýË
�|&�Ô�sÁ T. uó²sÁj áTTÔ á ¿ £D²\T |�¯¿£ �H�[¿ £
n&�T>·Tuó²>±�¿ì �\+>± ÔÃd¾yûjáT�&�, Ôû*¿£bÍ{ì
¿£D²\T�|Õ uó²>·+ýË �+&�bþÔ�sTT.

�ýËº+#á+&�̀ #á]Ì+#á+&�

ý²+ç&�ç&îÕjáTsY (Laundry dryer) Ôá&� �³¼\ qT+&�
ú{ì� mý² yûsÁT#ûd�Tï+~?

6.1.1 $TçXøeT+ (Mixture) nq>± Hû$T?
eTq+ Xø�<�ÆyîT®q$>± uó²$+#û mHÃ� |�<�s��\T

�C²�¿ ì $$< ó �  | �<�s� �\ $T çX øeÖý ñ .

MTsÁT, MT Ôá*¢<�+ç&�T\ÔÃ ¿£*d¾ _jáT«+,
�|�ð,bÍ\T,HîsTT« yîTT<�\>·Tq$ ¿=q&��¿ì eÖÂsØ{ÙÅ£�
yîÞâ¢ �+{²sÁT. Xø�<�ÆyîT®q bÍ\T, HîsTT«� ¿=q&��¿ì
ç|�jáTÔá�+ #û�d �+{²sÁT. eTq <îÕq+~q uó²w�ýË
»»Xø�<�Æ |�<�sÁ�+µµ (pure substance) nq>± m³Te+{ì
¿£©ï ýñ� |�<�sÁ�+. ¿±� sÁkÍjáTqXæçd�ï |�]uó²w�ýË »Xø�
<�ÆÔáµ (pure)Å£� yû¹s nsÁ�eTT+~.

sÁkÍjáTqXæçd�ï+ýË Xø�<�ÆÔá (pure) n+fñ @$T{Ë
#áÖ<�Ý+!

¿£�Ôá«+ ` 1
6.1 yîq� rjáT� bÍ\T Xø�<�ÆyîT®qy�?

ÿ¿£ bÍçÔáýË bÍ\T rd�T¿=�, ¿£eÇ+ÔÃ ¿=~Ý�d|�Ú
º\¿£+&� (|�³+`1#áÖ&�+&�).

�ý² º*¿ìq  ¿=+Ôá�d|�{ì¿ì yîTÔáï�, º¿£Ø{ì
|� �Tq|�<�sÁ �+>± yîq� (Cream) bÍ\ qT+&�
yûsÁT¿±e&��� MTsÁT >·eT�kÍïsÁT. B���{ì¼ bÍ\ýË
ÿ¿£{ì ¿£+fñ mÅ£�Øe nqT|��T³¿±\T �+{²jáT�
#î|�Îe#áTÌ. n+<�Te\q �~ ÿ¿£ $TçXøeT |�<�sÁ�+.
eTq+  ç¿ì+~ ÔásÁ>·ÔáT\ýË $TçXøeÖ\ (mixtures)
>·T]+º ¿=+Ôá Ôî\Td�T¿=H��+. �|�Ú&�T y�{ì >·T]+º
eT]+Ôá $esÁ+>± Ôî\Td�TÅ£�+<�+.

|�³+`1: ¿£eÇ+ÔÃ bÍ\qT º\¿£&�+

n|�¹¿+ç<� jáT+çÔá+
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Juice is a mixture of water, sugar and fruit

pulp. Even water we drink contains some

salts and minerals. All the matter around

us can be classified into two groups – pure

substances and mixtures.

When a scientist says that something

is pure, he means that the composition of

the substance doesn’t change, no matter

which part of the substance you take  for

examination.

For example, whichever part of a pure

gold biscuit is taken as a sample, the

composition is found to be same

throughout. (See fig.-.2)

Fig-2: Pure gold biscuit

But, the composition in mixtures is not

always same. The composition in some

mixtures change, depending on the part you

have taken as a sample.

Fig-3: Mixture

A mixture is generally made of two or

more components that are not chemically

combined. The substances in a mixture

retain their own properties, and they can

be physically separated.

• What would you notice from the

fig.-4a and 4b?

Fig-4: (a) Pure substance   4(b) Mixture

6.2 Types of mixtures

You have learnt about a mixture.  Do

you know the types of mixtures? What are

they? Let’s find out.

Mixtures can be in solid, liquid

gaseous states or the combination of these

three states.

Activity-2

Finding out homogeneous and

heterogeneous mixtures

Take two test tubes, Now add one tea

spoon of salt to both the test tubes. Fill one

test tube with water and other with kerosene

and stir them.

• What do you notice ?

In the first test tube you can observe

that the salt dissolves completely. Such

types of mixtures are called homogeneous

mixtures. In other test tube salt is not

dissolved. What do you conclude from

this? Think!

In a homogeneous mixture the

components of mixture are uniformly

distributed throughout the bulk. The

components of a homogeneous mixture are

too intimately mixed up that it will be

difficult to distinguish them from one

another by visual observation. For example

air is a homogeneous mixture of many

gases.
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eTq+ çÔ�¹> |�+&�¢  sÁd�+ nHû~ #áÂ¿ØsÁ, úsÁT,
|�+&�T>·TE\̈ (fruit pulp) $TçXøeT+. ný²¹> eTq+
çÔ�¹> ú{ìýË Å£L&� ¿=�� K�È \eD²\T ¿£]Ð
�+{²jáT� eTqÅ£� Ôî\Td�T. eTq#áT³Ö¼ �q�
|�<�s��\qT (matter) Âs+&�T sÁ¿±\T>± e Z̄¿£]+#áe#áTÌ.
n$ Xø�<�Æ |�<�s��\T, $TçXøeT|�<�s��\T.

Xæ�d�ïyûÔáï\T @<îÕH� |�<�sÁ�+ Xø�<�ÆyîT®q<�� #îbÍÎsÁ+fñ,
� |�<�sÁ�+ jîTT¿£Ø @ uó²>·+ qT+&� rd�TÅ£�q�
qeTÖH�ýËHîÕH� d�+|��T³q+ýË eÖsÁTÎ �+&�<�T.

�<�V�²sÁDÅ£� Xø�<�ÆyîT®q �+>±sÁ+ _�dØ{Ù qT+&�
@ d�Ö¿£�� uó²>±�� qeTÖH�>± rd�T¿=� |�]o*+ºH�
d�+|��T³q+  ÿ¹¿ý² �+³T+~. (|�³+`2 #áÖ&�+&�)

|�³+`2 : Xø�<�ÆyîT®q �+>±sÁ+ _�dØ{Ù

¿±ú $TçXøeÖ\ýË m\¢|�ð&�Ö d�+|��T³q+ ÿ¹¿
$<ó�+>± �+&�<�T. ¿=�� $TçXøeÖ\ d�+|��T³q+ eTq+
qeTÖH�>± rd�T¿=Hû uó²>±�� �{ì¼ eÖsÁTÔáT+~.

|�³+`3: $TçXøeT+

kÍ<ó�sÁD+>± Âs+&�T ýñ<� n+Ôá¿£+fñ mÅ£�Øe sÁ¿±\
sÁkÍjáTq d�+jîÖ>·+ #î+<�� n+ouó�ÖÔ�\ ¿£\sTT¿£
<�Çs� @sÁÎ&�q |�<�s�Ý�� »»$TçXøeT+µµ (mixture)
n+{²+. n+fñ ÿ¿£ $TçXøeT+ýË� |�<�s��\T uó�Ü¿£
¿£\sTT¿£>±Hû �+{²jûT>±ú sÁkÍjáTq d�+jîÖ>·+>±
�+&�eÚ.

|�³+`4(m) eT]jáTT 4(_)\ qT+&� MTsÁT @$T
>·eT�+#�sÁT?

|�³+`4:(m) Xø�<�Æ |�<�sÁ�+ |�³+`4(_)$TçXøeT+

6.2 $TçXøeÖ\ sÁ¿±\T (Types of mixtures)

$TçXøeT+ n+fñ @$T{Ë Ôî\Td�TÅ£�H��+.
$TçXøeÖ\ sÁ¿±ýñyÃ  MTÅ£� Ôî\TkÍ?  �|�ð&�T eTq+
y�{ì� #á]Ì<�Ý+.

$TçXøeÖ\T |��Tq, ç<�e, y�jáTT d¾�ÔáT\ýË  ýñ<�
� eTÖ&�Td¾�ÔáT\ ¿£\sTT¿£>± �+&�e#áTÌ.

¿£�Ôá«+ ` 2
d�C²rjáT, $C²rjáT $TçXøeÖ\qT >·T]ï+#áT³

Âs+&�T |�̄ ¿£�H�[¿£\qT rd�T¿=�, ÿ¿£<��ýË ú{ì�
Âs+&�e <��ýË ¿ìsÃd¾H�qT ¿=+ÔáesÁÅ£� bþjáT+&�. Âs+&�T
|�̄ ¿£� H�[¿£\ýË ÿ¿£ #î+#� �|�ðqT yûd¾ u²>± ¿£\|�+&�.
 Âs+&�T |�̄ ¿£�H�[¿£\ýË @ eÖsÁTÎ\T >·eT�+#�sÁT ?

yîTT<�{ì |�̄ ¿£� H�[¿£ýË >·\ ú{ìýË �|�ð |�P]ï>±
¿£sÁ>·&�+ >·eT�+#áe#áTÌ. � sÁ¿£yîT®q $TçXøeÖ��
»»d�C²rjáT $TçXøeT+µµ (Homogeneous mixture)
n+{²+. Âs+&�e |�̄ ¿£� H�[¿£ýË >·\ ¿ìsÃd¾H�ýË
�|�ð ¿£sÁ>·<�T. B� qT+&� MT¹s+ �s�ÆsÁDÅ£� e#�ÌsÁT?
�ýËº+#á+&�.

$TçXøeT+ýË �+&û n+ouó�ÖÔ�\T � $TçXøeT+
n+Ôá{² @¿£̄ Ü>± $d�ï]+º �+fñ � $TçXøeÖ��
»d �C²rjáT $TçXøeT+µ n+{²+. d�C²rjáT
$TçXøeÖ\ýË� n+ouó�ÖÔ�\T (Components) eTq+
y�{ì� ¿£+{ìÔÃ yûsÁTyûsÁT>± >·T]ï+#áýñ� $<ó�+>±
d�+jîÖ>·+ #î+~ �+{²sTT. �<�V�²sÁDÅ£� >±* nHû¿£
y�jáTTeÚ\ d�C²rjáT $TçXøeT+.
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We all prepare a drink ‘lemonade’  and

enjoy its taste. It is a mixture of water,

sugar, lemon juice and salt. Is it

homogeneous or not? If you  taste a

spoonful of lemonade, it tastes the same

throughout. The particles of sugar lemon

juice and salt are evenly distributed in this

solution and we cannot see the components

separately. We call such mixtures as

homogeneous mixtures.

• Can you give few more examples  of this

kind?

You have observed in the above activity

the salt added to kerosene has not dissolved

in it. Mixtures of this type are called

heterogeneous mixtures.

Heterogeneous mixture is a mixture

made up of different substances. Which are

not uniformly distributed in it. For example

the mixtures “oil and water’’,  “naphthalene

and water’’ are heterogeneous mixtures.

Thus we can conclude that mixtures are

two types homogeneous and heterogeneous.

Do you know that these can again be

classified into different kinds? Let us find

out.

6.3 Solutions
All of us enjoy drinking soda water and

lemonade. We know that they are

examples of  homogeneous mixtures. The

homogeneous mixture of two or more

substances is called a solution. Solutions

can be in the form of solids, liquids, or

gases. A solution has minimum two

components, a solvent and a solute.The

component of the  solution that dissolves

the other component in it (usually the

component present in larger quantity) is

called solvent. The component of solution

usually the component present in lesser

quantity that is dissolved in the  solvent is

called  solute.

A  solution of sugar is  prepared by

dissolving the sugar in water.  In this

solution, sugar (solid) is the solute and

water (liquid) is the solvent. In the solution

of iodine in alcohol (tincture of iodine)

iodine (solid) is the solute and alcohol

(liquid) is the solvent. All the aerated drinks

are liquid solutions containing carbon

dioxide (gas) as solute and water as solvent.

Can you give some more examples for

solutions and tell the solute and solvent

present in those solutions?

Think and discuss

 •“All the solutions are mixtures, but not

all mixtures are solutions”. Discuss

about the validity of  the statement and

give reasons to support your argument.

 •Usually we think of a solution as a

liquid that contains either a solid, liquid

or a gas dissolved in it. But, we can have

solid solutions. Can you give some

examples?

Properties of a solution

In a solution the particles are  so small

in size that we cannot see them with our

naked eyes. They do not scatter a beam of

light passing through the solution and hence

the path of light is not visible in a solution.

• Can you prove this with an experiment?

• If the solution is diluted, can the path of

light be visible?

One more interesting property of

solution is that, the solute particles do not

settle down when left undisturbed.  Can you

give a reason? If the solute particles are

settling down in a solution can we call it as

a homogeneous mixture?
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 eTqeT+<�sÁ+ �eT�¿±jáT w�sÁÒÔYqT ÔájáÖsÁT#ûd¾
Ô�Ð �q+~kÍï+. �~ úsÁT, �eT�sÁd�+, #áÂ¿ØsÁ,
�|�ð\ $TçXøeT+. �~ d�C²rjáTeÖ? ¿±<�? ÿ¿£
ºq� fñ�TýÙd�ÖÎH� sÁd�+ sÁTº#áÖ�dï  @ sÁTº �+³T+<Ã
n<û sÁTº � sÁd�+ n+Ôá{² �+³T+~. �+<�TýË
ú{ìýË ¿£]Ðq #áÂ¿ØsÁ, �eT�sÁd�+, �|�ð ¿£D²\T
ç<�eDeT+Ô� ÿ¹¿ý² y�«|¾+º �+{²sTT. M{ì�
$&�$&�>± #áÖ&�ýñ+. �³Te+{ì $TçXøeÖ\qT
d�C²rjáT $TçXøeÖ\T n+{²+.

d�C²rjáT $TçX øeÖ\Å £� MTs ÁT ¿=��
�<�V�²sÁD\T �eÇ>·\s�?

�|�ð ¿ìsÃd¾H�ýË ¿£sÁ>·<�� eTq+ �|Õ ¿£�Ôá«+ýË
|�]o*+#�+. � $<ó�yîT®q $TçXøeÖ�� $C²rjáT
$TçXøeT+ (Heterogeneous mixture) n+{²+.

ÿ¿£ $TçXøeT+ýË _óq� |�<�s��\T ¿£*d¾q|�Î{ì¿¡,
d�C²rjáT $TçXøeT+ @sÁÎsÁ#á¿£bþsTTq³¢sTTÔû �
$TçXøeÖ�� $C²rjáT $TçXøeT+ n+{²+. qÖHî `
úsÁT\ $TçXøeT+, H�|��ï©H�̀ úsÁT\ $TçXøeÖ\T $C²rjáT
$TçXøeÖ\Å£� �<�V�²sÁD\T>± #î|�Îe#áTÌqT.

nq>± $TçXøeÖ\T Âs+&�T sÁ¿±\� n$ d�C²rjáT,
$C²rjáT $TçXøeÖ\� eTq+ #î|�Îe#áTÌ. M{ì�
�+¿± ¿=�� sÁ¿±\T>± $uó��+#áe#áÌ� MTÅ£� Ôî\TkÍ?
�|�ð&�T y�{ì� >·T]+º Ôî\Td�T¿=+<�+!
6.3 ç<�eD²\T (Solutions)

eTq+ kþ&� ú{ì�, �eT �s ÁkÍ�� Ô�Ð
�q+~d�Tï+{²+. �$ d�C²rjáT $TçXøeÖ\Å£�
�<�V�²sÁD\� eTqÅ£� Ôî\Td�T. Âs+&�T ýñ<� n+Ôá¿£+fñ
mÅ£�Øe |�<�s��\ d�C²rjáT $TçXøeÖ�� »ç<�eD+µ
n+{²+.  ç<�eD²\T |��Tq, ç<�e,  y�jáTT sÁÖbÍýË¢
�+&�e#áTÌ. ç<�eD+ nHû~ ç<�$Ôá+ (Solute),

ç<�eDì (Solvent) nHû Âs+&�T ýñ<� n+Ôá¿£H�� mÅ£�Øe
nqT|��T³¿±\ d�C²rjáT $TçXøeT+. ç<�eD+ýË
ÔáÅ£�Øe |�]eÖD+ýË ¿£]Ð �q� |�<�s���� ç<�$Ôá+
n�, mÅ£�Øe |�]eÖD+ýË �+&� ¿£]Ð+#áT¿=Hû
|�<�s���� ç<�eDì n� n+{²s.

#áÂ¿ØsÁ ç<�eD+ýË #áÂ¿ØsÁ ç<�$Ôá+, úsÁT ç<�eDì.
n<û$<ó�+>± {ì+¿£ÌsY njîÖ&�H� (tincture of iodine)
ç<�eD+ýË njîÖ&�H� ç<�$Ôá+, �\ØV�äýÙ ç<�eDì.
oÔá\ bÍújáÖ\T (Areated drinks) ¿±sÁÒH�&îÕ�Â¿Õà&�qT
ç<�$Ôá+>±qT, úsÁT ç<�eDì>±qT ¿£*Z �q� ç<�esÁÖ|�
ç<�eD²\T (liquid solutions).

ç<�eD²\Å£� eT]¿=�� �<�V�²sÁD\T �eÇ+&�.
�jáÖ ç<�eD²\ýË @~ ç<�eDìjîÖ, @~ ç<�$ÔáyîÖ
#î|�Î+&�.

�ýËº+#á+&�̀ #á]Ì+#á+&�

 »»n�� ç<�eD²\T $TçXøeÖýñ ¿±� n��
$TçXøeÖ\T ç<�eD²\T ¿±eÚµµ. � y�¿£«+
d�ÂsÕq<Ã ¿±<Ã #á]Ì+º MT y�<�qqT d�eT]�+#û
$<ó�+>± d�ÂsÕq ¿±sÁD²\T #î|�Î+&�.

 kÍ<ó�sÁD+>± ç<�eD²\qT |��Tq/ç<�e/y�jáTT
|�<�s��\T ¿£]Ð�q� ç<�y�\T>±Hû uó²$kÍï+.
¿±� ¿=�� |��Tq ç<�eD²\T Å£L&� �H��sTT.
M{ì¿ì ¿=�� �<�V�²sÁD\T �eÇ>·\s�?

ç<�eD²\ <ó�s��\T
ç<�eD+ýË �q� ¿£D²\T eTq ¿£+{ ìÔÃ

#áÖ&�ýñq+Ôá ÔáÅ£�Øe |�]eÖD²�� ¿£*Ð �+{²sTT.
ç<�eD²\T ÔáeT>·T+&� ç|�d�]+#û ¿±+Ü ¿ìsÁD|�Ú+C²��
|�]¹¿ �|�D (Scatter) #î+~+#áýñeÚ. n+<�T ¹¿
¿±+ÜeÖs�Z�� ç<�eD+ýË #áÖ&�ýñ+.

B�� MTsÁT ç|�jîÖ>·+ <�Çs� �sÁÖ|¾+#á>·\s�?
ç<�eD²�� $©q|�]ºq|�Ú&�T(dilute), ¿±+Ü
eÖs�Z�� eTq+ #áÖ&�>·\eÖ ?

ç<�eD+ jîTT¿£Ø eTs=¿£ �d�¿ìï¿£sÁyîT®q <ó�sÁ�+
@$T³+fñ ç<�eD²�� ¿£~*+#áÅ£�+&�  d¾�sÁ+>±
�+ºH� d�¹s n+<�TýË �+&û ç<�$Ôá ¿£D²\T n&�T>·T
uó²>±�¿ì #ûsÁeÚ. B�¿ì ¿±sÁD+ #î|�Î>·\s�?
ç<�eD+ýË� ç<�$Ôá ¿£D²\T n&�T>·T uó²>±�¿ì #û]Ôû
y�{ì� eTq+ d�C²rjáT $TçXøeÖ\T n+{²eÖ?
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• What would happen if you add a little

more solute to a solvent?

• How do you determine the percentage

of the solute  present in a solution?

6.3.1 Concentration of a solution

Can we dissolve as much solute as we

want in a given solvent? How do you decide

the amount of  solute that dissolves in a

solvent?

Solubility is the number of grams of a

solute that desolves in 100g. of solvent to

form a saturated solution at a given

temperature.

For example, take one gram of sugar

and add 50ml of water to it.  Also take 30gm

of sugar and add the same amount of water

to it in another beaker. Which one of the

above solutions is called as dilute and which

one is called concentrated?

Activity-3

Preparation of saturated and

unsaturated solutions

Take 50 ml of water in an empty cup.

Add one spoon of sugar to the water in the

cup and stir until it dissolves. Keep on

adding sugar to the cup and stir till no more

sugar can be dissolved in it. How many

spoons of sugar is added ?

Fig.5: Adding Sugar to water

When no more solute can be dissolved in

the solution at a certain temperature, it is

said to be a saturated solution. In a

saturated solution, equilibrium with the

undissolved solute at a certain temperature.

If the amount of solute present in a

solution is less than that in the saturated

solution, is called an unsaturated

solution.

Can you tell what is saturation level? Is

it the same for all solutions?

Now take the solution prepared by you

into a beaker and heat it slowly by 5° to

6oC above the Room Temperature (do not

boil). The undissolved solute dissolves.

Add some more sugar to this solution. You

notice that more sugar dissolves in it easily

when it is heated.

Fig.6: Adding more sugar to water

Find out whether this is true for the salt

solution also.

Activity-4

Factors affecting the rate of dissolving

Take three glass beakers and fill each

of them with 100 ml of water. Add two

spoons of salt to each beaker. Place the

first beaker undisturbed, stir the water in

the second beaker and warm the third

beaker.

What do you observe from the above

three situations? Which method allows the

solute to dissolve in the solvent easily? If

you increase the temperature of the third

beaker, what will happen? Repeat the

activity by using salt crystals instead of salt

powder. What change do you observe?

What are the factors that affect the  rate

of the solubility of a solute?
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MTsÁT ¿=+#î+ mÅ£�Øe ç<�$Ô���  ç<�eDì¿ì
¿£*|¾Ôû @$T ÈsÁT>·TÔáT+~?
ÿ¿£ ç<�eD+ýË m+Ôá XæÔá+ ç<�$Ôá+
�+<Ã MTsÁT mý² �s�Æ]kÍïsÁT?

6.3.1 ç<�eD+  >±&ó�Ôá
ç<�eD+ýË eTq+ nqTÅ£�q�+Ôá ç<�$Ô���

¿£]Ð+#á>·\eÖ?  ÿ¿£ ç<�eD+ýË m+Ôá ç<�$Ô���
¿£\|�>·\yîÖ nHû $w�jáÖ�� mý² �sÁ�sTTkÍï+?

�]Ýw�¼ �cþ�ç>·Ôá e<�Ý 100 ç>±. ç<�eDì� d�+Ôá�|�ï
ç<�eD+>± eÖsÁTÌ³Å£� ¿£]Ð+#áe\d¾q ç<�$Ôá
uó²s��� (ç>±eTT\ýË) ç<�eD¡jáTÔá n+{²sÁT.

�<�V�²sÁD : ÿ¿£ ;¿£sÁTýË 1 ç>±eTT #áÂ¿ØsÁ,
50$T.©. ú{ì� rd�T¿Ã+&�. eTs=¿£ ;¿£sÁTýË 30
ç>±eTT\ #áÂ¿ØsÁ 50 $T.©. ú{ì� rd�T¿Ã+&�. �
Âs+&�T ;¿£sÁ¢ýË �q� ç<�eD+ýË @~ $©qç<�eD+?
@~ >±&ó�ç<�eD+?

¿£�Ôá«+ ` 3

d�+Ôá�|�ï, nd�+Ôá�|�ï ç<�eD²\qT ÔájáÖsÁT#ûjáTT³
ÿ¿£ U²° ¿£|�ðýË 50$T.©. ú{ì� bþjáT+&�.

<��ýË ÿ¿£ #î+#� #áÂ¿ØsÁ yûd¾ ¿£]¹>+Ôá esÁÅ£� u²>±
¿£\|�+&�. n~ ¿£]Ðq Ôás�ÇÔá eTs=¿£ #î+#� #áÂ¿ØsÁqT
¿£\|�+&�. �ý² B�ýË #áÂ¿ØsÁ �+¿± @eÖçÔá+ ¿£sÁ>·<�T
nHû+Ôá esÁÅ£� ¿£\|�+&�. ú{ìýË m�� #î+#�\ #áÂ¿ØsÁ
¿£]Ð+~?

|�³+`5 : ú{ì¿ì #áÂ¿ØsÁqT ¿£\|�&�+

ÿ¿£ �]Ýw�¼ �cþ�ç>·Ôá e<�Ý ç<�eD+ýË m+Ôá
ç<�$Ôá+ ¿£sÁ>· >·\<Ã n+Ôû ç<�$Ô��� ¿£*Ð �q�
ç<�eD²��  d�+Ôá�|�ï ç<�eD+ (Saturated solution)
n+{²+. ÿ¿£ �]Ýw�¼ �cþ�ç>·Ôá e<�Ý d�+Ôá�|�ïç<�eD+
�+¿± @ eÖçÔá+ ç<�$Ô��� ¿£]Ð+#áT¿Ãýñ<�T.

ÿ¿£ ç<�eD+ýË >·]w�¼+>± ¿£sÁ>·>·*¹> ç<�$Ôá
|�]eÖD+ ¿£+fñ, ÔáÅ£�Øe ç<�$Ôá+ ¿£]Ð �+fñ
� ç<�eD²�� nd�+Ôá�|�ï ç<�eD+ (Unsaturated

solution) n+{²+.
d�+Ôá�|�ïkÍ�sTT (Saturation level) n+fñ @$T{Ë

#î|�Î>·\s�? �~ n�� ç<�eD²\Å£� ÿ¹¿ $<ó�+>±
�+³T+<�?

�|�ð&�T ¿£|�ðýË MTsÁT ÔájáÖsÁT #ûd¾q ç<�eD²��
ÿ¿£ ;¿£sYýË�¿ì rd¾¿=� <��� d�q�� eT+³�|Õ >·~
�cþ�ç>·Ôá ¿£+fñ 50

C qT+&� 60
C mÅ£�Øe yû&� #ûd�Öï

(eT]Ð+#áÅ£�+&�) <��¿ì �+¿=+#î+ #áÂ¿ØsÁqT
¿£\|�+&�. ç<�eD²�� yû&� #ûd¾q|�ÚÎ&�T mÅ£�Øe #áÂ¿ØsÁ
¿£sÁ>·&��� MTsÁT >·eT�+#áe#áTÌ.

|�³+`6 : eT]+Ôá #áÂ¿ØsÁqT ú{ìýË ¿£\|�&�+
�|�ð ç<�eD+ $w �jáT+ýË Å £L&� �~

�ÈeTòÔáT+<Ã ýñ<Ã ¿£qT>=q+&�.
¿£�Ôá«+`4

ç<�eD¡jáTÔáqT ç|�uó²$Ôá+ #ûjáTT n+Xæ\T
eTÖ&�T >±E ;¿£sÁ¢qT rd�T¿=� ÿ¿=Ø¿£Ø <��ýË

100$T.©. ú{ì� �+|�+&�. ç|�Ü ;¿£sÁTýË Âs+&�T
#î+#�\ �|�ðbõ&�� (salt powder)  yûjáT+&�.
yîTT<�{ì ;¿£sÁTqT �XøÌ\+>± �+#á+&�. Âs+&�e
;¿£sÁTýË� ç<�eD²�� ¿£*jáTuÉ³¼+&�. eTÖ&�e
;¿£sÁTqT >ÃsÁTyî#áÌ>± yû&� #ûjáT+&�.

�|Õ ¿£�Ôá«+ ýË� eTÖ&�T d�+<�s�ÒÛ\ýË @+ eÖsÁTÎqT
>·eT�+#�sÁT? @ ç<�eDì, ç<�$Ô��� d�T\uó�+>±
ÔáqýË ¿£]Ð+#áTÅ£�+~? eTÖ&�e ;¿£sÁT �cþ�ç>·Ôá
�+¿=+#î+ �|+ºÔû @+ ÈsÁT>·TÔáT+~? �|�ð bõ&�¿ì
�<�T\T>± <�� d�ÎÛ{ì¿±\qT (crystal salt)

�|�jîÖÐ+º �|Õ ¿£�Ô�«�� Ü]Ð #ûjáT+&�. �
d�+<�sÁÒÛ+ýË m³Te+{ì eÖsÁTÎqT MTsÁT >·eT�kÍïsÁT?
ç<�eD¡jáTÔáqT (Solubility) qT ç|�uó²$Ôá+ #û�d
n+Xæýñ$T{ì?
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Mass of solution = Mass of solute + Mass of solvent

= 50g + 200g = 250g

Mass percentage of a solute  =

Example - 2

80ml of solution contains 20 g of solute.

Calculate the concentration in terms of mass

by volume percentage of the solution.

6.4 Suspensions and Colloidal
       Solutions

Activity-5

Finding of heterogeneous mixtures-

suspensions and colloids

Take some chalk powder in a test tube.

Take a few drops of milk in another test

tube. Add water to these samples and stir

with a glass rod. Observe whether the

particles in the mixtures are visible. Can

you call these mixtures as solutions?

(Hint: Are the above solutions heterogeneous

or homogeneous?)

Now do the following steps and write

your observations in the table-1.

• Direct a beam of light from a torch or a

laser beam on the test tubes. Is the path

of the light beam visible in the liquid?

•  Leave the mixture undisturbed for some

time. What changes do you observe? Does

the solute settle down after some time?

• Filter the mixtures. Did you find any

residue on the filter papers?

Mass of solute

Mass of solution
X 100

50

250
=            X 100 = 20%

From this activity we can conclude that

the temperature, size of the solute particles,

and stirring are some of the factors that

affect the rate of solubility of solute in a

solvent.

You know that solubility is the

measurement of amount of solute that

dissolves in a solvent at a certain

temperature. If the amount of solute present

is little, the solution is said to be dilute,

and if the amount of solute present is more,

the solution is said to be concentrated.

The concentration of a solution can

be defined as the  amount in grams(mass)

of solute present in 100 grams of (mass)

solution or the amount (mass) in grams

of solute present in 100 ml of the solution.

There are many ways of expressing the

concentration of a solution,  we learn only

about three of those.

(i) Mass percentage

of a solute

(ii) Volume percentage

of a solute

(iii) Mass by volume

percentage of a

solute

Example - 1

A solution contains 50g of common salt

in 200g of water. Calculate the

concentration in terms of mass by mass

percentage of the solute?

Solution

Mass of solute (salt) = 50g

Mass of solvent (water) = 200g

Mass of solute

Mass of solution
X 100=

Volume of solute

Volume of solution
= X 100

Mass of solute

Volume of solution
= X 100
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ç<�eD+ ç<�e«s�¥ R ç<�$Ôá ç<�e«s�¥ G ç<�eDì ç<�e«s�¥
R 50 G 200 R 250 ç>±öö

ç<�$Ôá ç<�e«s�¥
ç<�eD+ ç<�e«s�¥

R 50
100

250
´ R 20%

�<�V�²sÁD`2:
80 $T©¢ ©³sÁ¢ ç<�eD+ýË 20 ç>±. #áÂ¿ØsÁ ¿£]Ð

�q�~. � ç<�$Ôá ç<�e«s�¥ |��Tq|�]eÖD XæÔ���
¿£qT¿ÃØ+&�.
6.4 ne\+�H�\T eT]jáTT ¿±+�¿±uó� ¿£D

ç<�eD²\T
¿£�Ôá«+ ` 5

$C²rjáT $TçXøeÖ\qT  ne\+�q eT]jáTT
¿±+�¿±uó� ¿£D ç<�eD²\T>± >·T]ï+#áT³ :

ÿ¿£ |�¯¿£� H�[¿£ýË ¿=+#î+ d�T<�Ý bõ&�� eTs=¿£
|�̄ ¿£� H�[¿£ýË ¿=�� #áT¿£Ø\ bÍ\qT rd�T¿Ã+&�. �
Âs+&�T |�̄ ¿£� H�[¿£\Å£� ¿=+Ôá ú{ì� ¿£*|¾ >±E
¿£&�¦ÔÃ u²>± ¿£\|�+&�. � $TçXøeÖ\ýË �q� |�<�sÁ�
¿£D²\T MTÅ£� ¿£�|¾d�TïH��jîÖ ýñ<Ã |�]o*+#á+&�.
� $TçXøeÖ\qT ç<�eD²\T n� |¾\ee#�Ì?
(d�Ö#áq: MTsÁT rd�T¿=q� qeTÖH�\T d�C²rjáT
$TçXøeÖýË $C²rjáT $TçXøeÖýË �ýËº+#á+&�.)

�|�ÚÎ&�T �|Õ ¿£�Ô�«�� � ¿ì+~ kþbÍH�\ýË bõ&�Ð+#á+&�.
MT |�]o\q\qT |�{ì¼¿£̀ 1ýË qyîÖ<�T #ûjáT+&�.
l {²]ÌýÉÕ{Ù / ýñÈsY ýÉÕ{Ù qT+&� e#ûÌ ¿±+Ü�

HûsÁT>± |�̄ ¿£� H�[¿£ýË� ç<�e+�|Õ |�&û³³T¢
CñjáT+&�. ç<�e+ >·T+&� � ¿±+Ü ¿ìsÁD|�Ú+È
eÖsÁZ+ MTÅ£� ¿£�|¾d�Tï+<�?

l � Âs+&�T $TçXøeÖ\qT ¿£<�|�Å£�+&� ¿=~Ý�d|�Ú
ÿ¿£#Ã³ �+#á+&�. y�{ìýË @eÖsÁTÎqT MTsÁT
>·eT�+#�sÁT? ¿=+Ôá d�eTjáT+ >·&�ºq |¾<�|�
ç<�$Ôá+ |�̄ ¿£� H�[¿£ n&�T>·Tuó²>±�¿ì #û]+<�?

l � $TçX øeÖ\qT e&�bþÔ á ¿±ÐÔá+qT
�|�jîÖÐ+º, e&�bþjá T+&�. e&�bþÔ á
¿±ÐÔ�\�|Õ  @<îÕH� neXâw�+ >·eT�+#�s�?

 �|Õ ¿£�Ôá«+ýË ú{ìýË ¿£*|¾q d�T<�Ýbõ&� (Chalk)

ú{ì �cþ�ç>·Ô á, �|�ð ¿£D²\ |�]eÖD+,
ç<�eD²�� ¿£*jáTuÉ³T¼³ yîTT<�\>·T n+Xæ\T
ç<�eD+ýË ç<�$Ôá+ ¿£]¹> ¹s³TqT ç|�uó²$Ôá+
#ûkÍïjáT� �s�Æ]+#áe#áTÌ.

ç<�eD¡jáTÔá nHû~ ÿ¿£ ç<�eDìýË m+Ôá ç<�$Ôá+
¿£]Ð+#á>·\yîÖ #î�|Î ÿ¿£ ¿=\eÖq+ n� MTÅ£�
Ôî\Td�T. ÿ¿£ ç<�eDìýË ç<�$Ôá |�]eÖD+ ÔáÅ£�Øe>±
�+fñ � ç<�eD²�� »$©q ç<�eD+µ n�, ç<�$Ôá
|�]eÖD+ mÅ£�Øe>± �+fñ � ç<�eD²�� »>±&ó�
ç<�eD+µ n� n+{²+.

�]Ýw�¼ |��Tq|�]eÖD+ (100 ç>±) >·\ ç<�eD+ýË
¿£]ÐjáTTq� ç<�$Ôá |��Tq|�]eÖD+ (ç<�e«s�¥) ýñ<�
�]Ýw�¼ |�]eÖD+ (100 ç>±) ç<�e«s�¥ >·\ ÿ¿£ ç<�eD+
¿£*Ð �q� ç<�$Ôá |�]eÖD²�� � ç<�eD >±&ó�Ôá n+{²+.

ç<�eD >±&ó�ÔáqT e«¿£ï|�sÁT#áT³Å£� #�ý² $<ó�H�
\TH��sTT. ¿±ú eTq+ �¿£Ø&� n+<�TýË� eTÖ&�+{ì�
HûsÁTÌÅ£�+<�+.

 ç<�$Ôá ç<�e«s�¥
ç<�eD+ ç<�e«s�¥

�<�V�²sÁD`1:

200ç>±. ú{ìýË 50ç>±. �|�ð ¿£]ÐjáTTq�~.
� ç<�eD+ jîTT¿£Ø ç<�$Ôá ç<�e«s�¥ XæÔ���
¿£qT¿ÃØ+&�.
kÍ<ó�q :

ç<�$Ôá ç<�e«s�¥   R 50ç>±öö
ç<�eDì ç<�e«s�¥ (úsÁT) R 200ç>±öö

ç<�$Ôá ç<�e«s�¥ =
XæÔá+

x 100

x 100
ç<�$Ôá |��T.|�
ç<�eD+ |��T.|�

ç<�$Ôá |��Tq|�]eÖD
XæÔá+ =

ç<�$Ôá ç<�e«s�¥
ç<�eD |��Tq|�]eÖD+x 100

i)

ii)

iii)
=

x 100ç<�$Ôá ç<�e«s�¥ =
    XæÔá+

ç<�$Ôá ç<�e«s�¥
|��Tq|�]eÖD XæÔá+
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Record your observations in the table - 1 Table-1

We find that the particles of chalk did

not dissolve but remained suspended

throughout the volume of the water. So this

is a heterogeneous mixture because the

solute particles didn’t dissolve and the

particles are visible to naked eye. Such

heterogeneous mixtures are called

suspensions.  “Suspensions are the

heterogeneous mixtures of a solid and a

liquid, in which the solids do not dissolve,

like mixture of soil and water”.

In activity-5, particles of milk in the

second test tube are uniformly spread

throughout the mixture. Due to smaller size

of milk particles it appears to be

homogeneous but it is a heterogeneous

mixture. These particles easily scatter a

beam of visible light. Such mixtures are

called colloids or colloidal solutions.

These mixtures  possess the characteristics

in between a solution and a suspension.

(They are also called as colloidal

dispersions. Colloidal dispersions may

appear homogeneous but are actually

heterogeneous.)

A large number of substances such as

milk, butter, cheese, cream, gel, boot polish,

and clouds in the sky etc. are some more

examples of colloids.

                Think and discuss

• Have you ever observed carefully the

syrup that you take for cough? Why do

you shake it before consuming?

• Is it a suspension or colloidal solution?

Colloidal solutions are heterogeneous

in nature and always consist of at least two

phases; the disperse phase and the

dispersion medium.  Disperse phase is

the substance that present in small

proportion and consists of particles of

colloidal size (1nm to 100nm).

Dispersion medium is the medium in

which the colloidal particles are dispersed.

These two phases can be in the form of

solid, liquid or a gas. Thus, different types

of colloidal solutions are possible

depending upon the physical state of the two

phases.

Here are some common examples of

colloids from our daily life. (See table-2)

Don’t try to memorize this table-2, it is

given only for your information.

We studied that the particles in a col-

loidal solution can easily scatter a beam of

visible light. This scattering of a beam of

light is called the Tyndall effect, named

after the scientist who discovered it.

You may observe this effect in your day

to day life when a fine beam of light enters

a room through a small hole or slit. You

can try to see Tyndall effect at your home.

Select a room where the sunlight falls

directly through a window. Close the

windows in such a way that a slit is left open

between the windows. (Don’t close

completely).  What do you see?

      Mixture Is the path of the light     Did solute settle   Residue is seen on the
beam visible? (Yes/No)    down? (Yes/No)   filter paper (Yes/No)

Chalk, Water

Milk, Water
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<��ýË ¿£sÁ>·Å£�+&� ne\+�q+>± (Suspended)
úsÁ+Ôá{² $d�ï]+º �+&�³+ MTsÁT >·T]ï+#áe#áTÌ.
nq>± �~ ÿ¿£ $C²rjáT $TçXøeT+ n� #î|�Îe#áTÌ.
m+<�T¿£+fñ ç<�$Ôá ¿£D²\T B�ýË ¿£sÁ>·ýñ<�T, M{ì�
eTq ¿£+{ìÔÃ #áÖ&�>·\TZÔáTH��+. �ý²+{ì $C²rjáT
$TçXøeÖ\qT »»ne\+�H�\Tµµ (Suspensions)

n+{²+. ¿£sÁ>·� |��Tq|�<�sÁ�+ eT]jáTT ç<��e |�<�sÁ�+
¿£*d¾ �+&û $C²rjáT $TçXøeÖýñ ne\+�H�\T.
�<�V�²sÁDÅ£� eT{ì¼� ú{ìýË ¿£*|¾q|�ð&�T @sÁÎ&û
$TçXøeÖ��  ÿ¿£ ne\+�q+>± #î|�Îe#áTÌ.

¿£�Ôá«+ ` 5 ýË MTsÁT �|�jîÖÐ+#û Âs+&�e |�̄ ¿£�
H�[¿£ýË �q� bÍ\ ¿£D²\T, $TçXøeT+ n+Ôá{² @¿£̄ Ü>±
$d�ï]+º �+{²sTT. bÍ\¿£D²\ |�]eÖD+ #�ý²
ÔáÅ£�Øe ¿±e&�+#ûÔá �~ d�C²rjáT $TçXøeT+ eÖ~]>±
¿£�|¾d�Tï+~. ¿±� �~ Å£L&� $C²rjáT $TçXøeTyûT.
� $TçXøeT+>·T+&� ¿±+Ü ç|�d�]+|�#ûd¾ q|�ð&�T bÍ\
¿£D²\T ¿±+Ü|�Ú+C²�� d�T\uó�+>± |�]¹¿�|�D+ (Scatter)

#î+~kÍïsTT. � sÁ¿£yîT®q $TçXøeÖ\qT ¿=ý²¢sTT&�\T
(Colloids) ýñ<� ¿±+� ¿±uó� ¿£D ç<�eD²\T (Colloidal

solutions) n+{²+. M{ì \¿£�D²\T ç<�eD²\T,
ne\+�H�\ \¿£�D²\Å£� eT<ó�«d��+>± �+{²sTT. M{ì�
¿±+�¿±uó� çbÍed��\T n� Å£L&� n+{²sÁT. ¿=ý¢sTT&�T¢
d�C²rjáT $TçXøeÖ\T>± ¿£�|¾+ºq|�Î{ì¿ì n$
$C²rjáT $TçXøeÖ\T.

bÍ\T, yîq�, EqT�, ç¿¡y�T, CÉý� (Gel), w�O`bÍ*wt
eT]jáTT yûT|��T+ e+{ì mHÃ� |�<�s��\T ¿=ý²¢sTT&�
ç<�eD²\Å£� �<�V�²sÁD\T.

kÍ<ó�sÁD+>± ¿=ý²¢sTT&� ç<�eD²\T $C²rjáT
$TçXøeÖýÉÕ �+{²sTT. �$ ¿£úd�+ Âs+&�T çbÍed��\qT
(Phase) ¿£*Z �+{²sTT. M{ìýË ÿ¿£{ì $¹¿�|�D çbÍed� �
(dispersed phase) Âs+&�e~ $¹¿�|�D jáÖq¿£+
(dispersion medium).$¹¿�|�D çbÍed�� nHû~
¿=ý²¢sTT&�ýË ÔáÅ£�Øe |�]eÖD+ýË ¿£*d¾ �q� |�<�sÁ�+
eT]jáTT �+<�TýË �+&û ¿=ý²sTT&� ¿£D²\
|�]eÖD²\T(1nm qT+&� 100nm) esÁÅ£� �+{²sTT.

$¹¿�|�D jáÖq¿£+ nHû~ ¿=ý²sTT&� ¿£D²\T,
$d�ï]+º �q� ÿ¿£ jáÖq¿£+. � Âs+&�T çbÍed��\T
ç<�e, |��Tq, y�jáTT sÁÖbÍ\ýË @ sÁÖ|�+ýËHîÕH�
�+&�e#áTÌqT. ¿±eÚq Âs+&�T çbÍed��\ uó�Ü¿£ d¾�Ü�|Õ
�<ó�sÁ|�&� $$<ó� sÁ¿±\  ¿=ý²¢sTT&� ç<�eD²\T @sÁÎ&û
ne¿±Xø+ �+³T+~.

�Ôá«J$Ô á+ýË eTqÅ£� Ô á³d� �| �& û ¿=��
¿=ý²sTT&�\T |�{ì¼¿£̀ 2ýË �eÇ�&�q$. (MTsÁT M{ì�
>·TsÁTï+#áTÅ£�Hû ned�sÁ+ ýñ<�T. �$ ¹¿e\+ MTÅ£�
d�eÖ#�sÁ+ n+~+#û+<�T¹¿ �eÇ�&�¦sTT).

¿=ý²sTT&�\ýË �+&û ¿£D²\T <��Xø« ¿±+Ü
|�Ú+C²�� d�T\uó�+>± |�]¹¿�|�D+ #î+~kÍïjáT�
Ôî\Td�TÅ£�H��+. �$<ó�+>± ¿±+Ü |�Ú+C²�� |�]¹¿�|�D+
#î+~+#á&��� {ì+&�ýÙ ç|�uó²e+ (Tyndall effect)

n�n+{²+. � ç|�uó²y��� ¿£qT>=q� Xæ�d�ïyûÔáï
C²ã|�¿±sÁ�+ B�¿ì ��|sÁT�|{²¼sÁT.

ºq� sÁ+ç<ó�+ qT+&� >±ú N*¿£ qT+&� >±ú d�q��
¿±+Ü ç|�d�]d�Tïq�|�ÚÎ&�T MTsÁT � ç|�uó²y���  >·eT�+#á
e#áTÌ. MT �+{ìe<�Ý {ì+&�ýÙ ç|�uó²y��� #áÖ&�&��¿ì
ç|�jáTÜ�+#á+&�.

¿ì{ì¿¡>·T+&� HûsÁT>± d�ÖsÁ«¿ìsÁD²\T |�&û >·~�
m+#áT¿Ã+&�. ¿ì{ì¿¡ Ôá\T|�Ú\qT |�P]ï>± eTÖd¾yûjáT
Å£�+&�  y�{ì Ôá\T|�Ú\ eT<ó�« d�q�� N*¿£ �+&û³³T¢
#áÖ&�+&�. ¿±+Ü ¿ìsÁD |�Ú+È+ jîTT¿£Ø eÖs�Z��
|�]o*+#á+&�. MT¹s+ >·eT�kÍïsÁT?

$TçXøeT+ ¿±+Ü ¿ìsÁD |�Ú+È eÖsÁZ+    ç<�$Ôá+ n&�T>·T uó²>±�¿ì   e&�bþÔá ¿±ÐÔá+�|Õ neXâw�+
¿£�|¾d�Tï+<�? (WqT/¿±<�T)    #û]+<�? (WqT/¿±<�T)  ¿£�|¾+º+<�? (WqT/¿±<�T)

d�T<�Ýbõ&�, úsÁT
bÍ\T, úsÁT

|�{ì¼¿£̀ 1

�ýËº+#á+&� ` #á]Ì+#á+&�
• È\T�T, <�>·TZÔÃ u²<ó�|�&�T#áTq�|�ÚÎ&�T MTsÁT çÔ�¹>
d¾sÁ| tqT (Syrup) m|� ÚÎ& î ÕH� C²ç>·Ô á ï>±
|�]o*+#�s�? � eT+<�TqT çÔ�>·&��¿ì eTT+<�T
m+<�TÅ£� u²>± Å£�<�T|�ÚÔ�sÁT?

• �~ ne\+�qeÖ? ýñ<� ¿±+� ¿±uó� ¿£D
ç<�eD²\T?
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Table-2: Type of Colloids and their Examples based on dispersion medium and dispersed phase

Dispersion Medium Dispersed Phase Colloid type Examples

Gas Liquid Aerosol Fog, clouds, mist

Gas solid Aerosol Smoke, automobile exhaust

Liquid Gas Foam Shaving cream

Liquid Liquid Emulsion Milk, face cream

Liquid solid Sol Mud, milk of magnesia

Solid Gas Foam Foam, rubber,

sponge, pumice stone

Solid liquid Gel Jelly, cheese, butter

Solid solid Solid sol Coloured gem stone,

milky glass

You can also observe this phenomenon

while walking on a road  having a lot of trees

on both sides. When the sunlight passes

through branches and leaves you see the path

of dust particles.

Try to observe the Tyndall effect in the

kitchen when the smoke from the stove is

exposed to sun light.

• Did you ever observe this phenomenon

in the cinema halls?

• Have you ever got an opportunity of

going through deep forests? If you go

through deep forest you can

experience this effect.

Fig-7: Tyndall effect in the forest

When sunlight passes through the

canopy of a dense forest; mist contains tiny

droplets of water, which act as particles of

colloid dispersed in air.

Fig- 8: Ice cream

Is ice-cream a colloid ?

Ice cream is made by churning a

mixture of milk, egg, sugar and flavours.

This mixture is slowly chilled to form ice

cream. The churning process disperses air

bubbles into the mixture by foaming and

breakup  the large ice crystals into tiny

particles. The result is a complex substance
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Âs+&�TyîÕ|�Úý² <�³¼yîT®q #î³T¢>·\ sÃ&�T¦�|Õ MTsÁT
q&�Td�Tïq�|�Ú&�T Å£L&� � <��ÐÇw�jáÖ�� >·eT�+#á
e#áTÌ. d�ÖsÁ«¿ìsÁD²\T #î³¢ ¿=eT�\T, �Å£�\eT<ó�«>·\
U²° ç|�<ûXø+>·T+&� ç|�d�]+ºq|�Ú&�T ¿ìsÁD|�Ú+È
eÖsÁZ+ýË <�TeTT�, <ó�Ö[ ¿£D²\qT MTsÁT #áÖ&�e#áTÌ.

e+³>·~ýË� bõsTT« qT+&� e#ûÌ bõ>·�|Õ d�ÖsÁ«
¿±+Ü |�&�q|�Ú&�T Å£L&� {ì+&�ýÙ  ç|�uó²y���
#áÖ&�e#áTÌ.

d¾�eÖ ~̧jûT³sY\ýË � <��ÐÇw�jáÖ�� m|�ð&îÕH�
>·eT�+#�s�?
<�³¼yîT®q n&�eÚ\>·T+&� MTsÁT m|�Ú&îÕH� yîÞâß
ne¿±Xø+ eºÌ+<�? MTsÁT <�³¼yîT®q n&�eÚ\
>·T+&� yîÞâï {ì+&�ýÙ ç|�uó²e+ MT nqTuó�e+ýË¿ì
ed�Tï+~.

|�³+`7: n&�eÚýË¢ {ì+&�ýÙ ç|�uó²e+

 <�³¼yîT®q n&�eÚ\ �|�]Ôá\+ (Canopy) qT+&�
d�ÖsÁ«¿±+Ü ¿ì+~¿ì ç|�d�]+ºq|�Ú&�T eT+#áTýË �q�
ºq�ºq� ú{ì _+<�TeÚ\T >±*ýË y�«|¾+º ¿=ý²sTT&�
¿£D²\T (Particles of colloid) >± e«eV�²]kÍïsTT.

|�³+`8 : ×dtç¿¡+
×dtç¿¡+ qT eTq+ ¿=ý²sTT&� nqe#�Ì?
bÍ\T, ç>·T&�T¦, #áÂ¿ØsÁ, sÁTº, y�d�q�#ûÌ ¿=��

|�<�s��\ $TçXøeÖ�� (Flavours) Ð\¿£]+º,
HîeT�~>± oÔá©¿ £]+#á&�+ <�Çs� ×dt ç¿¡+
ÔájáÖsÁT#ûkÍïsÁT. Ð\¿£]+#á&�+ (Churning) e\q >±*
�T&�>·\T qTsÁT>·T eÖ~]>± $TçXøeT+ ýË�¿ì y�«|¾+º
�|<�Ý ×dteTT¿£Ø\T ºq�$>± $|��T³q+ #î+<�TÔ�sTT.
B� |��*Ôá+>± |��Tq |�<�s��\T (¿=eÚÇ\T, çbþ{¡H�\T),
ç<�y�\T (úsÁT), y�jáTTeÚ\T (>±* �T&�>·\T)
¿£*d¾bþsTT ÿ¿£ d�+¿ì¢w� ¼ |�<�sÁ�+ (complex

|�{ì¼¿£̀ 2 : $¹¿�|�D jáÖq¿£+ eT]jáTT $¹¿�|�D çbÍed��\ �<ó�sÁ+>± ¿=ý²¢sTT&� sÁ¿±\Å£� �<�V�²sÁD\T.

$¹¿�|�DjáÖq¿£+    $¹¿�|�D çbÍed�� ¿=ý²sTT&� sÁ¿£+ �<�V�²sÁD\T

y�jáTTeÚ ç<�e+ @sÃkþýÙ bõ>·eT+#áT, yûT|��T+, eT+#áT
y�jáTTeÚ |��Tq+ @sÃkþýÙ bõ>·, y�V�²H�\T e~ýñ y�jáTTeÚ\T
ç<�e+ y�jáTTeÚ qTsÁT>·T >·&�¦+^d�TÅ£�Hû+<�TÅ£� y�&û ç¿¡y�T
ç<�e+ ç<�e+ meT\üH� bÍ\T,eTTU²�¿ì s�d�TÅ£�Hû ç¿¡y�T
ç<�e+ |��Tq+ kþýÙ $TýÙØ �|�t yîTÐ�wÓjáÖ, �TsÁ<�
|��Tq+ y�jáTTeÚ qTsÁT>·T qTsÁT>·T, sÁ�ÒsY, kÍÎ+�,

kÍÎ+�s�sTT
|��Tq+ ç<�e+ CÉýÙ CÉ*¢ (Jelly),  EqT�, yîq�

|��Tq+ |��Tq+ |��TqkþýÙ sÁ+>·Ts�Þø�ß, $T©Ø >±E (Milky glass)
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which contains solids (milk fats and milk

proteins), liquids (water) and gases (air

bubbles). Now can you guess whether ice

cream a colloid or not?

Can you explain now in a comparative

way about suspensions and colloids? Let

us see.

Think and discuss

•  Is there any difference between a true

solution and colloidal solution? If you

find the differences, what are those

differences?

6.5 Separating the components

of a mixture

Till now we have discussed the types

of mixtures. Do you know techniques to

separate these mixtures into their

respective constituents?

Usually heterogeneous mixtures can be

separated into their respective constituents

by simple physical methods like

handpicking, sieving, filtration etc., as we

use in our day to day life.

Sometimes special techniques have to be

used for the separation of the components of

mixture. We have learnt in class VI, how to

separate mixtures in various ways like,

flotation, filtration, crystallization,

chromatography etc. Let us see more.

Table-3: Properties of suspension and colloids

                            Suspensions                    Colloids

Suspensions are heterogeneous mixtures. Colloids are heterogeneous mixtures.

The particles of suspensions can be seen The size of particles of colloid are too

with be naked eyes. small to seen by naked eyes.

The particles of suspensions scatter a The particles of  colloids are big enough

beam of scatter light passing through it to a beam of light passing through it

and make its path visible. which makes its path visible.

The solute particles settle down when a The particles don’t settle down when the

suspension is kept undisturbed. When the colloid left undisturbed. i.e., colloid is

quite particles settle down it does not quite stable.

scatter light any more.

Suspension is unstable. The components The components cannot be separated

can be separated from the mixture by the from the mixture  by the process of

process of  filtration or decantation. filtration. But centrifugation technique is

used in separation.

S
C
E
R
T, T

E
LA

N
G
A
N
A



eTq #áT³Ö¼ �+&û |�<�sÁ�+ Xø�<�ÆyûTH� ?$<�«sÁT�\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£ 178

substance) @sÁÎ&�TÔáT+~. �|�Ú&�T MTsÁT ×dtç¿¡y�T
¿=ý²sTT&� neÚÔáT+<Ã ¿±<Ã }V¾²+#á>·\s�?

ne\+�H�\T eT]jáTT ¿=ý²¢sTT&�¢Å£� Ôû&�\qT,
bþ*¿£\qT MTsÁT #î|�Î>·\s�? �|�ÚÎ&�T eTq+ �
<ó�s��\qT |�]o*<�Ý+.

6.5 $TçXøeT+ýË� n+ouó�ÖÔ�\qT yûsÁT
#ûjáT&�+

�|�Î{ì esÁÅ£� eTq+ $TçXøeÖ\ sÁ¿±\ >·T]+º
#á]Ì+#�+. � $TçXøeÖ\qT y�{ì n+ouó�ÖÔ�\T>±
yûsÁT #û�d |�<�ÆÔáT\ >·T]+º MTÅ£� Ôî\TkÍ?
kÍ<ó�sÁD+>± eTq �Ôá«J$Ôá+ýË $C²rjáT

$TçXøeÖ\qT kÍ<ó�sÁD uó�Ü¿£ |�<�ÆÔáTýÉÕq @]yûjáT&�+,
ÈýÉ¢&� |�³¼&�+, e&� bþjáT&�+ <�Çs� y�{ì

nqT|��T³¿±\T>± yûsÁT #ûkÍï+.
 ¿=�� d�+<�s�ÒÛ\ýË ÿ¿£ $TçXøeT+ýË� n+o
uó�ÖÔ�\qT yûsÁT #ûjáTT³Å£� ç|�Ôû«¿£ |�<�ÆÔáT\qT �
|�jîÖÐkÍï+. 6e ÔásÁ>·ÜýË ÔûsÁÌ&�+, e&�bþjáT&�+,
d�Î{ì¿¡¿£sÁD+, ç¿=eT{Ëç>·|�¾ e+{ì $TçXøeÖ\qT yûsÁT
#ûjáTT |�<�ÆÔáT\qT HûsÁTÌÅ£�H��+. �|�Ú&�T eT]��
|�<�ÆÔáT\qT #áÖ<�Ý+.

|�{ì¼¿£̀ 3: ne\+�H�\T eT]jáTT ¿=ý²sTT&� ç<�eD²\T ` <ó�s��\T.

�ýËº+#á+&� ` #á]Ì+#á+&�

�È ç<�eD²�¿ì, ¿=ý²¢sTT&� ç<�eD²�¿ì eT<ó�«
Ôû&�\T �H��jáÖ? MTsÁT y�{ì eT<ó�« Ôû&�\T
>·eT��dï n$ @$T{ì?

¿=ý²¢sTT&� ¿£D²\ |�]eÖD²\T ÔáÅ£�Øe>±
�q�|�Î{ì¿ì n$ ¿±+Ü |�Ú+C²�� |�]¹¿�|�D+
#î+~+#á&�+ e\q M{ì >·T+&� ¿±+Ü
ç|�d�]+ºq|�Ú&�T <�� eÖsÁZ+ eTqÅ£� ¿£�|¾d�Tï+~.

� ç<�eD²\T d¾�sÁyîT®q$. M{ì� ¿£<�|�Å£�+&�
�+ºH� Å£L&� M{ì ¿£D²\T n&�T>·T
uó²>±�¿ì #ûsÁeÚ.

e&�bþÔá ç|�ç¿ìjáT <�Çs� � $TçXøeÖ\ qT+&�
<�� n+ouó�ÖÔ�\qT yûsÁT#ûjáTýñ+.
M{ì� yûsÁT #ûjáT&��¿ì n|�¹¿+ç~Ôá
$<ó�H��� �|�jîÖÐkÍïs.

ne\+�q ¿£D²\ (Particles of suspension)
<�Çs� ¿±+Ü ç|�d�]+ºq|�Ú&�T n~ |�]¹¿�|�D+ #î+~
(Scatter) <�� eÖsÁZ+ eTqÅ£� ¿£�|¾d�Tï+~.

M{ì� ¿£~*+#áÅ£�+&� �+ºÔû ç<�$Ôá ¿£D²\T
yîT\¢>± n&�T>·T uó²>±�¿ì #ûsÁTÔ�sTT. � $<ó�+>±
¿£D²\T HîeT�~>± n&�T>·T uó²>±�¿ì #û]q|�Ú&�T
ne\+�q+ $&�bþsTT ¿±+Ü� �¿£ @eÖçÔá+
|�]¹¿�|�D+ #î+<�újáT<�T.
ne\+�H�\T nd¾�sÁyîT®q$
e&�bþÔá, ÔûsÁÌ&�+ nHû ç|�ç¿ìjáT\ <�Çs� � $TçXøeÖ\
qT+&� y�{ì n+ouó�ÖÔ�\qT yûsÁT#ûjáTe#áTÌ.

ne\+�H�\T ¿=ý²¢sTT&� ç<�eD²\T
�$ $C²rjáT $TçXøeÖ\T �$ $C²rjáT $TçXøeÖ\T
ne\+�q ¿£D²\qT ¿£+{ìÔÃ #áÖ&�e#áTÌ. ¿=ý²¢sTT&� ¿£D²\T  ºq�$ M{ì� $&�$&�>±

¿£+{ìÔÃ #áÖ&�ýñ+.
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6.7 Evaporation

Activity-7

Process of evaporation of water

Fig-10: Evaporation of water

Take a beaker and fill it to half its

volume with water. Keep a watch glass on

the mouth of the beaker as shown in fig.--

10. Put few drops of ink on the watch glass.

Heat the beaker and observe the watch

glass. Continue heating till you do not

observe any further change on the watch

glass.

What is evaporated from the watch

glass? Is there any residue on the watch

glass?

We know that ink is a mixture of a dye

in water. We can separate the components

in the ink using evaporation.

• Is it possible to find out adulteration

of kerosene in petrol with this

technique?

In activity-7 we saw that ink is a mixture

of solute and solvent. Is the dye in ink a

single colour?  How many dyes are there

in ink?  How can we find out those? Is there

any technique to separate the different

components in the ink? That is where

chromatography would help.

6.6 Sublimation

Activity-6

Separation of components of mixture by

sublimation

Fig-9:Separating ammonium chloride and salt

Take one table spoon of common salt,
one tablespoon of ammonium chloride and
mix them.

l Is the mixture heterogeneous? Give
reasons.

l How do we separate the salt and
ammonium chloride?

Take the mixture in a china dish. Take a
glass funnel which is big enough to cover
the dish. Plug the mouth of the funnel with
cotton and invert it over the dish as shown
in fig.-9. Keep the dish on the stand of
stove and heat for some time and observe
the walls of the funnel. Initially you find
vapours of ammonium chloride and then
solidified ammonium chloride on the walls
of the funnel.

Try it for mixtures that have camphor
or naphthalene.

• Why do we use different separation

techniques for mixtures like grain
and husk as well as ammonium
chloride and salt though both of
them are heterogeneous mixtures?

l What is the basis for choosing a
separation technique to separate
mixtures?

Inverted funnel

Solidified ammonium

chloride

China dish

Mixture of

ammonium

chloride and salt

Vapours of

ammonium

chloride

Cotton Plug
Vapours

Ink

Watch Glass

Beaker

Water

Think and discuss

Think and discussS
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�$sÁT\T
d¾s�

y�#Y>±¢dt

;¿£sÁT

úsÁT

6.6 �ÔáÎÔáq+
¿£�Ôá«+ ` 6

�ÔáÎÔáq+ <�Çs� $TçXøeT+ýË� n+ouó�ÖÔ�\qT
yûsÁT#ûjáTT³

|�³+`9: �|�ð eT]jáTT nyîÖ��jáT+ ¿Ã¢ÂsÕ&�\qT yûsÁT#ûjáT&�+
ÿ¿£ #î+#� �|�ðqT, ÿ¿£ #î+#� nyîÖ��jáT+

¿Ã¢ÂsÕ&�qT rd�T¿=� y�{ì� ¿£\|�+&�.
l �~ $C²rjáT $TçXøeTeÖ? ¿±sÁD²\T Ôî\|�+&�.
l � $TçXøeT+ qT+&� �|�ð, nyîÖ��jáT+ ¿Ã¢ÂsÕ&�qT

mý² yûsÁT #ûkÍïsÁT?
ÿ¿£ |¾+>±Dì bÍçÔá (China dish)  ýË�¿ì �|Õ

$TçXøeÖ�� rd�T¿=� ÿ¿£ >±E >·s�³TqT |�³+`9ýË
#áÖ|¾q $<ó�+>± |¾+>±Dì bÍçÔá �|Õ uË]¢+#á+&�. >·s�³T
ºe]uó²>·+ <�Ö~ÔÃ eTÖd¾ yûjáT+&�. |¾+>±Dì bÍçÔáqT
çÜbÍ~�|Õ �+º, ¿=~Ý�d|�Ú yû&�#ûd¾ >·s�³T >Ã&�\qT
|�]o*+#á+&�. eTT+<�T>± nyîÖ��jáT+ ¿Ã¢ÂsÕ&�
uó²cÍÎ\qT >·eT�kÍïsÁT. ¿=+Ôá�d|�{ì¿ì |��Túuó�$+ºq
nyîÖ��jáT+ ¿Ã¢ÂsÕ&� >·s�³T >Ã&�\�|Õ �*º �+&�{²��
#áÖ&�e#áTÌ.

¿£sÁÖÎsÁ+ ýñ<�  H�|��ï©H� >·\ $TçXøeÖ\qT �
|�<�ÝÜýË yûsÁT#ûjáT&��¿ì ç|�jáTÜ�+#á+&�.

�ýËº+#á+&� ` #á]Ì+#á+&�

l <ó�q«+ eT]jáTT }¿£ n<û$<ó�+>± nyîÖ��jáT+
¿Ã¢ÂsÕ&� eT]jáTT �|�ð yîTT<�\>·Tq$ $C²rjáT
$TçXøeÖ\T nsTTq|�Î{ì¿¡ y�{ì� yûsÁT#ûjáTT³Å£�
yû¹sÇsÁT |�<�ÆÔáT\qT m+<�TÅ£� y�&�TÔáTH��+?

l ÿ¿£ $TçXøeÖ�� yûsÁT #ûjáT&��¿ì @ |�<�ÆÜ
nqTyîÕq~ nHû $w�jáÖ��  <û� �<ó�sÁ+>±
�sÁ�sTTkÍïyîÖ #á]Ì+#á+&�.

Ôá\ç¿ì+<�T\T>± �q� >·s�³T

|��Túuó�$+ºq
nyîÖ��jáT+

¿Ã¢ÂsÕ&�

|¾+>±Dì bÍçÔá
�|�ÚÎ, nyîÖ��jáT+
¿Ã¢ÂsÕ&�\ $TçXøeT+

nyîÖ��jáT+ ¿Ã¢ÂsÕ&�
�$sÁT¢

<�Ö~

6.7 �>·TsÁT³
¿£�Ôá«+ ` 7

úsÁT �Ð¹s ç|�ç¿ìjáT

|�³+`10 : úsÁT �Ð¹s ç|�ç¿ìjáT
ÿ¿£ ;¿£sÁTýË d�>·+ esÁÅ£� ú{ì� �+|¾  <��

eTÖÜ�|Õ |�³+`10ýË #áÖ|¾q $<ó�+>± y�#Y>±¢d�TqT
�+#á+&�. � y�#Y>±¢d�TýË ¿=�� #áT¿£Ø\ d¾s�qT
yûjáT+&�. ;¿£sÁTqT yû&�#ûd�Öï, y�#Y>± ¢dtqT
|�]o*+#á+&�. y�#Y >±¢dtýË� d¾s�ýË eÖsÁTÎ ÈsÁ>·&�+
�ÐbþjûT+ÔáesÁÅ£� yû&�#ûjáT&��� ¿=qkÍÐ+#á+&�.

y�#Y>±¢dtqT+&� �Ð]q |�<�sÁ�+ @yîT® �+³T+~?
y�#Y>±¢dtýË @yîT®H� neXâw�+ $TÐ*+<�?

úsÁT, sÁ+>·T\T ¿£\e&�+ e\q @sÁÎ&�q $TçXøeTyûT
d¾s�. � ¿£�Ôá«+ýË eTq+  �Ð¹s  <ó�s����
�|�jîÖÐ+º d¾s� ($TçXøeT+)  qT+&�  <��
n+ouó�ÖÔ�\qT yûsÁT #ûkÍ+.

�ýËº+#á+&� ` #á]Ì+#á+&�

l �Ð¹s |�<�ÆÜ� �|�jîÖÐ+º �|ç{ËýÙýË ¿ìsÃd¾H�
¿£©ï� ¿£qT>=qe#áTÌH�?

¿£�Ôá«+`7ýË MTsÁT d¾s� nHû~ ç<�$Ôá+, ç<�eDT\
$TçXøeT+ n� Ôî\Td�TÅ£�H��sÁT. ¿±� d¾s�ýË ç<�$Ôá+>±
�q� sÁ+>·TýË ÿ¿£fñ sÁ+>·T �+<�? <��ýË m��
ç<�$Ô�\T �H��sTT? y�{ì� ¿£qT¿ÃØe&�+ mý²?
d¾s�ýË >·\ sÁ+>·TýË � n+ouó�ÖÔ�\qT yûsÁT#ûjáT
&��¿ì @ |�<�ÆÜ �|�jîÖ>· |�&�TÔáT+~? �ý²+{ì |�]d¾�ÔáT
\ýË ç¿=eT{Ëç>·|�Ó (Chromatography) nHû ç|�ç¿ìjáTqT
�|�jîÖÐkÍï+.
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Allow the water to move up the paper

for 5 minutes and then remove the strip

from water. Let it dry.

What colours did you observe in the

black ink sample?

Take two more paper strips and markers

as samples and do the experiment. Do the

colours occur in the same order and in the

same location on all the samples?

Instead of non permanent marker use a

permanent marker. What will you observe?

Now touch the marker line to water.

What will you notice?

Instead of thick line, draw a thin line

on the paper strip with non- permanent

marker? Will your results change in each

case?

l Is chromatography used only to

seperate components of coloured

compounds?

6.9 Separation of immiscible

and miscible liquids

A liquid is said to be miscible if it

dissolve completely in another liquid. For

example alcohol is miscible in water. Can

you give some more examples for miscible

liquids?

An immiscible liquid is one which

doesn’t dissolve but forms a layer over

another liquid and can be separated easily

like oil is immiscible in water.

Can you name any such liquids from

your daily observation?

Do you know how to separate

immiscible liquids?

Chromatography is a laboratory

technique for the separation of mixtures

into its individual components. We can use

chromatography to separate components

in ink. The process can also be used to

separate the coloured pigments in plants

and flowers. It is used to determine the

composition of mixtures.

6.8 Paper Chromatography

Aim: Separating the components of ink

using paper chromatography.

Material required: Beaker, rectangular

shaped filter paper, black marker (non-

permanent), water, pencil and cello tape.

Procedure : Draw a thick line  just above

the bottom of the filter paper using the

marker. Pour some water in  the beaker and

hang the paper strip with the help of a pencil

and cello tape in such a way that it should

just  touch the surface of water as shown

in fig.- 11. Make sure that the ink line or

mark does not touch the water.

Pencil

Cello tape

Strip of

filter paper

Beaker

Marker

Line

Fig-11: Separating the components of ink

Lab Activity

S
C
E
R
T, T

E
LA

N
G
A
N
A



eTq #áT³Ö¼ �+&û |�<�sÁ�+ Xø�<�ÆyûTH� ?$<�«sÁT�\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£ 182

ç¿=eT{Ëç>·|�¾ (Chromatography) nHû~ ÿ¿£
ç|�jîÖ>·Xæ\ ç|�ç¿ìjáT. B� <�Çs� ÿ¿£ $TçXøeT+ýË
>·\ _óq� n+ouó�ÖÔ�\qT yûsÁT #ûjáTe#áTÌ. � |�<�ÆÜ�
d¾s�ýË >·\ sÁ+>·TýË� n+ouó�ÖÔ�\qT yûsÁT
#ûjáT&��¿ì �|�jîÖÐkÍïsÁT. yîTT¿£Ø\ýË, |�ÚcÍÎ\ýË
�q� sÁ+>·TesÁ�¿±\qT (colour pigment) yûsÁT#ûjáT
&��¿ì Å£L&� � |�<�ÆÜ �|�jîÖ>·|�&�TÔáT+~. n<û
$<ó�+>± � |�<�ÆÜ�  $$<ó� |�<�s��\ sÁkÍjáTq
d�+jîÖ>±\qT ¿£qT>=q&��¿ì Å£L&� �|�jîÖÐ+#á
e#áTÌ.

6.8 ¿±ÐÔá|�Ú ç¿=eT{Ëç>·|�¾

\¿£�«+ : d¾s� ýË �q� n+ouó�ÖÔ�\qT ¿±ÐÔá+
ç¿=eT{Ëç>·|�¾ |�<�ÆÜ <�Çs� yûsÁT#ûjáT&�+.
¿±e\d¾q |�<�s��\T: ;¿£sÁT, BsÁé#áÔáTsÁçkÍ¿±sÁ|�Ú
e&�bþÔá ¿±ÐÔá+, q\T|�Ú sÁ+>·T eÖsÁØsY �|H�, úsÁT,
�|�àýÙ, �dýË¢fñ|t.
$<ó�q+ : e&�bþÔá ¿±ÐÔá+ jîTT¿£Ø n&�T>·T uó²>±�¿ì
¿=+#î+ �|Õq eÖsÁØsYÔÃ ÿ¿£ ý²eÚ ^ÔáqT ^jáT+&�.
;¿£sÁTýË ¿=+#î+ ú{ì� bþd¾, ÿ¿£ �|�àýÙÅ£� e&�bþÔá
¿±ÐÔá+qT �dýË¢fñ|tÔÃ nÜ¿ì+º, ¿±ÐÔá+ ºesÁ ú{ì¿ì
ÔáÐýñ³³T¢ |�³+ 11ýË #áÖ|¾q $<ó�+>± yûý²&�
BjáT+&�. ̂ ºq ̂ Ôá ú{ì¿ì n+³T¿ÃÅ£�+&� #áÖ&�+&�.

¿±ÐÔá+ ÿ¿£ ºesÁ ú{ì¿ì ÔáÐýñ³³T¢ �+&�&�+
e\q úsÁT HîeT�~>± �|Õ¿ì bÍÅ£�ÔáT+~. 5�öö Ôás�ÇÔá
e&�bþÔá ¿±ÐÔ��� Ô=\Ð+º �sÁújáT+&�.

q\¢� ̂ ÔáýË� sÁ+>·T eÖsÁTÎqT >·eT�+#á+&�. @
sÁ+>·T\T |�]o*+#�sÁT?

n<û eÖ~]>± eTsÃ Âs+&�T e&�bþÔá ¿±ÐÔ�\T,
eÖsÁØsY\qT �|�jîÖÐ+º �<û ç|�jîÖ>±�� eT°ß
#ûjáT+&�. �||�sY �|Õ qTq� q\¢ sÁ+>·T qeTÖH�\�|Õ
@sÁÎ&�q sÁ+>·T\T Ü]Ð n<û ç¿£eT+ýË, n<û ç|�<ûXø+ýË
@sÁÎ&�¦jáÖ? H�H� |�]�Hî+{Ù eÖsÁØsYÅ£� �<�T\T
|�]�Hî+{Ù eÖsÁØsYqT y�&�+&�. @+ >·eT�+#�sÁT? �
eÖsÁØsY ̂ ÔáqT ú{ì¿ì ÔáÐýñ³³T¢ �+ºÔû @+ eÖsÁTÎqT
MTsÁT >·eT�kÍïsÁT?

ý²eÚ ̂ ÔáÅ£� �<�T\T d�q�� ̂ ÔáqT H�H� |�]�Hî+{Ù
eÖsÁØsYÔÃ ̂ jáT+&�. ç|�r d�+<�sÁÒÛ+ýË MT |��*Ô�\T
eÖs�jáÖ?

ç¿=eT{Ëç>·|�¾ (Chromatography) � sÁ+>·T
ç<�eD²\ n+ouó�ÖÔ�\qT yûsÁT #ûjáT&��¿ì
eÖçÔáyûT �|�jîÖÐkÍïeÖ?

6.9 n$TçXøD¡jáT (Immiscible), $TçXøD¡jáT
(Miscible) ç<�y�\qT yûsÁT#ûjáTT³

ÿ¿£ ç<�e+ eTs=¿£ ç<�e+ýË |�P]ï>± ¿£*d¾bþÔû
y�{ì� $TçXøD¡jáT ç<�y�\T (Miscible Liquids)
n+{²+. �<�V�²sÁDÅ£� �\ØV�äýÙ ú{ìýË |�P]ï>±
¿£sÁT>·TÔáT+~. $TçXøD¡jáT ç<�y�\Å£� MTsÁT eT]¿=��
�<�V�²sÁD\qT �eÇ>·\s�?
ÿ¿£ ç<�e+ eTs=¿£ ç<�e+ýË |�P]ï>± ¿£\eÅ£�+&� ú{ìýË
qÖHî eÖ~]>± ÿ¿£<���|Õ ÿ¿£{ì bõsÁ\T>± @sÁÎ&�
d�T\TeÚ>± yûsÁT #ûjáT>·*¹> ç<�y�\qT n$TçXøD¡jáT
ç<�y�\T (immiscible liquids) n+{²+.
�Ôá«J$Ôá+ýË MTsÁT >·eT�+ºq �ý²+{ì ç<�y�\qT
#î|�Î>·\s�?
n$TçXøD¡jáT ç<�y�\qT @ $<ó�+>± yûsÁT #ûkÍïsÃ MTÅ£�
Ôî\TkÍ?|�³+`11: d¾s�ýË �q� n+ouó�ÖÔ�\qT yûsÁT#ûjáT&�+

�|�àýÙ

�dýË¢ fñ|t

e&�bþÔá
¿±ÐÔá+

;¿£sÁT

eÖsÁØsYÔÃ
^ºq ^Ôá

ç|�jîÖ>·Xæ\ ¿£�Ôá«+
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Activity-8

6.9.1 Separation of immiscible liquids

Fig-12: Separating funnel

You must have seen a mixture of oil

and water. How many layers do you

observe? How do you separate the two

components?

Take a separating funnel and pour the

mixture of kerosene  and water in it. Let it

stand undisturbed for some time. So that

separate layers of oil and water are formed.

Open the stopcock of the separating funnel

and pour out the lower layer (water)

carefully. Close the stopcock of the

separating funnel as the oil reaches the

stop-clock.  This method is used to

separate immiscible liquid according to

their density.

6.9.2 Separation of a mixture of
two miscible liquids

Sometimes a homogeneous solution is

formed by the mixing of liquids. Some

liquids have the property of mixing in all

proportions, forming a homogeneous

solution. Water and ethanol, for example,

are miscible because they mix in all

proportions. How can we separate such

mixtures?

6.10 Distillation

Activity-9

Separation of two miscible liquids by

distillation

Acetone and water are also miscible.

Take a mixture of acetone and water in a

distillation flask. Fit it with a thermometer

and clamp it to stand. Attach the condenser

to the flask and on the other side of the

condenser keep a beaker to collect

distillate. Heat the mixture slowly keeping

a close watch on the thermometer. The

acetone vaporizes and condenses in the

condenser. Acetone can be collected from

the condenser outlet. Water remains in the

distillation flask.

The separation technique used above is

called distillation. Distillation is used in

the separation of components of a mixture

containing two miscible liquids. But there

should be a large difference in the boiling

points of the two liquids.

Thermometer

Water Outlet

Water
condenser

Cold water in

Acetone

Mixture

of Acetone

andWater

Distillation

Flask

Clamp

Fig-13: Separating the mixture of

Acetone and water by distillation

Kerosene Oil

Stop Cock

Water
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<̧�s��MT³sY

úsÁT �jáT³Å£�
¿±¢+|t

ú{ì¿£+&îqàsY

#á\¢� úsÁTýË|�\Å£�
md¾{ËH�

md¾{ËH�GúsÁT
�dÇ<�q
 Å£��|Î

¿±¢+|t

|�³+`13: �dÇ<�q ç|�ç¿ìjáT <�Çs� md¾{ËH�,
úsÁT\ $TçXøeÖ�� yûsÁT#ûjáT&�+

úsÁT

¿ìsÃd¾H�

kÍ¼|t¿±¿ù

¿£�Ôá«+ ` 8

6.9.1 n$TçXøD¡jáT (Immiscible) ç<�y�\qT
     yûsÁT#ûjáT&�+

|�³+`12: yûs�Î³T >·s�³T

qÖHî, úsÁT\ $TçXøeÖ�� MTsÁT >·eT�+º
�+{²sÁT. <��ýË m�� bõsÁ\T+{²sTT? � Âs+&�T
nqT|��T³¿±\qT mý² yûsÁT #ûkÍïsÁT?

ÿ¿£ yûs�Î³T >·s�³TqT (Separating Funnel)

rd�T¿=� <��ýË�¿ì úsÁT eT]jáTT ¿ìsÃd¾H�/�eTT<�+
qÖHî\ $TçXøeÖ�� bþjáT+&�. � >·s�³TqT ¿=+Ôá
d�eTjáT+ ¿£<�|�Å£�+&� d¾�sÁ+>± �+#á+&�. <��e\q
�eTT<�+/¿ìsÃd¾H�, ú{ì jîTT¿£Ø bõsÁ\T @sÁÎ&�Ô�sTT.
�|�Ú&�T yûs�Î³T >·s�³TÅ£� neT]Ì �q� kÍ¼|t ¿±¿ùqT
(Stop Cock) ÔîsÁº ¿ì+~ bõsÁýË �q� ú{ì�
HîeT�~>± �jáT³Å£� rjáT+&�. qÖHî kÍ¼|t ¿±¿ùqT
#ûsÁ>±Hû yî+³Hû <��� eTÖjáT+&�. � |�<�ÆÜýË
n$TçXøD¡jáT ç<�y�\ýË� nqT|��T³¿±\qT y�{ì
kÍ+ç<�Ôá\ �<ó�sÁ+>± yûsÁT#ûjáTe#áTÌ.

Âs+&�T $TçXøD¡jáT (Miscible) ç<�y�\ $TçXøeT+qT
yûsÁT#ûjáTT³

¿=��kÍsÁT¢ Âs+&�T ç<�y�\T ¿£\e&�+ e\q d�C²rjáT
ç<�eD+ @sÁÎ&�TÔáT+~. ¿=�� ç<�y�\T d�T\uó�+>± @
nqTbÍÔá+ýËHîÕH� |�P]ï>± ¿£*d¾bþjûT <ó�s���� ¿£*Ð
�+&�&�+ e\q d�C²rjáT ç<�eD²�� @sÁÎsÁTkÍïsTT.
B�Hû $TçXøD¡jáTÔá (Miscibility) n+{²+.

�<�V�²sÁDÅ£� úsÁT, �<�̧H�ýÙ @ nqTbÍÔá+ýË HîÕH�
¿£*d¾bþÔ�sTT ¿±eÚq �$ $TçXøD¡jáT ç<�y�\T.
�ý²+{ì $TçXøeÖ\qT eTqyîTý² yûsÁT#ûkÍïs?

6.10 �dÇ<�q+
¿£�Ôá«+ ` 9

�dÇ<�q ç|�ç¿ìjáT <�Çs� $TçXøD¡jáT ç<�y�\qT
yûsÁT#ûjáTT³

 md¾{ËH� (Acetone), úsÁT Å£L&� $TçXøD¡jáT
ç<�y�ýñ. md¾{ËH�, ú{ì $TçXøeÖ�� �dÇ<�q Å£��|ÎýË
(Distillation Flask) rd�T¿=+&�. B�¿ì  <̧�s��MT³sYqT
_Ð+º kÍ¼+&�TÅ£� neTsÁÌ+&�. ¿£+&îqàsY jîTT¿£Ø ÿ¿£
ºesÁqT �dÇ<�q Å£��|ÎÅ£� _Ð+º, eTs=¿£ ºesÁýË
;¿£sÁTqT �+#á+&�. $TçXøeÖ�� HîeT�~>± yû&�#ûd�Öï
C²ç>·Ôáï>± <̧�s��MT³sYqT |�]o*+#á+&�. uó²wÓÎuó�eq+
#î+~q md¾{ËH� ¿ £+&îqàs YýË ç< ó �Muó �eq+
#î+<�TÔáT+~. ç<�esÁÖ|�+ýË �q� md¾{ËH�qT
¿£+&îqàsY ºesÁ �q� ;¿£sÁTýË �d¿£]+#áe#áTÌ. úsÁT
eÖçÔá+ �dÇ<�q Å£��|ÎýËHû �+&�bþÔáT+~.

�|Õ $<ó �+>±  $TçXøD¡jáT ç<�y�\qT yûs ÁT
#ûjáT&��¿ì y�&û � |�<�Æ�ÝÜ� �dÇ<�q+ (distilation)

n+{²+. Âs+&�T $TçXøD¡jáT ç<�y�\qT ¿£*Ð �q�
$TçXøeT+ýË� nqT |��T³¿±\qT yûsÁT #ûjáT&��¿ì
�dÇ<�q  |�<�ÆÜ� �|�jîÖÐkÍï+. Âs+&�T ç<�y�\
uó²wÓÎuó�eq �cþ�ç>·Ôá\ýË Ôû&� #�ý² mÅ£�Øe>±
�q�|�ÚÎ&�T � |�<�ÆÜ �|�jáTT¿£ï+>± �+³T+~.
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6.11  What if the boiling points of
the two liquids are close to
each other?

To separate two or more miscible

liquids when the difference in their boiling

points is less than 25oC, fractional

distillation process is used. If the

difference in boiling points is greater than

250C, a simple distillation is used.

Do you know what process of

fractional distillation is?

The apparatus is similar to that for

simple distillation except that a

fractionating column is fitted in between

the distillation flask and the condenser.

A simple fractionating column is a tube

packed with glass beads. The beads provide

maximum possible surface area for the

vapours to cool and condense repeatedly

as shown in Fig.14

Fig-14: Fractional distillation

· Can you give any examples where we use

this technique?

· How can we obtain different gases from

air ?

We have learnt that air is a

homogeneous mixture. Can it be separated

into its components?

Let’s see the flow chart which gives the

steps of the process.

Air

Compress and cool by increasing pres-

sure and decreasing temperature

Liquid air

Allow to warm up slowly in fractional

distillation column

Gases get separated at different temperatures

Points Oxygen Argon Nitrogen

Boiling points (0C) -183 -186 -196

% air by volume 20.9 0.9 78.1

 Flow chart shows the process of

obtaining gases from air

Thermometer

Water Outlet

Water

condenser

Cold water in

Pure liquid

component

Mixture

Distillation

Flask

Clamp

Cork

Fractionating

column

Cork

Air in

Filter
Freezing

cold water in

Carbon dioxide

out as dry ice
Expansion

jet

Liquid

Air

Fractional

distillation

column

Nitrogen
out

Argon
out

Liquid
oxygen

Separator

Cold
Compressed

air

Water out

Hot Air

Air
under

pressure

Fig-15: Separation of componants of air
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6.11 uó²wÓÎuó�eqkÍ�H�\ýË e«Ô�«d�+ #�ý²
ÔáÅ£�Øe>± �q� ç<�y�\qT yûsÁT
#ûjáT&��¿ì  @ |�<�ÆÜ �|�jáTT¿£ïyîT®q~?

Âs+&�Ö ýñ<� n+Ôá¿£+fñ mÅ£�Øe $TçXøD¡jáT ç<�y�\
jîTT¿£Ø uó²wÓÎuó�eq kÍ�H�\ýË e«Ô�«d�+ 25oC ¿£+fñ
ÔáÅ£�Øe>± �+&û ç<�y�\qT yûsÁT #ûjáT&��¿ì n+¥¿£
�dÇ<�q ç|�ç¿ìjáT (Fractional Distillation) qT
�|�jîÖÐkÍïs. � e«Ô�«d�+ 25oC ¿£+fñ mÅ£�Øe>±
�+fñ kÍ<ó�sÁD �dÇ<�q (Simple Distillation)
ç|�ç¿ìjáTqT �|�jîÖÐkÍïs.

n+¥¿£�dÇ<�q (Fractional Distillation) ç|�ç¿ìjáT
n+fñ @$T{Ë MTÅ£� Ôî\TkÍ?

n+¥¿£ �dÇ<�q ç|�ç¿ìjáTýË |�]¿£s�\ neT]¿£
kÍ<ó�sÁD �dÇ<�q |�ç¿ìjáT eÖ~]>±Hû �+³T+~.
nsTTÔû �dÇ<�q Å£��|Î eT]jáTT ¿£+&îqàsY\ eT<ó�«
�dÇ<�q >·~ (Fractionating column) �+³T+~.
�dÇ<�q >·~ nHû~ >±E |�Pd�\T �+|��&�q ÿ¿£
H�[¿£. uó²w�Î y�jáTTeÚ\T �sÁ+ÔásÁ+>±  #á\¢�&�&��¿ì,
|��Túuó�$+#á&��¿ì ned�sÁyîT®q+Ôá �|�]Ôá\ yîÕXæý²«��
>±E |�Pd�\T ¿£*ÎkÍïsTT. B�� |�³+`14 ýË
#áÖ&�e#áTÌ.

|�³+`14 : n+¥¿£ �dÇ<�q ç|�ç¿ìjáT
n+¥¿£ �dÇ<�q ç|�ç¿ìjáTqT �|�jîÖÐ+#û
d�+<�s�ÒÛ\Å£�  ÿ¿£ �<�V�²sÁD �eÇ>·\s�?
>±* qT+&� $$<ó� y�jáTTeÚ\qT eTqyîTý²
yûsÁT#ûkÍï+?

   >±* ÿ¿£ d�C²rjáT $TçXøeT+ n� eTqÅ£�  Ôî\Td�T.
<��ýË� nqT|��T³¿±\qT eTq+ yûsÁT #ûjáT>·\eÖ?

>±*ýË� nqT|��T³¿±\qT yûsÁT#û�d ç|�ç¿ìjáTýË�
$$<ó� <�Xø\qT Ôî*jáTCñ�d b�þ¢#�sÁT¼qT |�]o*+#á+&�.

>±*

i
>±*�|Õ |Ó&�H��� �|+#áTÔáÖ, �cþ�ç>·ÔáqT ÔáÐZd�Öï

#á\¢�sÁ&�+
i

ç<�esÁÖ|� >±*

i
ç<�esÁÖ|� >±*� �dÇ<�q >·~ (fractionating

Column) ýË¿ì |�+|¾ d�Ç\Î+>± yû&� #ûjáT&�+
i

$$<ó� �cþ�ç>·Ôá\ e<�Ý >±*ýË� y�jáTTeÚ\T yûsÁ>·T³.
i

<�̧s��MT³sÁT

úsÁT �jáT³Å£�

ú{ì ¿£+&îqàsY
#á\¢�úsÁT ýË|�\Å£�

Xø�<�Ý ç<�e+

$TçXøeT+
�dÇ<�q
Å£��|Î

¿±¢+|t

_sÁ&�

n+¥¿£
�dÇ<�q >·~

_sÁ&�

-183            -186             -196

20.9             0.9               78.1

�¿ìàÈH� �s�ZH� HîÕç{ËÈH�
ç<�Muó�eq kÍ�H�\T (oC)

>±*ýË |��Tq|�]eÖD
XæÔá+ (d�TeÖsÁT>±)

>±* qT+&� yûsÁTyûsÁT y�jáTTeÚ\qT bõ+<û
$<ó�H��� #áÖ�| b�þ¢ #�sÁT¼

ýË|�{ì¿ì
yîÞâß>±*

|�¾\¼sY
|��Túuó�$d�Tïq�
úsÁT

¿±sÁÒH� &îÕ�Â¿Õà&�
(bõ&� eT+#áT)

y�«|�q H�d¾¿£

ç<�esÁÖ|�>±*
n+¥¿£�dÇ<�q �|{ì¿£

HîÕç{ËÈH�
�s�ZH�

ç<�e �¿ìàÈH�

d�|�¹s³sY

n<�eT�&�q #á\¢{ì >±*

úsÁT �jáT³Å£� bþeÚ <�]

 yû&� >±*

d�+|Ó&�q+
#î+~q>±*

|�³+`15 : >±*ýË� n+ouó�ÖÔ�\qT yûsÁT#ûjáT&�+

�jáT³Å£�
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If we want oxygen gas from air

(fig.--15), we have to separate out all the

other gases present in the air. The air is

compressed by increasing the pressure and

is then cooled by decreasing the temperature

to get liquid air. This liquid air is allowed to

warm up slowly in a fractional distillation

column where gases  separated at different

temperatures depending upon their boiling

points.

Think and discuss

· Arrange the gases present in air in

increasing order of their boilling

points. What do you observe?

· Which gas forms the liquid first as the

air is cooled?

6.12 Types of pure substances

So far we have studied about mixtures

example – substances whose components

can be separated by physical methods. What

about substance that cannot be separated

further by any of the methods of separation?

We call them as pure substances. Let us

explore further about them.

Activity-10

Can we separate Sulphur and

Oxygen from Copper sulphate

Take concentrated solution of copper

sulphate in beaker and drop a piece of

aluminum foil in it. After some time you

will observe a layer of copper deposited on

the aluminum foil. The solution becomes

colourless. Why did this happen?

(recall activities of the chapter on

Metals and Non-metals)

We know that a chemical reaction

takes place among the copper ions

present in the solution with aluminum and

copper metal is separated. Does it mean

that copper sulphate is a mixture? No it is

not.

Here copper cannot be separated

from sulpher and oxygen by any physical

process. It can be separated only by a

chemical reaction. Substances such as

copper sulphate are called compounds.

Table-4 : Mixtures and Compounds

Mixtures                 Compounds

1. Elements or compounds just mix together to 1. Elements react to form new compounds.

form a mixture and no new compound is formed.

2. A mixture has a variable composition. 2. The composition of each new substance is
always fixed.

3. A mixture shows the properties of the 3. The new substance has totally different
constituent substances. properties.

4. The constituents can be separated fairly easily 4. The constituents can be separated only by

by physical methods. chemical or electrochemical reactions.

Think and discuss
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 eTqÅ£� >±*ýË�  �¿ìàÈH� ¿±y�\qTÅ£�+fñ,
<��ýË� �ÔásÁ y�jáTTeÚ\��+{ì� yûsÁT |�s�Ì*
(|�³+`15). |Ó&�q+ �|+#áTÔáÖ >±*� d�+|Ó&�«+
#î+~+#�*. Ôás�ÇÔá �cþ�ç>·ÔáqT ÔáÐZ+º #á\¢�sÁ#�*.
n|�ð&�T >±* #á\¢�&� ç<�esÁÖ|�+ýË�¿ì eÖsÁTÔáT+~.
ç<�esÁÖ|�+ýË  �q�  >±*�  �dÇ<�q  >·~ýË
yî#áÌ�]ºq³¢sTTÔû yû¹sÇsÁT �cþ�ç>·Ôá\ e<�Ý y�jáTTeÚ\T
y�{ì eTsÁT>·T kÍ�H�\qT nqTd�]+º yûsÁeÚÔ�sTT.

�ýËº+#á+&� ` #á]Ì+#á+&�

l >±*ýË� y�jáTTeÚ\��+{ì� y�{ì y�{ì
eTsÁT>·TkÍ�H�\T �|]¹> ç¿£eT+ýË neTsÁÌ+&�.
@+ >·eT�+#�sÁT?

l >±* #á\¢�&�&�+ e\q @ y�jáTTeÚ eTT+<�T>±
ç<�esÁÖ|�+ýË¿ì eÖsÁTÔáT+~?

6.12 Xø�<�Æ |�<�s��\T (Pure substances) `
   sÁ¿±\T:

eTq+ �|�Î{ìes ÁÅ£� $TçXøeÖ\ >·T]+º
Ôî\Td�TÅ £ �H��+. $T çX øeÖ\ qT+&� y�{ì
n+ouó�ÖÔ�\qT, yûsÁT|�sÁTÌ uó�Ü¿£ ç|�ç¿ìjáT\ >·T]+º
HûsÁTÌ¿=H��+. ¿±ú ¿=�� |�<�s��\ qT+&� y�{ì
n+ouó�ÖÔ�\qT eTq+ #á]Ì+ºq @ uó�Ü¿£ ç|�ç¿ìjáTÔÃ
Å£L&� yûsÁT #ûjáTýñ+. �ý²+{ì |�<�s��\Hû
Xø�<�Æ|�<�s��\T n+{²s. M{ì >·T]+º eT]+Ôá
$d�ï�Ôá+>± Ôî\Td�TÅ£�+<�+.

¿£�Ôá«+`10

¿±|�sY d�ýñÎÛ{Ù qT+&� d�\ÎÛsY eT]jáTT �¿ìàÈH�qT
yûsÁT#ûjáT>·\eÖ?

>±&ó� ¿±|�sY d�ýñÎÛ{Ù ç<�eD²�� ÿ¿£ ;¿£sÁTýË
rd�T¿=�, <��ýË ÿ¿£ n\Ö«$T�jáT+ ¹sÅ£�qT
yûjáT+&�. ¿=+Ôá d�eTjáÖ�¿ì n\Ö«$T�jáT+
¹sÅ£�eTT¿£Ø�|Õ ¿±|�sY bõsÁ  @sÁÎ&�&�+ |�]o*+#áe#áTÌ.
¿±|�sYd�ýñÎÛ{Ù ç<�eD+ Ôáq sÁ+>·TqT ¿ÃýËÎÔáT+~.
�ý² m+<�TÅ£� ÈsÁT>·TÔáT+~?

(>·eT�¿£: 8e ÔásÁ>·ÜýË� ýËV�ä\T eT]jáTT
nýËV�ä\T n<ó�«jáT+ýË� n+Xæ\qT >·TsÁTïÅ£�
Ôî#áTÌ¿Ã+&�.)

>±&ó� ¿±|�sY d�ýñÎÛ{Ù ç<�eD+ÔÃ n\Ö«$T�jáT+
¹sÅ£� sÁkÍjáT�¿£ #ásÁ« ÈsÁT|�ÚÔáT+<�� eTqÅ£� Ôî\Td�T.
� #ásÁ«ýË ¿±|�sY d�ýñÎÛ{Ù ç<�eD+ýË ¿±|�sY ýËV�²+
yûsÁT|�&� n\Ö«$T�jáT+ ¹sÅ£��|Õ |�PÔá>± @sÁÎ&�TÔáT+~.
n+<�Te\q ¿±|�sY d�ýñÎÛ{Ù ç<�eD²�� eTq+  $TçXøeT+
n� nq>·\eÖ? ýñ<�T, n~ $TçXøeT+ ¿±<�T.

 m+<�T¿£+fñ eTq+ �¿£Ø&� ¿±|�sYqT, d�\ÎÛsY eT]jáTT
�¿ìàÈH�\ qT+&� @ uó�Ü¿£ ç|�ç¿ìjáT <�Çs� Å£L&�
yûsÁT #ûjáTýñ+. B�� ¹¿e\+ sÁkÍjáT�¿£ ç|�ç¿ìjáT <�Çs�
eÖçÔáyûT yûsÁT#ûjáT>·\+. n+<�T¹¿ ¿±|�sY d�ýñÎÛ{Ù e+{ì
|�<�s��\qT d�+jîÖ>· |�<�s��\T n+{²s.

|�{ì¼¿£ ̀  4 : $TçXøeÖ\T eT]jáTT d�+jîÖ>· |�<�s��\T
$TçXøeT |�<�s��\T d�+jîÖ>· |�<�s��\T

1. eTÖ\¿±\T ýñ<� |�<�s��\ ¿£\sTT¿£ <�Çs� $TçXøeÖ\T
@sÁÎ&�Ô�sTT, ¿±� ç¿=Ôáï |�<�s��\T @sÁÎ&�eÚ.

2. $TçXøeÖ\ýË _óq� n+ouó�ÖÔ�\T �+{²sTT.
3. $TçXøeT+, <�� n+ouó�ÖÔá |�<�s��\ <ó �s��\qT

#áÖ|�ÚÔáT+~.
4. $TçXøeTeTTýË� n+ouó�ÖÔ�\qT uó�Ü¿£ ç|�ç¿ìjáT\ <�Çs�

yûsÁT#ûjáTe#áTÌqT.

1. eTÖ\¿±\ sÁkÍjáTq #ásÁ« e\q d�+jîÖ>· |�<�s��\T
(¿=Ôáï |�<�s��\T) @sÁÎ&�Ô�sTT.

2. � |�<�sÁ�+ýË ÿ¹¿ ÿ¿£ d�yûT�Þøq+ �+³T+~.
3. ¿=Ôáï|�<�sÁ�+, |�P]ï>± _óq� <ó�s��\qT ¿£*Ð �+³T+~.

4. n+ouó�ÖÔ�\qT sÁkÍjáT�¿£ ç|�ç¿ìjáT <�Çs�  ýñ<� $<�T«ÔY
sÁkÍjáTq #ásÁ«\ <�Çs� eÖçÔáyûT yûsÁT #ûjáT>·\TZÔ�+.
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We can define compounds as pure

substances that can be separated into two

or more components only by means of a

chemical reaction.

We now have two types of pure

substances

1.  Compounds

2.  Elements

Elements can be divided into metals,

non-metals and metalloids. We have already

studied properties of metals and non-

metals. Can you write down the names of

some elements that you know?

Elements have been used since the early

days of civilisation. Metals such as iron,

lead, copper, helped in the development of

civilizations. For thousands of years,

alchemists up to and including Isaac Newton

attempted to unearth new elements, and

study their properties.

Hennig Brand, a German alchemist,

boiled  urine to discover phosphorus in

1669. But it was not until the late 18th

century that our knowledge of the elements

really took off, as chemists developed new

ways to purify and isolate elements.

Sir Humphry Davy, was extremely

successful in discovering many elements -

sodium, magnesium, boron, chlorine and

many  more. Robert Boyle used the term

element and Lavoisier was the first to

establish a useful definition of element. He

defined.

An element as a basic form of matter

that cannot be broken down into

simpler forms by chemical reactions.

If any substance can be separated into

two or more constituent parts by a chemical

reaction, that substance is definitely a

compound.

What do we get when two or more

elements are combined? We can understand

through an activity.

Activity-11

Understanding the nature of elements,

compounds and mixtures

Divide the class into two groups. Give

5g of iron fillings and 3g of sulphur powder

in a china dish to both the groups.

Activity for group-1:

Mix and crush iron fillings and sulphur

powder. Check for magnetism in the

material obtained. Bring a magnet near the

material and check if the material is

attracted towards the magnet.

Activity for group-2:

Mix and crush iron fillings and

sulphur powder. Heat this mixture

strongly in china dish on a spirit lamp till

it becomes black. Remove it from flame

and let the mixture cool. Check for

magnetism in the material obtained.

Compare the texture and colour of the

material obtained by the two groups.
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d�+jîÖ>· |�<�s��\qT eTq+ »»Xø�<�Æ |�<�s��\Tµµ>±
#î|�Îe#áTÌ. M{ì� sÁkÍjáT�¿£ #ásÁ« <�Çs� eÖçÔáyûT
Âs+&�T ýñ<� n+Ôá¿£H�� mÅ£�Øe nqT|��T³¿±\T>±
(Components) $&�>=³¼>·\TZÔ�+.

Xø�<�Æ |�<�s��\T Âs+&�T sÁ¿±\T n$

1. d�+jîÖ>· |�<�s��\T (Compounds)

2. eTÖý¿±\T (Elements)

eTÖ\¿±\qT ýËV�ä\T, nýËV�ä\T eT]jáTT
nsÁÝýËV�ä\T (Metalloids)>± $uó��kÍï+. MTsÁT M{ìýË
ýËV�ä\T, nýËV�ä\ <ó�s��\qT �~esÁ¹¿ Ôî\Td�T
¿=H��sÁT. MTÅ£� Ôî*d¾q eTÖ\¿±\ �|sÁT¢ s�jáT+&�.

H�>·]¿£Ôá çbÍsÁ+uó�<�X ø qT+&� eTÖ\¿±\
$�jîÖ>·+ �+~. �qTeTT, dÓd�+, s�Ð yîTT<�\>·Tq$
H�>·]¿£Ôá n_óe�~Æ¿ì m+ÔÃ ÔÃ&�Î&�¦sTT. ¿=�� yû\
d�+eÔáàs�\ qT+&� sÁd�y�<�T\T (Alchemists)
yîTT<�\T¿=� ×È¿ù qÖ«³H� esÁÅ£� ¿=Ôáï eTÖ\¿±\qT
¿£qT>=Hû ç|�jáTÔá�+ #ûXæsÁT, y�{ì <ó�s��\qT
n<ó�«jáTq+ #ûXæsÁT.

1669e d�+ööýË �V²��+>́ çu²&� (Henning Brad)

nHû ÈsÁ�ú sÁd�y�~ (Alchemist) eTÖçÔ��� eT]Ð+º
uó²d�ÇsÁ+ (Phosphorous) qT ¿£qT>=Hû ç|�jáTÔá�+
#ûXæ&�T. 18e XøÔ��Æ+ ºe]¿ì sÁkÍjáTq Xæçd�ïyûÔáï\T
¿£qT>=q� qÖÔáq »Xø�~Æ#û�dµ ç|�ç¿ìjáT\T »»eTÖ\¿±\qT
yûsÁT#ûjáTT ç|�ç¿ ìjáT\µµ e\¢ eTÖ\¿±\ Å£�
d�+�+~ó+ºq $C²ãq+ n+<�Tu²³TýË¿ì eºÌ+~.

d�sY V�²+ç|¾&�yû (Sir humptry Davy) kþ&�jáT+,
yîT^�w¾jáT+, uËs�H�, ¿Ã¢]H� e+{ì mHÃ� eTÖ\¿±\qT
¿£qT>=qT³ýË $ÈjáT+ kÍ~ó+#�&�T. »eTÖ\¿£+µ
(Element) nHû |�<��� yîTT<�³ s��sY¼ u²sTTýÙ
(Robert Boyle) �|�jîÖÐ+#�&�T. ýñyÃsTTÈsY
(Lavoisier) eTÖ\¿±�¿ì ÿ¿£ �|�jáTT¿£ ïy îT®q
�sÁÇ#áH��� �#�Ì&�T.

»»eTÖ\¿£+ nHû~ |�<�sÁ�+ jîTT¿£Ø eTÖ\ sÁÖ|�+.
�~ sÁkÍjáTq#ásÁ«\ýË eT]¿=�� ¿£D²\T>±
$&�bþ<�Tµµ n� ýñyÃsTTÈsY �sÁÇº+#�&�T.

ÿ¿£ sÁkÍjáTq#ásÁ«ýË @<îÕH� |�<�sÁ�+, Âs+&�T ýñ¿£
n+Ôá¿£+fñ mÅ£�Øe nqT|��T³¿±\T>± $&�bþÔû �
|�<�sÁ�+ Ôá|�ÎÅ£�+&� d�+jîÖ>· |�<�sÁ�yûT.

Âs+&�T ýñ<� n+Ôá¿£+fñ mÅ£�Øe eTÖ\¿±\T
¿£*d¾q|�Ú&�T @+ @sÁÎ&�TÔáT+<Ã �|�ÚÎ&�T eTq+
Ôî\Td�TÅ£�+<�+.

¿£�Ôá«+ ` 11

eTÖ\¿±\T, d�+jîÖ>· |�<�s��\T, $TçXøeÖ\
d�Çuó²y��� ne>±V�²q #ûd�T¿Ãe&�+

ÔásÁ>·Ü >·~� Âs+&�T d�eTÖV�ä\T>± $uó��+#á+&�.
� Âs+&�T d�eTÖV�ä\Å£� ÿ¿£ |¾+>±Dì bÍçÔáýË 5ç>±öö\
�qT|� sÁÈqT (Iron fillings) eT]jáTT 3ç>±öö d�\ÎÛsY
bõ&�� ¿£*|¾ �eÇ+&�.

È³T¼̀ 1 ¿£�Ôá«+

�qT|� sÁÈqT, d�\ÎÛsY bõ&�� u²>± ¿£*|¾ �
$TçXøeT+ <�>·ZsÁÅ£� ÿ¿£ njáTkÍØ+Ô��� rd�TÅ£�sÁ+&�.
� $TçXøeT+ njáTkÍØ+Ôá+#ûÔá �¿£]ü+#á�&�+<�?
ýñ<�? |�]o*+#á+&�.

È³T¼̀ 2 ¿£�Ôá«+

�qT|� sÁÈqT, d�\ÎÛsY bõ&�� u²>± ¿£*|¾, �
$TçXøeÖ�� ÿ¿£ #îÕH� &�wtýË rd�T¿=� kÍs�sTT B|�+ÔÃ
q\¢>± eÖ¹sesÁÅ£� yû&�#ûd¾ #áý²¢sÁÌ+&�. � $TçXøeT+
jîTT¿£Ø njáTkÍØ+Ôá <ó�s���� |�]o*+#á+&�. Âs+&�T
d�eTÖV�ä\ýË @sÁÎ&�q $TçXøeÖ\ sÁ+>·TqT,  ¿£D²\
neT]¿£qT (Texture)qT bþ*Ì #áÖ&�+&�.
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Key words

Now answer the following

· Did the material obtained by the two

groups look the same?

· Which group has obtained a material

with magnetic property?

· Can we separate the components of the

material obtained?

Group-1 has carried out the activity

involving a physical change. Where as

group-2 examined a chemical change. The

material obtained by group 1 is a mixture

of two substances. i.e. iron and sulphur,

which are elements.

The properties of mixture are the same

as that of its constituents. The material

obtained by the group 2 is a compound. On

heating the two elements strongly we get

compound, which has totally different

properties, compared to the properties of

the combining elements. The composition

of a compound is the same throughout. We

can also observe that the texture and colour

of the compound is the same throughout

its volume.

The chemical and physical nature of the

matter is better understood by the

following flow chart.

Matter (Solid,
liquid or gas)

Pure substance

(Fixed composition)
Can’t be separated by normal

physical methods

Mixtures

(No fixed composition)
Can be separated by normal

physical methods

Compounds
...........................................

Have fixed composition canbe broken
down into elements by chemical or

electrochemical reactions
...............................................

for example, water, methane, sugar,
salt, etc

Heterogeneous

.............................

Non uniform composition

.............................

for example, sand and salt, sugar

and salt, water in oil etc

Homogeneous
.................................
Uniform composition

.....................................
for example, sugar in water,

salt inwater, sulphur in carbon
disulphide,water in alcohol etc

Elements

...........................................

cannot be broken down to simpler

substances

...............................................

for example, copper, oxygen, iron,

hydrogen, mercury, etc

Pure substances, Mixture,  Heterogeneous mixture, Homogeneous mixture, Solution,

Suspension, colloids,  solvent, solute, concentration of solution, Tyndall effect, Evaporation,

Centrifuge, Immiscible liquids, Miscible liquids, Chromatography, distillation, Fractional

distillation,  Elements, Compounds. Disperse  phase, dispersion medium.
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|�<�sÁ�+
(|��Tq, ç<�e, y�jáTT

|�<�s��\T)

Xø�<�Æ |�<�sÁ�+
(kÍ<ó�sÁD+>± uó�Ü¿£

|�<�ÝÔáT\ýË yûsÁT
#ûjáTýñ�$)

$TçXøeT+
 (kÍ<ó�sÁD+>± uó�Ü¿£

|�<�ÝÔáT\ýË yûsÁT
#ûjáT>·*¹>$)

$C²rjáT $TçXøeÖ\T
...........................................

@¿£̄ Ü d�+jîÖÈ¿£Ôá ýñ�$
...............................................
�<�: �d�T¿£ eT]jáTT �|�ð, #áÂ¿ØsÁ
eT]jáTT �|�ð, ú{ìýË ¿£*d¾eÚq�

�sTTýÙ

eTÖ\¿±\T
...........................................

ºq� ¿£D²\T>± $uó��+|�ýñ�$
...............................................

s�Ð, �qTeTT, bÍ<�sÁd�+,
�¿ìàÈH�, �VÕ²ç&ÃÈH� yîTTöö

d�+jîÖ>· |�<�s��\T
...........................................

�]�w�¼ d�+jîÖÈ¿£Ôá¿£\$,
nqT|��T³¿£ eTÖý¿±\T>±

$uó��+#á�&û$.
...............................................
�<�` úsÁT, $T<û̧H�, #á¿£ØsÁ,

�|�ÚÎ yîTT<�\>·Tq$

d�C²rjáT $TçXøeÖ\T
...........................................
ÿ¹¿sÁ¿£yîT®q d�+jîÖÈ¿£Ôá >·\$.
...............................................

�<�: #á¿£ØsÁ ç<�eD+,\eD
ç<�eD+, ¿±sÁÒH� &îÕ d�ýÉÕÎÛ&�ýË �q�
d�\ÎÛsY, �ý²ØV�äýÙ ç<�eD+ yîTTöö

MT |�]o\q\qT �{ì¼ ¿ì+~ ç|�Xø�\Å£� d�eÖ<ó�H�
*eÇ+&�.

Âs+&�T d�eTÖV�ä\ýË \_ó+ºq |�<�s��\T ÿ¹¿
$<ó�+>± �H��jáÖ?
@ d�eTÖV�²+ýË� |�<�s���¿ì njáTkÍØ+Ôá <ó�sÁ�+
�+~?
\_ó+ºq |�<�sÁ�+ýË� nqT|��T³¿±\qT yûsÁT
#ûjáT>·\eÖ?

d�eTÖV�²+`1 #ûd¾q ¿£�Ôá«+ýË uó�Ü¿£ eÖsÁTÎ
È]Ð+~. d�eTÖV �ä+`2 #ûd ¾q ¿ £�Ô á «+ýË
sÁkÍjáT�¿£ eÖsÁTÎ È]Ð+~. d�eTÖV�²+`1 y�sÁT
bõ+~q |�<�sÁ �+ Âs+&�T |�<�s��\ $TçXøeT+.
n+<�TýË� nqT|��T³¿±\T d�\ÎÛsY, ×sÁH� eTÖ\¿±\T.

$TçXøeT+ <�� nqT|��T³¿±\ <ó�s��\Hû ¿£*Z
�+~. d�eTÖV�²+`2 y�sÁT  bõ+~q~ d�+jîÖ>·
|�<�sÁ�+. Âs+&�T eTÖ\¿±\qT rçe+>± yû&�#ûjáT&�+
e\¢  d�+jîÖ>· |�<�sÁ�+ @sÁÎ&�+~. � d�+jîÖ>·
|�<�sÁ� <ó�sÁ�+ n~ ÔájáÖsÁeÇ&��¿ì ¿£*d¾q |�<�s��\
<ó�s��\Å£� _óq�yîT®q <ó�s��\qT ¿£*Z �+³T+~. d�+jîÖ>·
|�<�sÁ�+ ÿ¹¿sÁ¿£+>± �+³T+~. <�� sÁ+>·T n+Ôá{²
@¿£¯Ü>± �+³T+~. <��ýË ¿£D²\ neT]¿£
(Texture) Å£L&� @¿£ ¯Ü>± �+&�&��� eTq+
>·eT�+#áe#áTÌ.

|�<�sÁ�+ (Matter) jîTT¿£Ø uó�Ü¿£, sÁkÍjáTq
d�Çuó²y�\qT ç¿ì+<�>·\ b�þ¢ #�sY¼ (flow Chart) <�Çs�
nsÁ�+ #ûd�T¿Ãe#áTÌqT.

Key words

Xø�<�Æ|�<�sÁ�+, $TçXøeT+, d�C²rjáT $TçXøeT+, $C²rjáT $TçXøeT+, ç<�eD+, ne\+�q+, ¿=ý²¢sTT&�
ç<�eD²\T, ç<�eDì, ç<�$Ôá+, ç<�eD+ >±&ó�Ôá,  {ì+&�ýÙ ç|�uó²e+,  �>·TsÁT³, n|�¹¿+ç<� jáT+çÔá+,
n$TçXøD¡jáT ç<�y�\T, $TçXøD¡jáT ç<�y�\T,  ç¿=eT{Ëç>·|�Ó, �dÇ<�q+, n+¥¿£ �dÇ<�q+, eTÖ\¿±\T, d�+jîÖ>·
|�<�s��\T, $¹¿�|�DjáÖq¿£+, $¹¿�|�D çbÍed��.
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Improve your learning

l A mixture contains more than one substance (element and/or compound) mixed in

any proportion.

l Mixtures can be separated into pure substances using appropriate separation

techniques.

l A solution is a homogeneous mixture of two or more substances. The major

component of a solution is called the solvent, and the minor, the solute.

l The concentration of a solution is the amount of solute in grams present per 100 ml

or per 100 g of the solution.

l Materials that are insoluble in a solvent and have particles that are visible to naked

eye, is called a suspension. A suspension is a heterogeneous mixture.

l Colloids are heterogeneous mixtures in which the particle size is too small to be

seen with the naked eye, but is big enough to scatter light. Colloids are useful in

industry and daily life. The colloid has the dispersed phase and the medium in which

they are distributed is called the dispersion medium.

l Pure substances can be elements or compounds. An element is a form of matter that

cannot be broken down by chemical reactions into simpler substances. A compound

is a substance composed of two or more different types of elements, chemically

combined in a fixed proportion.

l Properties of a compound are different from its constituent elements, whereas a

mixture shows the properties of its constituting elements or compounds.

I. Reflections on concepts

1. Which separation techniques will you apply

for the separation of the following? (AS
1
)

(a) Sodium chloride from its solution in water.

(b) Ammonium chloride from a mixture containing sodium chloride and

       ammonium   chloride.

(c) Mixture of oil and water.

(d) Fine mud particles suspended in water.

2. Explain the following giving examples.(AS
1
)

(a) Saturated solution (b) Pure substance (c) colloid (d) Suspension

3. Classify the following into elements, compounds and mixtures.  (AS
1
)

(a) Sodium (b) Soil (c) Sugar solution (d) Silver

(e) Calcium carbonate (f) Tin (g) Silicon (h) Coal (i) Air

(j) Methane (k) Carbon dioxide  (l) Sea water

What we have learnt
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l ÿ¿£ $TçXøeT+ýË ÿ¿£{ì ¿£+fñ mÅ£�Øe |�<�s��\T (eTÖ\¿£+/d�+jîÖ>· |�<�sÁ�+) @ nqTbÍÔá+ýËHîÕH� ¿£*d¾
�+{²sTT.

l d�ÂsÕq |�<�ÆÜ� �|�jîÖÐ+º $TçXøeÖ\qT Xø�<�Æ |�<�s��\T>± yûsÁT #ûjáTe#áTÌ.
l Âs+&�T ýñ<� n+Ôá¿£+fñ mÅ£�Øe |�<�s��\ ¿£\sTT¿£ e\q @sÁÎ&�q d�C²rjáT $TçXøeÖ�� »»ç<�eD+µµ

n+{²+. ç<�eD+ýË n~ó¿£ |�]eÖD+ýË �q� n+ouó�ÖÔ���  ç<�eDì n�, ÔáÅ£�Øe |�]eÖD+ýË �q�
n+ouó�ÖÔ��� ç<�$Ôá+ n� n+{²+.

l 100 $T.©. ýñ<� 100 ç>±.\ ç<�eD+ýË �q� ç<�$Ôá |�]eÖD²�� � ç<�eD >±&ó�Ôá n+{²+.
l ÿ¿£ ç<�eDìýË ¿£sÁ>· Å£�+&� �+&� eTq ¿£+{ìÔÃ #áÖ&�>·*¹>  |�<�sÁ� ¿£D²\ÔÃ  ne\+�H�\T @sÁÎ&�Ô�sTT.

�$ $C²rjáT $TçXøeÖ\T.
l ¿=ý²¢sTT&�\T $C²rjáT $TçXøeÖ\T. M{ì ¿£D²\ |�]eÖD+ #�ý² ÔáÅ£�Øe>± �q�|�Î{ì¿¡, ¿±+Ü |�Ú+C²��

|�]¹¿�|¾+#á>·*¹>+Ôá>± �+{²sTT. ¿=ý²¢sTT&�\T |�]çXøeT\ýË,  �Ôá«J$Ôá+ýË m+ÔÃ �|�jîÖ>·¿£sÁyîT®q$.
¿=ý²¢sTT&� ¿£D²\qT $¹¿�|�D çbÍed�� n�, n$ $d�ï]+º �q� jáÖq¿±�� $¹¿�|�DjáÖq¿£+ n�n+{²s.

l Xø�<�Æ |�<�s��\T eTÖ\¿±\T ýñ<� d�+jîÖ>· |�<�s��\T ¿±e#áTÌqT. sÁkÍjáTq #ásÁ«\ <�Çs� ºq� ¿£D²\T>±
$&�>=³¼ýñ� |�<�sÁ� sÁÖbÍ�� eTÖ\¿£+ n+{²s. Âs+&�T ýñ<� n+Ôá¿£+fñ mÅ£�Øe _óq� eTÖ\¿±\T d¾�sÁ
�w�ÎÜïýË sÁkÍjáTq d�+jîÖ>·+ e\q @sÁÎ&�q |�<�s����  d�+jîÖ>· |�<�sÁ�+ n+{²s.

l d�+jîÖ>· |�<�sÁ� <ó�s��\T <�� nqT|��T³¿£ eTÖ\¿±\ <ó�s��\Å£� _óq�+>± �+{²sTT. ¿±� ÿ¿£ $TçXøeT+,
<�� nqT|��T³¿£ |�<�s��\ <ó�s��\qT ç|�<�]ôd�Tï+~.

I. uó²eq\�|Õ ç|�Üd�Î+<�q\T:
 1. ¿ì+~ y�{ì� yûsÁT #ûjáT&��¿ì @$<ó�yîT®q |�<�ÆÔáT\qT y�&�Ô�sÁT? (AS

1
)

m. kþ&�jáT+ ¿Ã¢ÂsÕ&� È\ ç<�eD+ qT+&� kþ&�jáT+ ¿Ã¢ÂsÕ&�
_. kþ&�jáT+ ¿Ã¢ÂsÕ&�, nyîÖ��jáT+ ¿Ã¢ÂsÕ&� $TçXøeT+ qT+&� nyîÖ��jáT+
¿Ã¢ÂsÕ&�
d¾. úsÁT eT]jáTT� qÖHî\ $TçXøeT+
&�. ú{ìýË ne\+�q+ #î+~q �TsÁ<� ¿£D²\T

2. d�ÂsÕq �<�V�²sÁD\ÔÃ � ç¿ì+~ y�{ì� $e]+#á+&�. (AS
1
)

m. d�+Ôá�|�ï ç<�eD+ _. Xø�<�Æ|�<�sÁ�+ d¾. ¿=ý²¢sTT&� &�. ne\+�q+
 3. � ¿ì+~ y��� eTÖ\¿±\T, d�+jîÖ>· |�<�s��\T eT]jáTT $TçXøeÖ\T>± e Z̄¿£]+#á+&�.(AS

1
)

m. kþ&�jáT+ _. eT{ì¼ d¾. #áÂ¿ØsÁ ç<�eD+ &�. yî+&�
�. ¿±*üjáT+ ¿±s=ÒHû{Ù m|�t. {ìH� �. d¾*¿±H� �V²#Y. Hû\ u¤>·TZ
×. >±* CÉ. MT<¸ûH� Â¿. ¿±sÁÒH� &îÕ �Â¿Õà&� mýÙ. d�eTTç<�|�Ú úsÁT

eTqyûT+ HûsÁTÌÅ£�H��+?

nuó�«d�H��� yîTsÁT>·T |�sÁT#áTÅ£�+<�+
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 II. Application of concepts

1. Determine the mass  by mass percentage of solute concentration of a 100g salt solution

which contains 20g salt? (AS
1
) Ans: (20% )

2. Calculate the concentration interms of mass by volume percentage of the solute

containing 2.5g potassium chloride in 50ml of potassium chloride (KCl) solution? (AS
1
)

Ans: (5%)

3. Classify the following substances in the below given table. (AS
1
)

Ink, soda water, brass, fog, blood, aerosol sprays, fruit salad, black coffee, oil and water,

boot polish, air, nail polish,  starch solution, milk.

            Solution         Suspension      Colloidal dispersion

 III. Higher Order Thinking Questions

1. Use the words given below and write the steps for making tea (AS
7
)

Solution, solvent, solute, dissolve, soluble, insoluble, filtrate and residue.

1. The machine used to separate the masive particles and light particles from a mixture is

[ ]

a)  Atwood machine      b) Centrifuge        c) Filter paper        d) Separating funnel

2. Which is not formed by the physical mixing of two substances [ ]

a) Mixture b) Compound c) Colloid d) Suspension

3. The substance which is relatively less in quantity in a solution is [ ]

a) Solute b) Solvent c) Dispersion phase   d) Dispersion medium

Multiple choice questions
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II. uó²eq\ nqTesÁïH�\T

1. 100ç>±eTT\ �|�ð ç<�eD+ýË 20ç>±eTT\ �|�ð ¿£]Ð �+~. � ç<�$Ôá ç<�e«s�¥ XæÔá+ m+Ôá?
(AS

1
)  (Èy��T: 20%)

2. 50 $T.©. bõ{²w¾jáT+ ¿Ã¢ÂsÕ&� (KCl) ç<�eD+ýË 2.5 ç>±. bõ{²w¾jáT+ ¿Ã¢ÂsÕ&� �+fñ � ç<�eD+ jîTT¿£Ø
ç<�$Ôá ç<�e«s�¥ / |��Tq|�]eÖD XæÔá+ ¿£qT¿ÃØ+&�. (AS

1
) [Èy��T: 5%]

 3. �ºÌq |�<�s��\qT |�{ì¼¿£ýË #áÖ|¾q³T¢ e Z̄¿£]+º qyîÖ<�T #ûjáT+&�. (AS
1
)

d¾s�, kþ&�úsÁT, �Ôáï&�, bõ>·eT+#áT, sÁ¿£ï+, msÃkÍýÙ ç�dÎ\T, ç|��P{Ù d�ý²&�, u²¢¿ù ¿±|�Ó, qÖHî  úsÁT, w�O
bÍ*wt, >±*, >ÃÞøß bÍ*wt, ç<�esÁÖ|�+ýË �q� >·+� (Starch Solutions), bÍ\T.

         ç<�eD+      ne\+�q+ ¿=ý²¢sTT&�

III.  �ýË#áH�Ôá�¿£ ç|�Xø�\T
1. � ¿ì+<� �|s=Øq� |�<�\qT �|�jîÖÐ+º ÔûúsÁT ÔájáÖ¯ $<ó�H��� qT+&�. (AS

7
)

ç<�eD+, ç<�eDì, ç<�$Ôá+, ¿£sÁ>·&�+, ¿£]Ðq~, ¿£]¹>~, ¿£sÁ>·�~, e&�bþjáT�&�q |�<�sÁ�+, e&�bþjáT>±
$TÐ*q |�<�sÁ�+.

1. ÿ¿£ $TçXøeT+ýË� uó²sÁjáTTÔá ¿£D²\T Ôû*¿£bÍ{ì ¿£D²\qT yûsÁT #ûjáT&��¿ì �|�jîÖÐ+#û
jáT+çÔá+ [ ]

a) n{ÙeÚ&� jáT+çÔá+ b) n|�¹¿+ç<� jáT+çÔá+ c) e&�bþÔá ¿±ÐÔá+ d) n_ó¹¿+ç<� jáT+çÔá+

2. |�<�s��\ uó�Ü¿£ ¿£\sTT¿£ e\q @sÁÎ&��~ [  ]

a) $TçXøeT+ b) d�+jîÖ>· |�<�sÁ�+ c) ¿=ý²¢sTT&� d) ne\+�q+

3. ç<�eD+ýË ÔáÅ£�Øe |�]eÖD+ýË >·\ |�<�sÁ�+ [  ]

a) ç<�$Ôá+ b) ç<�eDì c) $¹¿�|�D çbÍed�� d) $¹¿�|�D jáÖq¿£+

�V�QÞèÕºÌÛ¿£ ç|�Xø�\T
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4. The amount of solute present in a saturated in 100g. at constant temperature is known as

its [ ]

a) Solubility     b) Concentration       c) Volume percentage     d)Weight percentage

5. If the quantity of solute is more in a solution then the solution is said to be[ ]

a) Saturated solution b) Dilute Solution

c) Concentrated solution d) Unsaturated Solution

6. The phenomenon of scattering of a visible light by the particles of colloid is known as

[ ]

a) Tyndall effect b) Chromotography   c) Sublimation d) Reflection

7. Immiscible liquids can be separated by [ ]

a) Distillation process b) Fractional distillation

c) Chromotography d) Separating funnel

8. Miscible liquids can be separated by [ ]

a) Distillation process b) Fractional distillation

c) Chromotography d) Separating funnel

Suggested Experiments

1. Which of the following will show Tyndall effect? How can you observe the Tyndall

effect in them?

a) salt solution b) milk c) solution of copper sulphate    d) starch solution

2. Take  a solution, a colloid, and a suspension in three different beakers. Pass a light

beam from the side of the beaker and test whether they show Tyndall effect or not?

Suggested Projects

1. Make a list of solids, liquids and gases from your surroundings. (These substance may

be organic or chemical). Separate mixtures from them and classify them into solutions,

colloids and suspensions.

Suggested Experiments

Suggested Projects
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4. d¾�sÁ�cþ�ç>·Ôá e<�Ý d�+Ôá�|�ï ç<�eD+ýË ¿£]Ð�q� 100 ç>±eTT\ ç<�$Ôá+ [  ]

a) ç<�eD¡jáTÔá b)  >±&ó�Ôá

c) |��Tq|�]eÖD XæÔá+ d)  uó²sÁXæÔá+
5. ç<�$Ôá |�]eÖD+ mÅ£�Øe>± >·\  ç<�eD+ [ ]

a) d�+Ôá�|�ï ç<�eD+ b)  $©q ç<�eD+
c) >±&ó� ç<�eD+  d)  nd�+Ôá�|�ï ç<�eD+

6. ¿=ý²sTT&�\ýË �+&û ¿£D²\T <��Xø«¿±+Ü |�Ú+C²�� |�]¹¿�|�D+ #î+~+#û ç|�ç¿ìjáT [ ]

a) {ì+&�ýÙ ç|�uó²e+ b) ç¿=eT{Ëç>·|�¾ c) �ÔáÎÔáq+ d) |�s�esÁïq+

7. n$TçXøD¡jáT ç<�y�\qT yûsÁT #ûjáT&��¿ì �|�jîÖÐ+#û~ [  ]

a)  �dÇ<�q ç|�ç¿ìjáT b)  n+¥¿£ �dÇ<�q ç|�ç¿ìjáT

c)  ç¿=eT{Ëç>·|�¾ d)  yûs�Î³T >·s�³T

8. $TçXøD¡jáT ç<�y�\qT yûsÁT #ûjáT&��¿ì ............ qT �|�jîÖÐkÍï+. [  ]

a)  �dÇ<�q ç|�ç¿ìjáT b)  n+¥¿£ �dÇ<�q ç|�ç¿ìjáT

c)  yûs�Î³T >·s�³T d) ç¿=eT{Ëç>·|�¾

ç|�jîÖ>±\T

1. � ¿ì+~ y�{ìýË @$ {ì+&�ýÙ ç|�uó²e+qT ç|�<�]ôkÍïsTT?  y�{ìýË {ì+&�ýÙ  ç|�uó²y��� MTÂsý² |�]o*kÍïsÁT.
m. \eD ç<�eD+ _. bÍ\T d¾. ¿±|�sY d�ýñÎÛ{Ù ç<�eD+ &�. >·+� ç<�eD+

2. ÿ¿£ ç<�eD+, ne\+�q+, ¿=ý²sTT&�ýÙ $¹¿�|�D²\qT  $$<ó� ;¿£sÁ¢\ýË rd�T¿Ã+&�. ;¿£sÁT |�¿£Ø uó²>·+
qT+&� ¿±+Ü |�&û³³T¢ #ûd¾ ç|�r $TçXøeT+ {ì+&�ýÙ ç|�uó²y��� #áÖ|�ÚÔáT+<Ã ýñ<Ã |�̄ ¿ì�+#á+&�. �yû~¿£
s�jáT+&�.

çbÍCÉÅ£�¼\T

1. MT |�]d�s�\ýË �q� |��Tq, ç<�e, y�jáTT |�<�s�Æ\ C²_Ô� s�jáT+&�. (�$ Je d�+�+<ó�yîT®q$ ýñ<�
sÁkÍjáT�¿£yîT®q$ ¿±e#áTÌ) M{ì qT+&� $TçXøeÖ\qT yûsÁT #ûd¾ y�{ì� ç<�eD²\T, ¿=ý²sTT&� ç<�eD+,
ne\+�H�\T>± e Z̄¿£]+#á+&�.
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ACADEMIC STANDARDS

ACADEMIC STANDARDS

S.No. Academic Standard Explanation

1.

2.

3.

4.

5.

6.

7.

Conceptual understanding

Asking questions and

making hypothesis

Experimentation and field

investigation.

Information skills and

Projects

Communication through

drawing, model making

Appreciation and

aesthetic sense, values

Application to daily life,

concern to bio diversity.

Children are able to explain, cite examples, give reasons,

and give comparison and differences, explain the process

of given concepts in the textbook. Children are able to

develop their own brain mappings.

Children are able to ask questions to understand
concepts, to clarify doubts about the concepts and to
participate in discussions. They are able to guess the
results of on issue with proper reasoning, able to predict

the results of experiments.

Children are able to do the experiments given in the

text book and developed on their own.  Able to arrange

the apparatus, record the observational findings, suggest

alternative apparatus, takes necessary precautions while

doing the experiments, able to do to alternate

experiments by changing variables. They are able to

participate in field investigation and prepare reports.

Children are able to collect information related to the

concepts  given in the text book by using various methods

(interviews, checklist questionnaire) analyse the

information and interpret it. Able to conduct project works.

Children are able to communicate their conceptual

understanding by the way of drawing pictures labelling

the parts of the diagram  by drawing graphs, flow charts

and making models.

Children are able to appreciate the nature and efforts of

scientists and human beings in the development of

science and have aesthetic sense towards nature. They

are also able to follow constitutional values.

Children are able to apply the knowledge of scientific

concept they learned, to solve the problem faced in daily

life situations. Recognise the importance of biodiversity

and takes measures to protect the biodiversity.
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$<�«ç|�eÖD²\T

1.

2.

3.

4.

5.

6.

7.

$w�jáÖe>±V�²q

ç|�¥�+#á&�+,
|�]¿£\Îq #ûjáT&�+

ç|�jîÖ>±\T, ¹¿�çÔá|�]o\q\T

d�eÖ#�sÁ HîÕ|�ÚD²«\T,
çbÍCÉÅ£�¼ |�qT\T

u¤eT�\T ^jáT&�+, qeTÖH�\T
ÔájáÖsÁT #ûjáT&�+  <�Çs�
uó²e ç|�kÍsÁ+

n_óq+~+#á&�+, kå+<�s�«Ôá�¿£
d�Î�V�² ¿£*Ð �+&�³+,
$\Te\T bÍ{ì+#á&�+

�ÈJ$Ôá $�jîÖ>·+,
JeyîÕ$<ó�«+ |�³¢ kÍqTuó�ÖÜ
¿£*Ð  �+&�³+

bÍsÄ�«+Xæ\ýË� uó²eq\qT  nsÁ�s#ûd�T¿=� kõ+Ôá+>± $e]+#á&�+,
�<�V�²sÁD*eÇ&�+, bþ*¿£\T uóñ<�\T #î|�Î&�+, ¿±sÁD²\T $e]+#á&�+,
$<ó�H�\qT $XøB¿£]+#á>·\T>·TÔ�sÁT. eÖqd¾¿£ ºçÔ�\qT @sÁÎsÁ#áT¿Ã
>·\T>·TÔ�sÁT.

$w�jáÖ�� nsÁÆ+ #ûd�T¿Ãe&��¿ì, uó²eq\Å£� d�+�+~ó+ºq d�+<ûV�ä\qT
�e�Üï #ûd�T¿Ãe&��¿ì, #ásÁÌqT çbÍsÁ+_ó+#á&��¿ì |¾\¢\T ç|�¥�+#á
>·\T>·TÔ�sÁT. ÿ¿£ n+Xæ�¿ì #î+~q |��*Ô���  d��V²ÔáT¿£ ¿±sÁD²\ÔÃ
}V¾²+#á>·\T>·TÔ�sÁT. ç|�jîÖ>· |��*Ô�\T }V¾²+#á>·\T>·TÔ�sÁT.

uó²eq\qT nsÁÆ+#ûd�T¿Ãe&��¿ì bÍsÄÁ«|�Úd�ï¿£+ýË d�Öº+ºq ç|�jîÖ>±\T,
kõ+Ôá ç|�jîÖ>±\T #ûjáT>·\T>·TÔ�sÁT. |�]¿£s�\qT neTsÁÌ>·\T>·TÔ�sÁT,
|�]o\q\T qyîÖ<�T #ûjáT>·\T>·TÔ�sÁT, ç|�Ô�«eÖ�jáT |�]¿£s�\qT
d�Öº+#á>·\T>·TÔ�sÁT, C²ç>·Ôáï\T rd�T¿Ã>·\T>·TÔ�sÁT, #ásÁs�Xø�\qT eÖ]Ì
ç|�Ô�«eÖ�jáT ç|�jîÖ>±\T #ûjáT>·\T>·TÔ�sÁT. ¹¿�çÔá|�]o\q\ýË bÍý¤Z�
�yû~¿£\T ÔájáÖsÁT #ûjáT>·\T>·TÔ�sÁT.

bÍsÄÁ«|�Úd�ï¿£+ýË� $_óq� uó²eq\qT nsÁÆ+ #ûd�T¿Ãe&��¿ì ned�sÁyîT®q
d�eÖ#�s��� $$<ó� |�<�ÆÔáT\ýË (�+³sÁÖÇ«, #î¿ù*dt¼, ç|�Xæ�e[ .....)
�d¿£]+#á>·\T>·TÔ�sÁT. d�eÖ#�s��� $Xâ¢w¾+º y�«U²«�+#á>·\T>·TÔ�sÁT.
çbÍCÉÅ£�¼ |�qT\T  �sÁÇV¾²+#á>·\T>·TÔ�sÁT.

$C²ãqXæçd�ï uó²eq\Å£� d�+�+~ó+ºq ºçÔ�\qT ^jáT&�+, uó²>±\qT
>·T]ï+º $e]+#á&�+, ç>±|�t\T, b�þ¢#�sY¼\T ̂ jáT&�+, qeTÖH�\T ÔájáÖsÁT
#ûjáT&�+ <�Çs� ne>±V�²qqT e«¿£ï+ #ûjáT>·\T>·TÔ�sÁT.

$C²ãqXæçkÍï�� HûsÁTÌ¿Ãe&�+ <�Çs� ç|�¿£�Ü�, eÖqeçXøeTqT >�sÁ$+#á&�+,
n_óq+~+#á&�+ÔÃ bÍ³T kå+<�s�«Ôá�¿£ d�Î�V�² ¿£*Ð �+{²sÁT. s�C²«+>·
$\Te\qT bÍ{ì+#á>·\T>·TÔ�sÁT.

<îÕq+~q J$Ôá+ýË m<�TsÁjûT« d�eTd�«\ |�]cÍØs��¿ì HûsÁTÌÅ£�q�
$C²ãqXæg uó²eq\qT d�eTsÁÆe+Ôá+>± $�jîÖÐ+#áT¿Ã>·\T>·TÔ�sÁT.
JeyîÕ$<ó �«  çbÍ<ó�q«ÔáqT  >·T]ï+º,  <���  ¿±bÍ&�{²�¿ì
¿£�w¾#ûjáT>·\T>·TÔ�sÁT.

ç¿£.d�+.   $<�«ç|�eÖD²\T $esÁD
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The learner...

¨ Differentiates material, objects, phenomena and processes based on properties or characteristics.

Eg: (i) Mixtures and compounds, (ii) Speed and velocity, (iii) Weight and mass.

¨ Classifies material, objects, phenomena and process based on properties or characteristics.

Eg: (i) Solids, liquids and gases, (ii) Mixtures, compounds and colloids.

¨ Plans and conducts simple investigations and experiments to arrive at and verify the facts,

principles, phenomena or to seek answers to queries on their own. Also Concludes and
Communicates the findings

Eg: (i) Refractive index of glass slab, (ii) Identifies the gases eveolved in the reactions.

                (iii) writing reports.

¨ Relates processes and phenomena with causes and effects.

Eg: (i) Brilliance of diamond, formation of mirages, (ii) Tindal effect.

¨ Explains processes and phenomena.

Eg: (i) Refraction of light, (ii) Corrosion.

¨ Calculates, analyses using the data given .

Eg: (i) Problem solving based on equations of motion and Newton’s laws.

(ii) Calculate weight percentage.

¨ Draws labelled diagrams, flow charts, concept maps, graphs.

Eg: (i) Diagram of heating CaCO
3
 and evolution of CO

2
 gas,

¨ Applies learning to hypothitical situations.

Eg: (i) What happens if the rusting of iron articles is not prevanted?,

¨ Use scientific conventions, symbols and equations to represent various qualities, elements and

units.
Eg: (i) Chemical equation for different types of reactions,

(ii) Units for the quantities like, speed, velocity, accelaration and density.

¨ Measures physical quantities using appropriate apparatus, instruments and devices.

Eg: (i) Thermameter, (ii) Measuring Jar, (iii) Stop clock, (iv) Weighing machine.

¨ Applies Scientific concepts in daily life and solving problems.

Eg: (i) Application of Newton’s laws, (ii) Application of refraction of light.

¨ Derives formulae, equations and laws.

Eg: (i) Newton’s laws, (ii) Chemical equations, formulas.

¨ Describes Scientific discoveries and inventions.

Eg: (i) Theories on atomic structure.

¨ Designs models using eco-friendly resources.

Eg: (i) Calorie meter, (ii) Lacto meter.

¨ Exhibits values of honesty, objectivity, rational thinking, freedom from myths, superstitious beliefs

while taking decisions, respect for life etc.

LEARNING OUTCOMES
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$<�«sÁT�\T...
¨ |�<�s��\T, ed�TïeÚ\T, <��ÐÇw�jáÖ\T eT]jáTT ç|�ç¿ìjáT\ eT<ó�« uñ<ó�\qT y�{ì <ó�s��\T ýñ<� \¿£�D²\

�<ó�sÁ+>± Ôî\T|�ÚÔ�sÁT.
�<�öö (i) $TçXøeÖ\T ` d�+jîÖ>· |�<�s��\T, (ii) e&� eT]jáTT yû>·+, (iii) uó²sÁ+ eT]jáTT ç<�e«s�¥.

¨ |�<�s��\T, ed�TïeÚ\T, <��ÐÇw�jáÖ\T eT]jáTT ç|�ç¿ìjáT\qT y�{ì <ó�s��\T ýñ<� \¿£�D²\ �<ó�sÁ+>± e Z̄¿£]kÍïsÁT.
�<�öö (i) |��Tq, ç<�e Ê y�jáTT |�<�s��\T, (ii) $TçXøeÖ\T, d�+jîÖ>· |�<�s��\T eT]jáTT ¿=ý²¢sTT&�\T.

¨ y�d�ïy�\T, <��ÐÇw�jáÖ\qT Ôî\Td�T¿Ãe&��¿ì eT]jáTT <ó��M¿£]+#á&��¿ì ýñ<� y�] d�Ç+Ôá ç|�Xø�\Å£�
d�eÖ<ó�H�\T yîÔá¿£&��¿ì ç|�D²[¿£\T sÁºkÍïsÁT eT]jáTT ç|�jîÖ>±\T �sÁÇV¾²kÍïsÁT. �s�ÆsÁD\T, uó²e ç|�kÍsÁ+
#ûkÍïsÁT.
�<�öö (i) >±E ~yîT� jîTT¿£Ø eç¿¡uó�eq >·TD¿£eTTqT ¿£qT>=qT³, (ii) sÁkÍjáTq #ásÁ«\ýË yî\Te&�q y�jáTTeÚqT
>·T]ïkÍïsÁT, (iii) �yû~¿£\T s�kÍïsÁT.

¨ ç|�ç¿ìjáT\T eT]jáTT <��ÐÇw�jáÖ\Å£� >·\ ¿±sÁ«¿±sÁD d�+�+<ó��� $e]kÍïsÁT.
�<�öö (i) eçÈ+ yîTsÁe&��¿ì, m+&�eÖeÚ\T @sÁÎ&�³+, (ii) {ì+&�ýÙ ç|�uó²eeTT.

¨ ç|�ç¿ìjáT\T eT]jáTT <��ÐÇw�jáÖ\qT $e]kÍïsÁT. �<�öö (i) ¿±+Ü eç¿¡uó�eq+, (ii) ÔáT|�ð|�³¼&�+.
¨ �ºÌq d�eÖ#�sÁ+ �<ó�sÁ+>± ýÉ¿ìØkÍïsÁT. <�Ô�ï+Xæ�� $Xâ¢w¾kÍïsÁT.

�<�öö (i) #á\q d�MT¿£sÁD²\T, qÖ«³H� �jáTeÖ\Å£� d�+�+~ó+ºq d�eTd�«\ kÍ<ó�q, (ii) uó²sÁXæÔ���
ýÉ¿ìØ+#áT³.

¨ b�þ¢ #�sÁT¼\T, ¿±Hîà|t¼ eÖ«|t\T, ç>±|�t\T, u¤eT�\T ^d¾ uó²>±\T >·T]ïkÍïsÁT.
�<�öö (i) CaCO

3
 qT yû&�#ûd¾q CO

2 
y�jáTTeÚ $&�T<�\qT #áÖ�| |�³+ ^jáTT³

¨ |�]¿£\Îq\Å£� nuó�«d�H��� $�jîÖÐkÍïsÁT.
�<�öö (i) �qT|� ed�TïeÚ\ ÔáT|�ðqT �sÃ~ó+#á¿£bþÔû @$T ÈsÁT>·TqT?

¨ $$<ó� |�]eÖD²\T, eTÖ*¿±\T eT]jáTT jáTÖ�³¢qT d�Öº+#á&��¿ì Xæ�dÓïjáT d�+¹¿Ô�\T, ºV�ä�\T eT]jáTT
d�MT¿£sÁD²\qT �|�jîÖÐkÍïsÁT.
�<�öö (i) $$<ó� sÁ¿±\ sÁkÍjáTq #ásÁ«\Å£� d�MT¿£sÁD²\T s�kÍïsÁT, (ii) e&�, yû>·+, ÔáÇsÁD+ eT]jáTT
kÍ+ç<�Ôá\ e+{ì uó�Ü¿£ s�Xø�\ jîTT¿£Ø ç|�eÖD²\T.

¨ ç|�jîÖ>·Xæ\ �|�¿£sÁD²\T, kÍ<ó�H�\T eT]jáTT |�]¿£s�\qT d�]>± �|�jîÖÐ+º ¿=\TkÍïsÁT.
�<�öö (i) <¸�s��MT³sY, (ii) ¿=\C²&�, (iii) kÍ¼|ty�#Y, (iv) yîsTT+>´ $Tw�H�.

¨ Xæ�dÓïjáT uó²eq\qT d�eTkÍ« |�]cÍØs��¿ì �ÈJ$Ô��¿ì nqÇsTTkÍïsÁT.
�<�öö (i) qÖ«³H� >·eTq �jáTeÖ\ nqÇjáT+, (ii) ¿±+Ü eç¿¡uó�eq nqTesÁïH�\T.

¨ sÁkÍjáTq d�MT¿£sÁD²\qT, d�ÖçÔ�\qT d�Öçr¿£]+#á&�+.
�<�öö (i) qÖ«³H� �jáTeÖ\T, (ii) sÁkÍjáTq d�MT¿£sÁD²\T, b�ÍsÁT�ý²\T.

¨ Xæ�dÓïjáT nHûÇw�D\T, �$w�ØsÁD\T eT]jáTT |�]XË<ó�q\ >·T]+º Ôî\Td�T¿=qT³Å£� #=sÁe rd�TÅ£�+{²sÁT.
�<�öö (i) |�sÁeÖDT �s��D²�¿ì d�+�+~ó+ºq d¾<�Æ+Ô�\T.

¨ |�s�«esÁD nqTÅ£L\ eqsÁT\qT �|�jîÖÐ+º qeTÖH�\qT sÁÖbõ+~+º d��ÈH�Ôá�¿£ÔáqT ç|�<�]ôkÍïsÁT.
�<�öö (i) Â¿ýË] MT³sY, (ii) ý²¿Ã¼MT³sY.

¨ �C²sTTr, \¿�±«Ôá�¿£, �V²ÔáT�<�ÆyîT®q �ýË#áq, �sÁ�jáÖ\T rd�TÅ£�Hû³|�ð&�T nbþV�²\Å£�, eTÖ&ó�qeT�¿±\Å£�
<�ÖsÁ+>± �+&�³+, J$Ô��� >�sÁ$+#á&�+ yîTT<�ýÉÕq $\Te\qT ç|�<�]ôkÍïsÁT.

nuó�«d�q |��*Ô�\T
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Dear teachers...

New Science Text Books are prepared in such a way that they develop children’s observation

power and research enthusiasm. It is a primary duty of teachers to devise teaching- learning

processes which arouse children’s natural interest of learning things. The official documents of

National & State Curriculum Frameworks and Right to Education Act are aspiring to bring

grass root changes in science teaching. These textbooks are adopted in accordance with such

an aspiration. Hence, science teachers need to adapt to the new approach in their teaching. In

view of this, let us observe certain Dos and Don’ts:

• Read the whole text book and analyze each and every concept in it indepth.

• Develop/Plan activities for children which help them to understand concepts presented in

text.

• Textual concepts are presented in two ways: one as the classroom teaching and the other

as the laboratory performance.

• Lab activities are part and parcel of a lesson. So, teachers must make the children conduct

all such activities during the lesson itself, but not separately.

• ‘Ask your teacher, collect information from library or internet’- such items must also be

considered as compulsory.

• In the text some special activities as boxed items- ‘think and discuss, let us do, conduct

interview, prepare report, display in wall magazine, participate in Theatre Day, do field

observation, organize special days’ are presented. To perform all of them is compulsory.

• Children have to be instructed to follow scientific steps while performing lab activities

and relevant reports can be prepared and displayed.

• If any concept from any other subject got into this text, the concerned subject teacher

has to be invited into the classroom to elucidate it.

• Collect information of relevant website addresses and pass on to students so that they

can utilize internet services for learning science.  Let there be science magazines and

science books in the school library.

• Motivate every student to go through each lesson before it is being actually taught and

encourage everyone to understand and learn independently, with the help of activities

such as Mind Mapping and exciting discussions.

• Plan and execute activities like science club, elocution, drawing, writing poetry on science,

making models etc.to develop positive attitude among children environment, biodiversity,

ecological balance etc.

• As a part of continuous comprehensive evaluation, observe and record children’s learning

abilities during various activities conducted in classroom, laboratory and field.

• We believe, you must have realized that the learning of science and scientific thinking are

not mere drilling of the lessons but, in fact, a valuable exercise in motivating the children

to explore solutions to problems all around by themselves systematically and preparing

them to meet life challenges properly.
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�bÍ<ó�«jáTTý²s�...
qÖÔáq $C²ãqXæçd�ï bÍsÄÁ«|�Úd�ï¿±\T |¾\¢\ýË |�]o\H� Xø¿ìï�, |�]XË<ó�H�_óý²w�qT �|+bõ+~+#û$>±

sÁÖbõ+~+#�sÁT. y�]ýË d�V�²È+>± �+&û C²ãq¿±+¿£�Å£� eT]+Ôá |�<�TqT �|fñ¼ý² ÔásÁ>·Ü >·~ uË<ó�H�uó�«d�q
ç|�ç¿ìjáT\T sÁÖbõ+~+#á&�+ �bÍ<ó�«jáTT\ ¿£sÁïe«+. C²rjáT, s�çw�¼ $<�« ç|�D²[¿± |�çÔ�\T, $<�« V�²Å£�Ø #á³¼+
yîTT<�ýÉÕqeú� $C²ãq Xæçd�ï uË<ó�qýË d�eTÖ\ eÖsÁTÎ\qT ¿±+¿ì�d�TïH��sTT. <��¿ì nqT>·TD+>±Hû � bÍsÄÁ«|�Úd�ï¿±\T
sÁÖbõ+<�sTT. ¿±�{ì¼ �bÍ<ó�«jáTýË¿£+ ÔáeT uË<ó�H� $<ó�q+ýË qÖÔáq |�+<¸� ne\+_+#á&�+ ned�sÁ+.
�+<�T¿Ãd�+ @yûT$T #ûjáÖýË @yûT$T #ûjáTs�<Ã |�]o*<�Ý+.

• bÍsÄÁ«|�Úd�ï¿±�� �eTÖý²ç>·+ #á~$ ç|�Ü uó²eqqT ýËÔáT>± $Xâ¢w¾+#�*.

• bÍsÄÁ«|�Úd�ï¿£+ýË� $w�jáÖ�� |¾\¢\T nsÁ�+ #ûd�TÅ£�Hû+<�TÅ£� nqT�+<ó� ¿£�Ô�«\T sÁÖbõ+~+#áT¿Ãy�*.

• ÔásÁ>·Ü >·~ uË<ó�q, ç|�jîÖ>·Xæ\ ¿£�Ô�«\T n� Âs+&�T>± $uó��+º �+³T+~.

• ç|�jîÖ>·Xæ\ ¿£�Ô�«\T Ôá|�Î�d�]>± |¾\¢\ÔÃ #ûsTT+#�*. �$ bÍsÄÁ+ýË n+Ôás�ÒÛ>·+>± �H��sTT.
¿±�{ì¼ bÍsÄÁ+ |�PsÁïsTTq Ôás�ÇÔá #ûsTT+#áe#áTÌq� uó²$+#áÅ£L&�<�T.

• bÍsÄÁ«|�Úd�ï¿£+ýË �ýËº+#á+&�, #á]Ì+#á+&�, �$#ûjáT+&�, �yû~¿£\T ÔájáÖsÁT#ûjáT+&�, �+³sÁÖÇ
�sÁÇV¾²+#á+&�, >Ã&� |�çÜ¿£ýË ç|�<�]ô+#á+&�. ~¸jûT³sY &ûýË bÍý¤Zq+&�. ¹¿�çÔá |�]o\q #ûjáT+&�,
ç|�Ôû«¿£ ~H�\qT �sÁÇV¾²+#á+&�. nqT o]ü¿£\ýË �ºÌq ¿£�Ô�«\T Ôá|�Î�d�]>± �sÁÇV¾²+#�*.

• �bÍ<ó�«jáTT\qT n&�Ð Ôî\Td�T¿Ã+&�, bÍsÄÁXæ\ ç>·+<̧�\jáT+, �+³Âs�{ÙýË |�]o*+#á+&� nHû n+Xæ\T
uË<ó�qýË Ôá|�Î� d�] uó²>·+>± |�]>·Dì+#�* Ôá|�Î e~*yûjáTs�<�T.

• ç|�jîÖ>·Xæ\ ¿£�Ô�«\T �sÁÇV¾²+#û³|�Ú&�T XæçdÓïjáT |�<�ÆÜýË� kþbÍH�\T nqTd�]+#ûý² |¾\¢\Å£�
Ôá̄ ÎÛ<�T�y�Ç*. ç|�Ü ç|�jîÖ>· ¿£�Ô�«�¿ì |¾\¢\ÔÃ �yû~¿£\T sÁÖbõ+~+º ç|�<�]ô+|�CñjáÖ*.

• �ÔásÁ d��̈Å£�¼\ÔÃ d�+�+<ó�+ ¿£*Ðq n+Xæ\Tq�|�Ú&�T �jáÖ d��Å̈£�¼\ �bÍ<ó�«jáTT\qT Å£L&� ÔásÁ>·Ü¿ì
�V�äÇ�+º uË<ó�q #ûjáÖ*.

• �+³Âs�{Ù e+{ì kÍ+¹¿Ü¿£ |�]C²ãq+ $d�ï�Ôá+>± |¾\¢\T �|�jîÖÐ+#áT¿Ãe&��¿ì bÍsÄ�«+Xæ�¿ì ned�sÁyîT®q
yîuÙ�dÕ³¢ $es�\T �d¿£]+º n+~+#�*. bÍsÄÁXæ\ ç>·+<¸�\jáT+ýË $C²ãqXæçd�ï eÖ>·CÉÕH�\T �+&ûý²
çXø<�Æ rd�T¿Ãy�*.

• bÍsÄ�«+Xæ�� eTT+<�T>± |¾\¢\ÔÃ #á~$+º �ýËº+|�CñjáÖ*. yîT®+&� eÖ|¾+>́ e+{ì ¿£�Ô�«\T #ûjáT&�+
<�Çs�, �ÔûïÈ+ ¿£*Ð+#û #ásÁÌ\ <�Çs� |¾\¢\T d�ÇjáT+>± HûsÁTÌÅ£�Hû+<�TÅ£� çbþÔáàV¾²+#�*.

• |�s�«esÁD+, Je yîÕ$<ó�«+ yîTT<�ýÉÕq n+Xæ\ |�³¢ n_ósÁT#áT\qT ¿£*Ð#û+<�TÅ£� kÍsÁd�ÇÔá
d�+|��T¿±sÁ«ç¿£eÖ\qT, e¿£ï�ÔáÇ+, ºçÔá ýñKq+, ¿£$ÔáÇ+, qeTÖH�\ ÔájáÖ¯ e+{ì ¿£�Ô�«\T sÁÖbõ+~+º
�sÁÇV¾²+#�*.

• �sÁ+ÔásÁ d�eTç>· eTÖý²«+¿£q+ýË uó²>·+>± |¾\¢\ nuó�«d�q kÍ�sTT� ç|�jîÖ>·Xæ\ýËqÖ, ÔásÁ>·ÜýËqÖ,
¹¿�çÔá |�sÁ«³q\ýËqÖ �¥Ôá+>± |�]o*+º qyîÖ<�T #ûd�T¿Ãy�*.

• �dÕH�à n+fñ |�Úd�ï¿£+ýË �q� bÍsÄÁ+ #î|�Î&�+ ¿±<�T. |¾\¢\qT ÿ¿£ ç¿£eT |�<�ÆÜýË |�]cÍØs�\T ¿£qT>=Hûy�]>±
r]Ì~<�Ý&�yûTq� >·T]ïkÍïsÁT ¿£<�Ö...
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Dear Students...

Learning science does not mean scoring good marks in the subject. Competencies like

thinking logically and working systematically, learned through it,have to be practiced in daily

life. To achieve this, instead of memorizing the scientific theories by rote, one must be able to

study them analytically. That means, in order to understand the concepts of science, you

need to proceed by discussing, describing, conducting experiments to verify, making

observations, confirming with your own ideas and drawing conclusions. This text helps you

to learn in that way.

What you need to do to achieve such things:

• Thoroughly go through each lesson before the teacher actually deals with it.

• Note down the points you came across so that you can grasp the lesson better.

• Think of the principles in the lesson. Identify the concepts you need to know further,

to understand the lesson in depth.

• Do not hesitate to discuss analytically about the questions given under the sub-

heading ‘Think and Discuss’ with your friends or teachers.

• You may get some doubts while conducting an experiment or discussing about a

lesson. Express them freely and clearly.

• Plan to implement experiment/lab periods together with teachers, to understand the

concepts clearly. While learning through the experiments you may come to know

many more things.

• Find out alternatives based on your own thoughts.

• Relate each lesson to daily life situations.

• Observe how each lesson is helpful to conserve nature. Try to do so.

• Work as a group during interviews and field trips. Preparing reports and displaying

them is a must.

• List out the observations regarding each lesson to be carried through internet, school

library and laboratory.

• Whether in note book or exams, write analytically,expressing your own opinions.

• Read books related to your text book, as many as you can.

• You organize yourself the Science Club programs in your school.

• Observe problems faced by the people in your locality and find out what solutions

you can suggest through your science classroom.

• Discuss the things you learned in your science class with farmers, artisans etc.
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