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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

S
C
E
R
T, T

E
LA

N
G
A
N
A



i

Respect the Law

#á{²¼\qT >�sÁ$+#á+&�
Get the Rights

V�²Å£�Ø\qT bõ+<�+&�

Grow by Education

$<�«e\¢ m<�>±*
Behave Humbly

$qjáT+ÔÃ yîT\>±*

PHYSICAL SCIENCES

uó�Ü¿£ sÁkÍjáTq Xæ�kÍï\T

CLASS X - PART - 1

 10e ÔásÁ>·Ü - uó²>·+ - 1

Published by the Government of Telangana, Hyderabad.

Ôî\+>±D ç|�uó�TÔáÇ ç|�#áTsÁD, �VÕ²<�s�u²<�T.S
C
E
R
T, T

E
LA

N
G
A
N
A



Reflection of light at curved surfacesii

Government’s Gift for Students’ Progress 2025-26

© Government of  Telangana, Hyderabad.

First Published 2013

New Impressions 2014, 2015, 2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023, 2024,

Republished - 2025

All rights reserved.

No part of this publication may be reproduced,

stored in a retrieval system, or transmitted, in any

form or by any means without the prior permission in

writing of the publisher, nor be otherwise circulated

in any form of binding or cover other than that in

which it is published and without a similar condition

including this condition being imposed on the sub-

sequent purchaser.

The copy right holder of this book is the Director

of  School Education, Hyderabad, Telangana

     This Book has been printed on 70 G.S.M. Maplitho

Title Page 200 G.S.M. White Art Card

Printed in India

at the Telangana Govt. Text  Book Press,

Mint Compound, Hyderabad,

Telangana.

S
C
E
R
T, T

E
LA

N
G
A
N
A



iii

Ôî\+>±D ç|�uó�TÔáÇ+
bÍsÄÁXæ\ $<�«XæK

Published by the Government of Telangana, Hyderabad.

Ôî\+>±D ç|�uó�TÔáÇ ç|�#áTsÁD, �VÕ²<�s�u²<�T.

Ôî\+>±D Ôá*¢
S
C
E
R
T, T

E
LA

N
G
A
N
A



iv$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

s�h ^Ôá+
1. ÈjáT ÈjáT�V² Ôî\+>±D Èqú ÈjáT¹¿Ôáq+

eTT¿ÃØ{ì >=+ÔáT¿£\T ÿ¿£Ø fÉ®q #ûÔáq+
ÔásÁÔás�\ #á]Ôá>·\ Ôá©¢ ús�Èq+
|�<�|�<�q ú |¾\¢\T ç|�D$T*¢q Xø�uó� ÔásÁTD+
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D

2. |�+|�qÅ£� Èq��ºÌ �<îÝqÅ£� |�<�«$TºÌ
;óeT¿£$¿ì #áqTu²\ ;C²¿£�sÁyîT®q Ôá*¢
V�ä\T� >±<̧�d�|�ïXøÜ¿ì �jáTTeÚ\Ö~q Hû\
��V�²ÔáØ<�̧\ Ôî\+>±D ¿Ã{ì*+>±\ ¿Ãq
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D

3. ç|�È\ uó²w�ýË ¿±e« ç|�eÖD²\T ç|�¿£{ì+ºq
Ôî\T>·TýË Ô=* ç|�C²¿£$ bÍ\Å£�]Ø kþeTq�
s�C²«Hû� ~ó¿£Ø]+º s�eTTýË] >·T&�� >·{ì¼
¿£$s�CÉÕ yî*Â> ~Xø\ ¿£+#ásÁ¢ >Ã|�q�
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D

4. ¿±[<�d� ¿±y�«\Å£� uó²cÍ«\qT s�d¾q{ì¼
eT*¢H�<�̧d�Ö] eÖ yîTÔáTÅ£�dÓeT ¿£q� _&�¦
<ó�Ö[¿£³¼Hû*q{ì¼ u�<�Æ�¿ì �+<ó�TeÔá&�T
~>±�>·T� >·q� Hû\ ~ó¿±ØsÁyîT Èq�V�²Å£�Ø
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D

5. bþÔáqB |�Ú]{ì>·&�¦ sÁTç<�eTB MsÁ>·&�¦
>·+&�sÁ >·+&�&�T ¿=eTTsÁ+ ;óeTT&û ú _&�¦
¿±¿£rjáT ¿£Þ²ç|�uó�\ ¿±+Ü¹sK s�eT|�Î
>Ã\T¿=+&� uó²>·«q>·] >=|�Îyî\T>·T #�]�H�sÁT
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D

6. s�#á¿=+&� @\T�&�>· sÁ+�*¢q ¹s#ásÁ¢
d�sÁÇÈã d¾+>· uó�ÖbÍ\T� �+>·sÁT uó�Ö$T
y�Dì H� s�Dì n+³T �q~+ºq ¿£$Å£�\sÁ$
|¾\¢\ eTç] |¾q MsÁuó�ç<�T&�T eÖýË sÁTç<�T&�T
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D

7. d�eT�¿£Ø\T kÍsÁ¿£Ø\T d�s�ÇsTT bÍ|�q�\T
d��Ò+&� es��\ kÍV�²kÍ\T ¿=�jáÖ&�TÔáT
}sÁÖsÁ bÍ³ýÉÕq MTsÁkÍ�T MsÁ>±<�̧
<�+&�T q&��| bÍ\eTÖsÁT »|�+&�T>Ã\¢ kÍjáTq�µ
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D

8. ¿£$ >±jáT¿£ yîÕÔ�[¿£ ¿£Þøý² eT+Js�\T
&�|�ÚÎ &ó�eTsÁT¿£eTT &�¿ìØ XæsÁ<� d�ÇsÁH�<�\T
|�\¢eÚý² ºsÁT È\T¢\ ç|�Ü �\¢eTT sÁ+�\¢>·
nqT �Ôá«+ ú >±q+ neT� úyî eÖ çbÍD+
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D

9. C²q|�<� ÈqJeq C²e°\T C²\Ty�sÁ
C²Ü� C²>·�Ôá|�sÁ#û ^Ô�\ Èq C²ÔásÁ
yû\¿=\~>± MsÁT\T Hû\ ÿ]Ð bþÔîHû$T
ÔásÁT>·�B ú Ô�«>·+ eTsÁTe�B çXøeTjáÖ>·+
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D

10. �&�T\ >·T&�T\ÔÃ |�ýÉ¢\ ÿ&�\T |�Ú\¿£]+#�*
$]�d Èq$C²ãq+ ú ¿¡]ï� �|+#�*
Ôá&��&�Å£�+&� È>±q Ôá\ mÔáTï¿Ã� ç�ÔáT¿£
ÿ¿£ C²Ü>· ú d�+ÔáÜ zjáTeT� yî\>±*
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D

11. d¾] yî\T>·T\T �yîT� d¾+>·¹sDì q\¢ �+>±sÁ+
nDTeDTeÚq K�C²ýñ ú ÔáqTeÚq d¾+>±sÁ+
d�V�²ÈyîT®q eq d�+|�<� d�¿£ØHîÕq |�ÚeÚÇ\ bõ<�
d¾sÁT\T |�+&î kÍsÁeTTq� eÖ>±DyîT ¿£<� ú jîT<�
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D

12. >Ã<�e] ¿£�w��eT�\T Ôá©¢ �qT Ôá&�T|�+>·
|�#áÌ� eÖ Hû\ýË¢ |�d¾&� d¾sÁT\T |�+&�+>·
d�TKXæ+ÔáT\ Ôî\+>±D d�T_ó¿£�+>· �+&�ýÉ
ç|�Ü ~qeT~ Ôî\+>±D ç|�È\ ¿£\\T |�+&�*
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D
CÉÕ Ôî\+>±D CÉÕ CÉÕ Ôî\+>±D

` n+<îl

S
C
E
R
T, T

E
LA

N
G
A
N
A



v

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

S
C
E
R
T, T

E
LA

N
G
A
N
A



Reflection of light at curved surfacesvi

 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

We believe that class-10 education is a key aspect of school education and a turning point in student’s life.

The present tenth class Science textbook in your hands is developed in accordance with the National and

State Curriculum Framework and the Right to Education Act.  The lessons in the textbooks are presented

in such way that they help in preparing the student for competitive examinations and also to prepare him/

her for intermediate education.

It is mandatory on the part of teacher to implement teaching strategies like, making the student read the

content of the textbook, discuss, analyse, do lab activity, go for field trips, prepare reports, etc. Teacher

must take special care to avoid the practise of memorisation of scientific information from guides and

question banks. Scientific learning is not just confined to the four walls of classroom. It has a definite

connection to lab and field as well. Therefore, there is a lot of importance to field experience/ experiments

in science teaching.

There is a great need for compulsory implementation of instructions of the National Curriculum Framework-

2005 which emphasizes linking of the science teaching with local environment. The Right to Education

Act- 2009 also suggested that priority should be given to the achievement of learning competencies

among children. Likewise, science teaching should be in such a way that it would help cultivate a new

generation with scientific thinking. The key aspect of science teaching is to make the children understand

the thinking process of scientists and their efforts behind each discovery. The State Curriculum Framework-

2011 stated thatchildren should be able to express their own ideas and opinions on various aspects. These

Science Text Books are prepared to meet the set standards of the SCF and thus assist children in becoming

self-reliant researchers capable of thinking intensely in scientific terms.

The textbooks are developed to achieve desired learning outcomes. So teachers should develop various

teaching learning strategies to make their students to achieve class specific learning outcomes. This book

has been energized with QR (Quick Response) codes to facilitate the students in understanding the

concepts clearly.

With an intention to help the students 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-1 comprises 1 to 6 lessons and Part-2 comprises 7 to 12 lessons.

We thank the Vidya Bhawan Society, Rajasthan for their cooperation in designing these text books, the

writers for preparing the lessons, the editors for checking the textual matters and the DTP group for

composing the textbook. 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. We invite suggestions from

educationists, teachers, parents, students and others to make this book more meaningful. Teachers play a

pivotal role in children’s comprehensive use of the text book. We hope, teachers will make their best

efforts for proper utilization of the text book so as to inculcate scientific thinking among children and

inspire them to be great scientists.

  Director,

      SCERT, Hyderabad
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In class 7 and 8  you have learnt about the image formation in plane

mirrors. You also discussed about the spherical mirrors.  You know that

why the curved surfaces are known as spherical mirrors.

You might have got many doubts while observing your image in bulged

surfaces.

· Is the image formed by a bulged surface same as the image formed by

a plane mirror?

· Is the mirror used in automobiles a plane mirror? Why is it showing

small images?

· Why does our image appear thin or bulged out in some mirrors?

· Can we see inverted image in any mirror?

· Can we focus sun light at a point using a mirror instead of magnifying

glass?

· Are the angle of reflection and angle of incidence also equal for

reflection by curved surfaces?

Let us discuss about the reflection of light by spherical mirrors in this

lesson to get clarity for the above questions.

Reflection of light at

curved surfaces1

CHAPTER

S
C
E
R
T, T

E
LA

N
G
A
N
A



3 >ÃÞ²¿±sÁ <�sÁÎD²\ÔÃ ¿±+Ü |�s�esÁïq+$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

MTsÁT 7, 8 ÔásÁ>·ÔáT\ýË d�eTÔá\ <�sÁÎD²\ÔÃ ç|�Ü_+�+ @sÁÎ&û $<ó�H���
Ôî\Td�TÅ£�H��sÁT.  n<û $<ó�+>± >ÃÞ²¿±sÁ <�sÁÎD²\Å£� d�+�+~ó+º ¿=�� n+Xæ\qT #á]Ì+#�sÁT.
eç¿£Ôáý²\T ¿£*Ðq <�sÁÎD²\qT >ÃÞ²¿±sÁ <�sÁÎD²\� m+<�TÅ£� n+{²sÃ Å£L&� MTsÁT
Ôî\Td�TÅ£�H��sÁT.

�uÉÒÔáTï>± �q� Ôáý²\T, >·T+³>± �q� Ôáý²\ýË MT ç|�Ü_+u²\qT >·eT�+ºq|�ð&�T
MTÅ£� nHû¿£ d�+<ûV�ä\T ¿£*Ð �+{²sTT.

�uÉÒÔáTï>± �q� n<�Ý+ýË @sÁÎ&�q ç|�Ü_+�+, d�eTÔá\ <�sÁÎD+ýË @sÁÎ&�q ç|�Ü_+�+
Âs+&�Ö ÿ¹¿ $<ó�+>± �+{²jáÖ?
y�V�²H�\ýË �|�jîÖÐ+#û <�sÁÎD+ d�eTÔá\ <�sÁÎDyûTH�? <��ýË ç|�Ü_+�+ ºq�>±
m+<�TÅ£� ¿£q�&�TÔáT+~?
¿=�� <�sÁÎD²\ýË eTq ç|�Ü_+�+ eTq¿£H�� d�q�>± ýñ<� ý²eÚ>± m+<�TÅ£�
¿£q�&�TÔáT+~?
@<îÕH� n<�Ý+ýË eTq ç|�Ü_+�+ Ôá\ç¿ì+<�T\T>± ¿£q�&�TÔáT+<�?
uó�ÖÔá<�Ý�¿ì �<�T\T>± @<îÕH� <�sÁÎD+ y�&� d�ÖsÁ«¿±+Ü� ÿ¿£ _+<�TeÚ e<�Ý
¹¿+çB¿£]+#á>·\eÖ?
eç¿£Ôáý²\�|Õ ¿±+Ü |�s�esÁïq+ #î+~H� |�s�esÁïq ¿ÃD+ |�Ôáq ¿ÃD²�¿ì d�eÖq+>±
�+³T+<�?
 �|Õq Ôî*|¾q³Te+{ì nHû¿£ d�+<ûV�ä\qT �e�Üï #ûd�T¿Ãe&��¿ì >ÃÞ²¿±sÁ <�sÁÎD²\

e\q ¿±+Ü |�s�esÁïq+ #î+<û $<ó�q+ >·T]+º $esÁ+>± � bÍsÄ�«+Xø+ýË Ôî\Td�TÅ£�+<�+.

1

n<ó�«jáT+

>ÃÞ²¿±sÁ <�sÁÎD²\ÔÃ
¿±+Ü |�s�esÁïq+1
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1.1   Reflection of light by spherical mirrors

The first law of reflection tells us

A light ray incident at an angle with the normal at the point of incidence

will get reflected making equal angle with the normal.

This law is true for all surfaces, be it a plane surface or a curved one.

The important words here are ‘the angle made with normal at the point of

incidence’. If for any surface one can decide the normal and find the incident

angle, it is possible to deduce the angle made by the reflected ray. It is very

easy to find a normal at any point on the plane surface but for a curved or

uneven surface it is not straight forward.

Activity 1

Finding the normal to a curved surface

Take a small piece of thin foam or rubber (like the sole of a slipper).

Put some pins along a straight line on the foam as shown in the fig.-1(a).

All these pins are perpendicular to the plane of foam. If the foam is

considered as a mirror, each pin would represent the normal at that point.

Any ray incident at the point where the pin makes contact with the surface

will reflect with the same angle as the incident ray made with the pin-

normal.

Now bend the foam piece inwards as shown in fig.-1(b), what

differences will you observe to the pins?

They still represent the normal at various points, but you will notice

that all the pins tend to converge at a point (or intersect at a point).

If we bend the foam piece outwards, we will see that the  pins seem to

move away from each other or in other words they diverge as shown in

fig.-1(c).

fig-1(a) fig-1(b) fig-1(c)
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5 >ÃÞ²¿±sÁ <�sÁÎD²\ÔÃ ¿±+Ü |�s�esÁïq+$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

1.1   >ÃÞ²¿±sÁ <�sÁÎD²\ÔÃ ¿±+Ü |�s�esÁïq+

¿±+Ü¿ìsÁD+ @<îÕH� �|�]Ôá\+�|Õ |�ÔáqyîT®q|�ð&�T n~ |�Ôáq_+<�TeÚ e<�Ý ^d¾q
\+�+ÔÃ #û�d ¿ÃD²�¿ì (|�Ôáq¿ÃD²�¿ì), d�eÖqyîT®q ¿ÃD+ÔÃ |�s�esÁïq+ #î+<�TÔáT+<��
yîTT<�{ì |�s�esÁïq �jáTeT+ Ôî*jáTCñd�Tï+~.

� �jáTeT+ d�eTÔá\ �|�]Ôáý²\¹¿>±¿£ eç¿£Ôáý²\Å£� Å£L&� e]ïd�Tï+~. �+<�TýË
eTTK«yîT®q $w�jáTyûT$T³+fñ »|�Ôáq _+<�TeÚ e<�Ý \+�+ÔÃ #û�d ¿ÃD+µ. @ �|�]Ôáý²�Â¿ÕH�
\+u²�� �s�Æ]+#áT¿=� |�Ôáq¿ÃD²�� ¿£qT>=+fñ Ôá<�Çs� |�s�esÁïq¿ÃD²�� ýÉ¿£Ø>·³¼e#áTÌ.
d�eTÔá\ �|�]Ôá\+�|Õ @<îÕH� _+<�TeÚ e<�Ý \+u²�� >·T]ï+#á&�+ #�ý² Ôû*¿£. ¿±ú
eç¿£Ôáý²\T, ç¿£eTsÁV¾²Ôá Ôáý²\�|Õ \+u²�� >·T]ï+#á&�+ n+Ôá d�T\uó�yûTMT ¿±<�T.

eç¿£Ôáý²�¿ì \+u²�� ¿£qT>=q&�+

ºq� sÁ�ÒsÁTeTT¿£Ø ýñ<� »b�þy�TµeTT¿£Ø (like the sole of a slipper)qT rd�T¿Ã+&�.
|�³+`1(m) ýË #áÖ|¾q $<ó�+>± <���|Õ ÿ¹¿ esÁTd�ýË >·T+&�Td�Ö<�T\qT >·T#áÌ+&�. �
>·T+&�Td�Ö<�T\ú� sÁ�ÒsÁTeTT¿£Ø Ôáý²�¿ì \+�+>± �+{²sTT. � sÁ�ÒsÁTeTT¿£ØqT n<�Ý+ý²
uó²$�dï >·T+&�Td�Ö<�T\T y�{ì� >·TºÌq _+<�TeÚ\ e<�Ý \+u²\qT d�ÖºkÍïsTT. >·T+&�Td�Ö~
>·TºÌq _+<�TeÚ e<�Ý |�ÔáqyîT®q ¿ìsÁD+ >·T+&�Td�Ö~(\+�+) ÔÃ m+Ôá¿ÃD+ #ûd�Tï+<Ã,
n+Ôû¿ÃD+ÔÃ |�s�esÁïq+ #î+<�TÔáT+~.

|�³+`1(_) ýË #áÖ|¾q³T¢ sÁ�ÒsÁTeTT¿£ØqT ýË|�*yîÕ|�ÚÅ£� e+#á+&�. >·T+&�Td�Ö<�T\ýË
@+ Ôû&� >·eT�+#�sÁT?

�|�ð&�T Å£L&� >·T+&�Td�Ö<�T\T y�{ì� >·TºÌq $$<ó� _+<�TeÚ\ e<�Ý \+u²\qT
d�ÖºkÍ ïsTT. �¥Ôá+>± |�]o*�d ï > ·T+&� Td �Ö<�T\ú� ÿ¿£ _+<�TeÚ e<� Ý
¹¿+çB¿£]+|��&�TÔáTq�³T¢>± ¿£�|¾kÍïsTT.

|�³+`1(d¾)ýË #áÖ|¾q³T¢ sÁ�ÒsÁTeTT¿£ØqT yî\T|�*yîÕ|�ÚÅ£� e+ºÔû >·T+&�Td�Ö<�T\T
$¹¿+çB¿£]+|��&�TÔáTq�³T¢>± ¿£�|¾kÍïsTT.

|�³+`1(m) |�³+`1(_) |�³+`1(d¾)

¿£�Ôá«+  1
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This gives us an idea of what is likely to happen with a spherical mirror.

A concave mirror will be like the rubber sole bent inwards (fig-1(b)) and

the convex mirror will be like the rubber sole bent out wards (fig-1(c)).

For a concave mirror, like these pins in fig.-1(b), all normals will

converge towards a point. This point is called centre of curvature(C) of

the mirror.

This gives us a clue about how we can find normal at a point on a

spherical mirror. All that we have to do is to draw a

line from the point on the mirror to centre of the

sphere.

It is much easier to imagine this in a two

dimensional fig. as shown in fig.-2(a). The concave

mirror is actually a part of a big sphere. In order to

find this centre point (centre of curvature) we have to

think of the centre of the sphere to which the concave

mirror belongs. The line drawn from C to any point on

the mirror gives the normal at that point.

For the ray R, the incident angle is the angle it

makes with the normal shown as i and the reflected

angle is shown as r in fig.-2(b). We know by first law of reflection i  = r.

The mid point (Geometrical centre) of the mirror is called pole (P)

of the mirror. The horizontal line shown in the fig.s which passes through

the centre of curvature and pole is called principal axis of the mirror. The

distance from P to C is radius of curvature (R) of the mirror.

Try to construct different reflected rays for any array of rays that are

parallel to the principal axis as shown in fig. 2(b).  What is your observation?

 Recall a little bit of geometry: while learning about circles

and tangents, you have learnt that a radius is always perpendicular

to the tangent to the circle drawn at the point.

P C

Normal

(pole)

principal axis

fig-2(a)

i
r

P C

R

fig-2(b)

r

C
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|�³+`2(m)

\+�+
<��sÁÎD <ó��e+

P

ç|�<ó�H�¿£�+

i

r

P C

R

|�³+`2(_)

C

� sÁ�ÒsÁTeTT¿£Ø\T >ÃÞ²¿±sÁ <�sÁÎD²\ >·T]+º ¿=�� $w�jáÖ\T $e]kÍïsTT.
|�³+`1(_)ýË ýË|�*¿ì e+ºq sÁ�ÒsÁTeTT¿£Ø eýÉ |�Ú{²¿±sÁ<�sÁÎD+ �+³T+~. Å£�+uó²¿±sÁ
<�sÁÎD+ |�³+`1(d¾)ýË yî\T|�*yîÕ|�ÚÅ£� e+ºq sÁ�ÒsÁTeTT¿£Ø eýÉ �+³T+~.

|�³+`1(_) ýË #áÖ|¾q >·T+&�Td�Ö<�T\ eýÉ, |�Ú{²¿±sÁ<�sÁÎD+ jîTT¿£Ø n�� \+u²\T
ÿ¿£ _+<�TeÚ e<�Ý ¹¿+çB¿£]+|��&�Ô�sTT. � _+<�TeÚqT <�sÁÎD+ jîTT¿£Ø eç¿£Ô� ¹¿+ç<�+
C (centre of curvature) n+{²+.

>ÃÞ²¿±sÁ <�s ÁÎD+ �|Õ @<û� _+<�TeÚ e<�Ý \+u²��
¿£qT>=q&��¿ì � ¹sU²>·DìÔá C²ãq+ |��¿=d�Tï+~. eTq+
#ûjáTe\d¾+<�ý²¢, <�sÁÎD+�|ÕqTq� @<û� _+<�TeÚ e<�Ý qT+&� �
>ÃÞø ¹¿+ç<��¿ì ÿ¿£ ¹sKqT ^jáÖ*.

|�³+`2(m)ýË #áÖ|¾q³T¢ ÿ¿£ ~Ç$TrjáT |�³+ $w�jáT+ýË
�~ #�ý² d�T\uó�+. ¿±ú |�Ú{²¿±sÁ<�sÁÎD+ nHû~ �C²�¿ì ÿ¿£
>ÃÞø+ýË� uó²>·+. ¿±�{ì¼ <�sÁÎDeç¿£Ô�¹¿+ç<��� ¿£qT>=H�\+fñ,
� <�sÁÎD+ @ >ÃÞ²�¿ì #î+~+<Ã` � >ÃÞø+ jîTT¿£Ø ¹¿+ç<���
¿£qT>=H�*. >ÃÞø¹¿+ç<�+ qT+&� <�sÁÎD+�|Õ @<û� _+<�TeÚÅ£� ̂ d¾q
¹sK <�sÁÎD²�¿ì � _+<�TeÚ e<�Ý \+�+ neÚÔáT+~.

|�³+`2(_) ýË  y�«kÍsÁÆ+ (\+�+)ÔÃ ¿ìsÁD+ R #û�d ¿ÃD²��
(|�Ôáq¿ÃD²��) i >± d�Öº+#�+.  |�s�esÁïq ¿ÃD²�� r >±
d�Öº+#�+.1e |�s�esÁïq �jáTeT+ ç|�¿±sÁ+ i = r n� eTqÅ£� Ôî\Td�T.

<�sÁÎD+ jîTT¿£Ø eT<ó�«_+<�TeÚ (C²«$TrjáT ¹¿+ç<�+)qT <�sÁÎD<ó��e+ P (pole) n+{²+.
|�{²\ýË eç¿£Ô�¹¿+ç<�+ eT]jáTT <�sÁÎD<ó��e+ >·T+&� bþÔáTq�³T¢>± ¿ì�ÜÈ d�eÖ+ÔásÁ+>±
(horizontal)  ̂ jáT�&�q ¹sKqT <�sÁÎD+ jîTT¿£Ø ç|�<ó�H�¿£�+ (principal axis) n+{²+. P
qT+&� C Å£� >·\ <�Ös��� <�sÁÎD+ jîTT¿£Ø eç¿£Ô� y�«kÍsÁÆ+ (‘R’) (radius of curvature)

n+{²+.

|�³+`2(_)ýË #áÖ|¾q$<ó�+>± <�sÁÎD+ jîTT¿£Ø ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± $$<ó�
|�Ôáq¿ìsÁD²\qT ^d¾ y�{ì¿ì |�s�esÁïq ¿ìsÁD²\qT ^jáT&��¿ì ç|�jáTÜ�+#á+&�. @+
>·eT�+#�sÁT?

¿=+Ôá ¹sU²>·DìÔ��� >·TsÁT ï#ûd�TÅ£�+<�+: e�Ô�ï\T ` d�ÎsÁô¹sK\
>·T]+º HûsÁTÌÅ£�Hû³|�ð&�T, e�Ôáï¹¿+ç<�+ qT+&� e�Ôáï+�|Õ >·\ @<û� _+<�TeÚÅ£�
^d¾q y�«kÍsÁÆ+ ` � _+<�TeÚ e<�Ý e�Ô�ï�¿ì ^d¾q d�ÎsÁô¹sKÅ£� \+�+>± �
+³T+<�� HûsÁTÌÅ£�H��+ ¿£<�!
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fig-3

CFP

fig-4

1.1.1   Verifying your drawing

with experiment:

To verify this we must first find out

some way of obtaining a beam of parallel

rays. How do we do that?

First we need to know the situation

in which one gets parallel rays of light.

In the fig.-3 we have stuck two pins on a thermocole block. The pins

are parallel to each other. As we see in the fig., when a source of light is

kept very near, we see the shadows diverging (from the base of the pins).

As we move the source away from the pins, the angle of divergence gets

reduced. If we move the source far away we will get parallel shadows. But

as we move the candle away, the light intensity becomes low. That means

to get a beam of parallel rays the source should be at a long distance  and it

must be of sufficient intensity. Where do we find one such source?

Yes, we have one easily available source, you probably have guessed

it:  The Sun.  Let us do an experiment with sun rays and a concave mirror.

Activity  2

Hold a concave mirror such that sunlight falls on it. Take a small paper

and slowly move it in front of the mirror and find out the point where you

get the smallest and brightest spot, which will be the image of the sun.

(See to it that your paper is small so that it does not obstruct the incoming

sun rays.)

The rays coming from the sun

parallel to the principal axis of concave

mirror converge to a point (see fig.-4).

This point is called Focus or focal point

(F) of the concave mirror.
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1.1.1   MTsÁT ^d ¾q |�{²�� ç| �jîÖ>·
|��*Ô�\ÔÃ d�]#áÖd�T¿Ãe&�+

ç|�jîÖ>·|�PsÁÇ¿£+>± d�]#áÖd�T¿Ã&��¿ì,
yîTT<�³>± eTqÅ£� »d�eÖ+ÔásÁ+>± ç|�jáÖDì+#û
¿±+Ü¿ìsÁD²\T (¿±+Ü|�Ú+È+)µ ¿±y�*. M{ì�
mý² bõ+<�>·\+?

@  d�+<�sÁÒÛ+ýË   eTq+   d�eÖ+ÔásÁ
¿±+Ü|�Ú+C²�� bõ+<�>·\yîÖ �|�ð&�T Ôî\Td�TÅ£�+<�+.

|�³+`3ýË <̧�s��¿ÃýÙ ~yîT�Å£� >·TºÌq Âs+&�T >·T+&�Td�Ö<�T\qT #áÖ&�e#áTÌ. n$
|�sÁd�ÎsÁ+ d�eÖ+ÔásÁ+>± �H��sTT. |�³+ýË #áÖ|¾q³T¢ � d�Ö<�T\Å£� <�>·ZsÁýË ¿±+ÜÈq¿±��
�+ºÔû y�{ì ú&�\T $¹¿+çB¿£]+#á&�+ >·eT�+#áe#áTÌ. ¿±+ÜÈq¿±�� ¿=+#î+ <�ÖsÁ+>±
È]|¾q|�ð&�T y�{ì ú&�\T $¹¿+çB¿£]+|��&û ¿ÃD+ ÔáÐZbþsTT+~. ¿±+ÜÈq¿±�� �+¿±
<�ÖsÁ+>± È]|¾Ôû >·T+&�Td�Ö<�T\ ú&�\T ÿ¿£<��¿=¿£{ì d�eÖ+ÔásÁ+>± �+&û³T¢ @sÁÎ&�Ô�sTT.
¿±ú ¿=y=ÇÜï� eT¯ <�ÖsÁ+>± ÈsÁT|�ÚÔáÖ bþÔû ¿±+Ü rçeÔá Ôá>·TZÔáT+~. nq>± d�eÖ+ÔásÁ
¿±+Ü|�Ú+È+ ¿±y�\+fñ ¿±+ÜÈq¿£+ #�ý² <�ÖsÁ+ýË �+&�* eT]jáTT n~ ÔáÐq+Ôá
rçeÔá ¿£*Ðq<îÕ �+&�*. n³Te+{ì ¿±+ÜÈq¿£+ m¿£Ø&� �+~?

neÚqT, eTqÅ£� #�ý² <�ÖsÁ+ýË, n~ó¿£ rçeÔá >·\ ¿±+ÜÈq¿£+ d�ÖsÁT«&�T n�
MTsÁT }V¾²+º �+{²sÁT. |�Ú{²¿±sÁ<�sÁÎD+, d�ÖsÁ«¿±+ÜÔÃ �|�ð&�T eTqyîTT¿£ ç|�jîÖ>·+
#û<�Ý+.

ÿ¿£ |�Ú{²¿±sÁ<�sÁÎD²�� rd�T¿=�, <���|Õ d�ÖsÁ«¿±+Ü |�&û$<ó�+>± |�³T¼¿Ã+&�.
<�sÁÎD²�¿ì m<�TsÁT>± ÿ¿£ ºq� ¿±ÐÔá+eTT¿£ØqT �+º, yîT\¢>± yîqT¿£Å£� ÈsÁT|�ÚÔáÖ @
kÍ�q+ýË ºq�<îÕq eT]jáTT n~ó¿£ rçeÔá ¿£*Ðq d�ÖsÁT«� ç|�Ü_+�+ @sÁÎ&�TÔáT+<Ã
>·T]ï+#á+&�. (¿±ÐÔá+ |�]eÖD+ <�sÁÎD+�|Õ |�&û ¿±+Ü ¿ìsÁD²\Å£� n&�T¦>± �+&�Å£�+&�
kÍ<ó�«yîT®q+Ôá ºq�~>±    �+&û³T¢ C²ç>·Ôáï
eV¾²+#á+&�.)

d �Ös Á T«� qT+&� e#ûÌ  d �eÖ+Ôás Á
¿±+Ü¿ìsÁD²\T |�Ú{²¿±sÁ<�sÁÎD+ e\¢ ÿ¿£
_+<�TeÚ e<�Ý ¹¿+çB¿£]+|��&�Ô�sTT. (|�³+`4
ýË #áÖ&�+&�). � _+<�TeÚqT <�sÁÎD+ jîTT¿£Ø
H�_ó ‘F’ ýñ<� H�;ójáT _+<�TeÚ (Focus/ focal

point) n+{²+.

|�³+`3

CFP

|�³+`4

¿£�Ôá«+  2
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Measure the distance of this spot from the pole of the mirror. This

distance is the focal length (f) of the mirror. The radius of curvature will

be twice this distance (R=2f).

Does the reflected rays converge to a point in the picture you draw

with different rays based on fig. 2(b)?

· What happens if you hold the paper at a distance shorter than the focal

length from the mirror and move it away?

· Does the image of the sun become smaller or bigger?

You will notice that the image of the sun first keeps on becoming small,

beyond the focal point it keeps on becoming enlarged.

Note: while drawing a ray diagram

sometimes it is not clear which is the

reflecting side of the mirror. Hence we follow

a convention of showing lines on the non-

reflecting side(coated side).

Can you draw the same diagram for a convex

mirror?

See fig.-5. The parallel rays appear to

diverge after reflection. If we extend the reflected rays backwards they

meet at ‘F’ i.e. focus of the convex mirror.

When parallel rays are incident on a concave mirror, on reflection they

meet at the focus.

· Do we get an image with a concave mirror at the focus every time? Let

us find out.

F PC

Think and discuss

· See fig.-5. A set of parallel rays are falling on a convex mirror.

What conclusions can you draw from this?

· Will you get a point image if you place a paper at the focal point?S
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<�sÁÎD<ó��e+ ‘P’ qT+&� H�_ó ¿ì >·\ <�Ös��� ¿=\e+&�. � <�Ös��� <�sÁÎD+
jîTT¿£Ø H�uó�«+ÔásÁ+ ‘f’ (focal length) n+{²+. <�sÁÎD eç¿£Ô� y�«kÍsÁ�+ � <�Ös��¿ì
Âs{ì¼+|�Ú  �+³T+~. (R=2f).

 |�³+ 2(_)�<ó�sÁ+>± $$<ó� ¿ìsÁD²\ÔÃ MTsÁT ^d¾q |�³+ýË Å£L&� |�s�esÁïq
¿ìsÁD²\T �ý²¹> ¹¿+çB¿£]+|��&�¦jáÖ?
· <�sÁÎD²�¿ì m<�TsÁT>± H�uó�«+ÔásÁ+ ¿£H�� ÔáÅ£�Øe <�ÖsÁ+ýË ¿±ÐÔá+ eTT¿£ØqT �+º,

yîT\¢>± yîqT¿£Å£� ÈsÁT|�ÚÔáÖ bþÔû @+ ÈsÁT>·TÔáT+~?
· d�ÖsÁT«� ç|�Ü_+� |�]eÖD+ �|sÁT>·TÔáT+<�? Ôá>·TZÔáT+<�?

¿±ÐÔá+ <�sÁÎDH�_ó� #û¹s+ÔáesÁÅ£L d�ÖsÁT«� ç|�Ü_+� |�]eÖD+ ÔáÐZ, � ÔásÁy�Ôá
�|sÁ>·&�+ çbÍsÁ+_ód�Tï+<�� MTsÁT >·eT�+#áe#áTÌ.

>·eT�¿£: <�sÁÎD²\Å£� d�+�+~ó+ºq ¿ìsÁDºçÔ�\qT ̂ �d³|�ð&�T <�sÁÎD²\ |�s�esÁïq
Ôáý²�� >·T]ï+#á&�+ýË >·\ ��Ò+~� Ô=\Ð+#û+<�TÅ£�>±qÖ <�sÁÎD²\ Âs+&�e Ôáý²��
(sÁ+>·T|�PÔá �+&û Ôáý²��) d�q�� ̂ Ôá\ÔÃ d�Öº+#á&�+
|�]bÍ{ì.
|�Ú{²¿±sÁ <�sÁÎD²�¿ì ̂ d¾q³T¢>± Å£�+uó²¿±sÁ <�sÁÎD²�¿ì

Å£L&� ¿ìsÁDºçÔá+ ^jáT>·\s�?
|�³+`5qT |�]o*+#á+&�. Å£�+uó²¿±sÁ <�sÁÎD+�|Õ

|�&�q d�eÖ+ÔásÁ ¿±+Ü¿ìsÁD²\T |�s�esÁïq+ #î+<�¿£
$¹¿+çB¿£]+|��&�TÔáTH��sTT. |�s�esÁïq ¿ìsÁD²\qT eTq+
yîqTÅ£Å£� bõ&�Ð�dï, n$ Å£�+uó²¿±sÁ <�sÁÎDH�_ó ‘F’ e<�Ý
¿£\Td�TïH��sTT.

|�Ú{²¿±sÁ<�sÁÎD+�|Õ |�ÔáqyîT®q d�eÖ+ÔásÁ ¿±+Ü ¿ìsÁD²\T |�s�esÁïq+ #î+<�¿£ H�_ó
e<�Ý ¹¿+çB¿£]+|��&�TÔáTH��sTT.
· ç|�ÜkÍ] |�Ú{²¿±sÁ<�sÁÎD+ e\¢ ç|�Ü_+�+ H�_ó e<�ÝHû @sÁÎ&�TÔáT+<�?
   Ôî\Td�TÅ£�+<�+

F PC

|�³+`5

�ýËº+#á+&� ` #á]Ì+#á+&�

· |�³+`5ýË Å£�+uó²¿±sÁ <�sÁÎD+�|Õ d�eÖ+ÔásÁ ¿±+Ü¿ìsÁD²\T |�Ôáq+ #î+<�TÔáTH��sTT.
y�{ì� |�]o*�dï MT¹s+ #î|�Î>·\sÁT?

· � <�sÁÎD+ jîTT¿£Ø H�_ó e<�Ý ÔîsÁqT �+ºÔû, <���|Õ ÿ¿£ _+<�T ç|�Ü_+�+ @sÁÎ&�TÔáT+<�?S
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1

2

3

4

Lab Activity

fig-6

Aim: Observing the types of images and measuring the object distance

and image distance from the mirror.

Material required: A candle, paper, concave mirror (known focal

length), V-stand, measuring tape or meter scale.

Procedure: Place the concave mirror on V-stand, arrange a candle

and meter scale as shown in fig.-6.

Keep the candle at different distances from the mirror (10cm to 80cm)

along the axis and by moving the paper (screen) find the position where

you get the sharp image on paper. (Take care that flame is above the axis of

mirror, paper is below the axis). Note down your observations in table-1.

Table-1

Group your observations based on the type of image you see (e.g. Image

is bigger and inverted). It is possible you may not get any image at some

positions, note down that too!

Since we know the focal point and centre of curvature, we can reclassify

our above observations as shown in table-2. What do you infer from this

table?.

Sl. No.
Distance of candle

from mirror
(object distance-u)

Distance of paper
from mirror

(image distance-v)

Enlarged/

diminished

Inverted or

erected
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�<ûÝXø«+: $$<ó� sÁ¿±\ ç|�Ü_+u²\qT |�]o*+#á&�+` ed�Tï<�ÖsÁ+, ç|�Ü_+� <�Ös�\qT
¿=\e&�+.
¿±e\d¾q ed�TïeÚ\T: ¿=y=ÇÜï, Ôî\¢¿±ÐÔá+ ýñ<� ç&�sTT+>´ wÓ{Ù, H�uó�«+ÔásÁ+ Ôî*d¾q
|�Ú{²¿±sÁ <�sÁÎD+, V`kÍ¼+&�T, ¿=\Ôá fñ|�Ú ýñ<� MT³sÁT �dØ\T.
|�<�ÆÜ: |�Ú{²¿±sÁ <�sÁÎD²�� V-kÍ¼+&��|Õ �|³¼+&�. <��¿ì m<�TsÁT>± |�³+`6ýË #áÖ|¾q³T¢
yî\T>·TÔáTq� ¿=y=ÇÜï, MT³sÁT �dØ\TqT �+#á+&�..

<�sÁÎD+ qT+&� $$<ó� <�Ös�\ýË (10 �d+.MT. qT+&� 80 �d+.MT. esÁÅ£�) ç|�<ó�q
n¿£�+ yî+�&� ¿=y=ÇÜï� �+#áTÔáÖ, ¿±ÐÔ��� (ÔîsÁqT) eTT+<�TÅ£�, yîqT¿£Å£� ¿£<�T|�ÚÔáÖ
ç|�rkÍ] @ kÍ�q+ýË d�Îw�¼yîT®q  ç|�Ü_+�+  @sÁÎ&�TÔáT+<Ã  >·T]ï+#á+&�. (¿=y=ÇÜï
eT+³  <�sÁÎD+  jîTT¿£Ø  ç|�<ó�H�¿�±�¿ì  �|Õq  �+&û$<ó�+>±,  ¿±ÐÔá+  ç|�<ó�H�¿�±�¿ì
¿ì+<� �+&û$<ó�+>± C²ç>·Ôáï eV¾²+#á+&�.) MT |�]o\q\qT |�{ì¼¿£̀ 1ýË qyîÖ<�T #ûjáT+&�.

|�]o\q <�sÁÎD+ qT+&� ¿=y=ÇÜï¿ì
>·\ <�ÖsÁ+

(ed�Tï<�ÖsÁ+`u)

<�sÁÎD+ qT+&� ¿±ÐÔá+/
ÔîsÁÅ£� >·\ <�ÖsÁ+

(ç|�Ü_+�<�ÖsÁ+`v)

ed�TïeÚ ¿£H�� �|<�Ý<�/
ºq�<�?

�{²sÁT ç|�Ü_+�eÖ/
Ôá\ç¿ì+<�T\

ç|�Ü_+�eÖ?

|�³+`6

1

2

3

4

ç|�jîÖ>·Xæ\ ¿£�Ôá«+

|�{ì¼¿ £`1

MT |�]o\q\ýË �|<�Ý ç|�Ü_+�+ @sÁÎ&�q d�+<�s�ÒÛ\T, ºq� ç|�Ü_+�+ @sÁÎ&�q
d�+<�s�ÒÛ\qT yû¹sÇsÁT>± s�jáT+&�. ¿=�� d�+<�s�ÒÛ\ýË ç|�Ü_+�+ @sÁÎ&�¿£bþe#áTÌ.
n³Te+{ì d�+<�s�ÒÛ\qT Å£L&� >·T]ï+º qyîÖ<�T #ûjáT+&�.

<�sÁÎD+ jîTT¿£Ø H�uó�«+ÔásÁ+, eç¿£Ô�y�«kÍsÁÆ+ eTqÅ£� Ôî\Td�T. ¿±eÚq �|Õ |�]o\q\qT
|�{ì¼¿£̀ 2ýË #áÖ|¾q$<ó�+>± e Z̄¿£]+#áe#áTÌ. B�qT+&� MTsÁT @+ �s�ÆsÁD\T #ûjáT>·\sÁT?
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At this point we suggest that you make one more observation. You

have been trying to get the image on a paper when the object is at different

positions. At the same time also look into the mirror and note your

observations about how the image appears.

· Is it inverted or erect? enlarged or diminished?

Table - 2

What do you infer from the table-2?

Let us try to draw ray diagrams with concave mirrors and compare

them with your inferences.

1.2 Ray diagrams (Image formation by concave mirror)

In activity-2 we saw the ray diagram of sunrays parallel to the concave

mirror and the image of the sun was very small at the focal point

(See fig.-4). Now we shall develop a technique to draw ray diagrams when

an object is placed anywhere on the axis of the mirror and validate the

above observations.

Here we will take at least two rays originating from the same point on

the object but with different direction, see how they

get reflected from the mirror and find out the point

where they meet to form the image.

Let us take an example.

As shown in the fig.-7, assume a concave mirror

and a candle placed at some distance along the axis

of the mirror.

Position of the

candle (object)

Enlarged/

diminished

Inverted or

erect

Position of
the image

Between mirror & F

At focal point

Between F and C

At centre of curvature

Beyond C

Real or

virtual

A

B

fig-7
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� ç|�jîÖ>·+ýË MTsÁT eTs=¿£ |�]o\q Å£L&� #ûjáTe\d¾ �+~. ed�TïeÚqT $$<ó�
kÍ�H�\ýË �+º ÔîsÁ�|Õ <�� ç|�Ü_+u²�� |�³¼&��¿ì ç|�jáTÜ�+#û³|�ð&�T, <�sÁÎD+ýË
Å£L&� ç|�Ü_+�+ @sÁÎ&�+<ûyîÖ yîÔá¿£+&�.

� ç|�Ü_+�+ mý² �+~? �{²sÁT>± �+<� ýñ¿£ Ôá\ç¿ì+<�T\T>± �+<�? �|<�Ý~>±
�+<� ýñ¿£ ºq�~>± �+<�?

|�{ì¼¿ £`2

|�{ì¼¿£̀ 2ýË� $es�\ �<ó�sÁ+>± MT¹s+ �s�ÆsÁD\T #ûjáT>·\sÁT?

|�Ú{²¿±sÁ <�sÁÎD+ÔÃ @sÁÎ&û ç|�Ü_+u²\Å£� d�+�+~ó+ºq ¿ìsÁDºçÔ�\qT ^d¾,
y�{ì� MT |�]o\q\ÔÃ bþ*Ì #áÖ<�Ý+.

1.2 ¿ìsÁDºçÔ�\T: (|�Ú{²¿±sÁ <�sÁÎD+ÔÃ ç|�Ü_+�+ @sÁÎ&û $<ó�q+)
¿£�Ôá«+`2ýË d�ÖsÁT«� qT+&� e#ûÌ d�eÖ+ÔásÁ ¿±+Ü¿ìsÁD²\T |�Ú{²¿±sÁ <�sÁÎD+�|Õ

|�&�q|�ð&�T, <�sÁÎDH�_ó e<�Ý d�ÖsÁT«� ç|�Ü_+�+ nÜ ºq�~>± @sÁÎ&�{²�� $e]+#û
¿ìsÁDºçÔ��� eTq+ >·eT�+#�+. (|�³+`4 #áÖ&�+&�.)

<�sÁÎD²�¿ì m<�TsÁT>± ç|�<ó�q n¿£�+�|Õq @ _+<�TeÚ e<�Ý ed�TïeÚqT �+ºH�, @sÁÎ&û
ç|�Ü_+u²�¿ì d�+�+~ó+º ¿ìsÁDºçÔ��� ̂ jáT&��¿ì �|�ð&�T eTqyîTT¿£ d�T\TyîÕq |�<�ÆÜ�
y�&�T<�+. ç|�jîÖ>·+ýË eTq |�]o\q\qT � ¿ìsÁDºçÔ�\ÔÃ bþ*Ì #áÖ<�Ý+. B�¿ì>±qT,

ed�TïeÚ�|Õ @<û� _+<�TeÚ qT+&� �jáT\T<û] yû¹sÇsÁT ~Xø\ýË
ç|�jáÖDì+#û Âs+&�T ¿ìsÁD²\qT rd�TÅ£�+<�+. <�sÁÎD+ #ûÔá
|�s�esÁïq+ #î+<�¿£ ç|�Ü_+u²�� @sÁÎsÁ#á&��¿ì Ü]Ð n$
m¿£Ø&� ¿£\TkÍïjîÖ |�]o*<�Ý+.

¿ì+~ �<�V�²sÁDqT |�]o*+#á+&�.
|�³+`7ýË #áÖ|¾q $<ó�+>± ÿ¿£ |�Ú{²¿±sÁ<�sÁÎD+, <��

ç|�<ó�q n¿£�+ yî+�&� ¿=+Ôá<�ÖsÁ+ýË yî\T>·TÔáTq� ¿=y=ÇÜï
�+<£áqT¿Ã+&�.

A

B

|�³+`7

¿=y=ÇÜï kÍ�q+
(ed�TïeÚ kÍ�q+)

ç|�Ü_+�
kÍ�q+

ed�TïeÚ ¿£H��
�|<�Ý<�/
ºq�<�?

�{²sÁT ç|�Ü_+�eÖ/
Ôá\ç¿ì+<�T\

ç|�Ü_+�eÖ?

�È ç|�Ü_+�eÖ /
$T<¸�« ç|�Ü_+�eÖ

<�sÁÎDç<ó�Te+, H�_ó eT<ó�«

H�_ó e<�Ý

H�_ó, eç¿£Ô�¹¿+ç<�+ eT<ó�«

eç¿£Ô� ¹¿+ç<�+ e<�Ý
eç¿£Ô�¹¿+ç<��¿ì �e\
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The diagram shows two rays coming from the tip of the flame (object).

The reflected rays are constructed based on the laws of reflection.They

meet at point A. The tip of the flame of the reflected image will be at the

point of intersection, A.

·    Why only at point A?

If we hold the screen at any point before or beyond point A (for example

at point B), we see that the rays will meet the screen at different points.

Therefore, the image of the tip of the flame will be formed at different

points due to these rays. If we draw more rays emanating from the same tip

we will see that at point A they will meet but at point B they won’t. So, the

image of the tip of the flame will be sharp if we hold the screen at point A

and will become blurred (due to overlaping of multiple images) when we

move the paper slightly in any direction (forward or backward).

Is this not something that you observed during the previous experiment

with sun rays?

However, it is not going to be easy to evaluate the angle of reflection

for any arbitrary ray, every time we will have to find the normal, measure

the incident angle and construct a ray with equal angle

on the other side. This would be a tedious task, can

we find any other simpler method?

Yes, there are a few. Based on our discussion so

far, we can identify some appropriate rays which we

can take as representative rays to find the point ‘A’.

We have seen that all rays that are parallel to the

axis get reflected such that they pass through the focal

point of the mirror. So, for drawing any diagram the most suitable ray to

draw will be the one that comes from the object and goes parallel to the

axis of the mirror. The reflected ray will be the line drawn from the point

of incidence on the mirror and passes through the focal point of the mirror.

To make it more convenient we will always take rays that come from the

tip of the object. See the ray R
1
 in fig.-8.

The converse situation of previous one is also true; that is, a ray

that passes through the focal point of the mirror  will travel parallel

to the axis after reflection.

fig-8

F C

R
1

P

fig-8
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¿=y=ÇÜï eT+³ (ed�TïeÚ) ¿=quó²>·+ qT+&� �jáT\T<û]q Âs+&�T ¿ìsÁD²\qT |�³+ýË
#áÖ&�e#áTÌ.  |�s�esÁïq  d�ÖçÔ�\qT �|�jîÖÐ+º � ¿ìsÁD²\Å£� |�s�esÁïq ¿ìsÁD²\qT
^�dï, n$ A e<�Ý ¿£*kÍsTT.  � K+&�q _+<�TeÚ A e<�Ý eT+³¿=quó²>·+ jîTT¿£Ø
ç|�Ü_+�+ @sÁÎ&�TÔáT+~.

m+<�TÅ£� A e<�ÝHû @sÁÎ&�TÔáT+~?
A _+<�TeÚÅ£� eTT+<�T ýñ<� ÔásÁy�Ôá @<û� _+<�TeÚ (�<�V�²sÁDÅ£� B _+<�TeÚ)

e<�Ý ÔîsÁqT �+ºÔû, |�s�esÁïq ¿ìsÁD²\T ÔîsÁ�|Õ $$<ó� _+<�TeÚ\qT #ûsÁ&�+ eTq+
>·eT�+#áe#áTÌ. ¿±�{ì¼ � ¿ìsÁD²\ e\¢ ç|�Ü_+�+ $$<ó� _+<�TeÚ\ e<�Ý @sÁÎ&�TÔáT+~.
eT+³ ¿=quó²>·+ qT+&� eT]¿=�� ¿ìsÁD²\qT ^d¾H� neú� A _+<�TeÚ e<�Ý
¿£\Td�TÅ£�+{²sTT. ¿±ú B _+<�TeÚ e<�Ý @¿¡uó�$+#áeÚ. ¿±�{ì¼ ÔîsÁqT A e<�Ý �+ºÔû
ç|�Ü_+�+ d�Îw�¼+>± @sÁÎ&�TÔáT+~. A qT+&� ¿=+#î+ eTT+<�TÅ£� ýñ<� yîqT¿£Å£� ÔîsÁqT
È]|¾Ôû $$<ó� ç|�Ü_+u²\T n�� ¿£*d¾ (n<ó�«sÃ|�D+ #î+~) |��*Ôá+>± @sÁÎ&û ç|�Ü_+�+
eTd�¿£u²]q³T¢>± �+³T+~.

MTsÁT �+ÔáÅ£� eTT+<�T d�ÖsÁ«¿ìsÁD²\ÔÃ #ûd¾q ç|�jîÖ>·+ýË Å£L&� �<û $w�jáÖ��
>·eT�+#�sÁT ¿£<�!

nsTTÔû, >ÃÞ²¿±sÁ <�sÁÎD+�|Õ |�&�q ç|�Ü ¿±+Ü¿ìsÁD²�¿ì |�s�esÁïq ¿ìsÁD+ ̂ jáT&�+
@eT+Ôá d�T\uó�+ ¿±<�T. ç|�rkÍ] |�Ôáq_+<�TeÚ e<�Ý d�ÎsÁô¹sK ^d¾, \+u²�� >·T]ï+º

|�Ôáq¿ÃD²�� ¿£qT>=H�*. � ¿ÃD²�¿ì d�eÖqyîT®q ¿ÃD+ÔÃ
|�s�esÁïq ¿ÃD+ ^jáÖ*. �<�+Ô� çXøeTÔÃ Å£L&�q n+Xø+.
eT] B�¹¿<îÕH� d�T\uó�yîT®q |�<�ÆÜ �+<�?

�|�Î{ìesÁÅ£� eTq+ #á]Ì+ºq _+<�TeÚ ‘A’ (|�s�esÁïq
¿ìsÁD²\ K+&�q _+<�TeÚ)qT ¿£qT>=q&��¿ì ÔáÐq ¿ìsÁD²\T
¿=�� �H��sTT.

ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± eºÌq ¿ìsÁD²\T |�s�esÁïq+
#î+<�¿£ H�_ó>·T+&� ç|�jáÖDìkÍïjáT� eTqÅ£� Ôî\Td�T. ¿±�{ì¼

@ ¿ìsÁDºçÔá+ ^jáÖ\H�� ed�TïeÚ qT+&� �jáT\T<û] <�sÁÎD+ jîTT¿£Ø ç|�<ó�H�¿�±�¿ì
d�eÖ+ÔásÁ+>± ç|�jáÖDì+º <�sÁÎD²�� #û¹s ¿ìsÁDyûT eTq+ ̂ jáTe\d¾q yîTT<�{ì ¿ìsÁD+.
n|�ð&�T <�sÁÎD+�|Õ >·\ |�Ôáq_+<�TeÚ qT+&� H�_ó>·T+&� ^d¾q ¹sK |�s�esÁïq ¿ìsÁD+
neÚÔáT+~. ¿ìsÁDºçÔ�\qT eT]+Ôá d�T\uó�+>± ̂ jáT&��¿ì, ed�TïeÚ jîTT¿£Ø �|Õ¿=q qT+&�
�jáT\T<û¹s ¿ìsÁD²\Hû rd�TÅ£�+<�+. |�³+`8ýË� ¿ìsÁD+ R

1
qT |�]o*+#á+&�.

�|�Î{ìesÁÅ£� #á]Ì+ºq d�+<�s�ÒÛ�¿ì |�P]ï>± e«Ü¹s¿£ d�+<�sÁÒÛ+ Å£L&� d�]jî®Tq<û.
n+fñ <�sÁÎDH�_ó>·T+&� ç|�jáÖDìd�Öï <�sÁÎD+�|Õ |�Ôáq+ #î+~q ¿ìsÁD+ |�s�esÁïq+
#î+<�¿£ ç|�<ó�q n¿�±�¿ì d�eÖ+ÔásÁ+>± ç|�jáÖDìd�Tï+~.
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This gives us our second ray. This will be the ray coming from the tip

of the flame and going through the focal point

and falling on the mirror. After reflection, this

ray travels parallel to the axis. So we draw the

reflected ray as a line parallel to the axis coming

from the point where the incident ray meets the

mirror. See R
2
 in fig.-9.

Using the  rays R
1
, R

2
 and finding the point

where they intersect we know the point where the

image of  the tip is formed.

There is one more ray which is convenient to draw.

We have seen earlier that any ray that is normal to the surface, on

reflection, will travel along the same path but in the opposite direction.

Which ray can such a one be for a spherical mirror?

We know that a line drawn from the centre of

curvature to the mirror is perpendicular to the

tangent at the point where the line meets the curve.

So if we draw a ray coming from the tip of the

object going through the centre of curvature to

meet the mirror, it will get reflected along the same

line. This ray is shown as R
3
 in the fig.-10. In

general, a ray travelling along normal retraces its

path.

Along with these three rays ‘the ray which comes from the object and

reaches the pole of the mirror’ is also useful in drawing ray diagrams. For

this ray, the principal axis is the normal.

If we have our

object (candle) placed

as shown in fig.-11, we

can draw the ray diagram

to get the point of

intersection A, of any

two rays coming   from

the top of the object

F C

R
2

P

R
3

F

C

P

R
1

R
2

F C

B

A

R
1

R
1

R
2

R
2

B

A

FP C

fig-9

fig-10

fig-11
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�ý² ç|�jáÖDì+#û ¿ìsÁDyûT eTq+ ^jáTe\d¾q Âs+&Ã ¿ìsÁD+. � ¿ìsÁD+ ed�TïeÚ
�|Õ¿=quó²>·+ qT+&� �jáT\T<û] H�_ó>·T+&� ç|�jáÖDìd�Öï
<�sÁÎD+�|Õ |�Ô áqeTeÚÔáT+~. |�s�esÁ ïq+ #î+<�¿£
ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± ç|�jáÖDìd�Tï+~. ¿±�{ì¼
|�Ôáq_+<�TeÚ qT+&� �jáT\T<û] ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>±
�+&û$<ó�+>± eTq+ |�s�esÁïq¿ìsÁD+ ̂ jáÖ*. |�³+`9ýË
¿ìsÁD+ R

2
qT >·eT�+#á+&�.

R
1
, R

2
 ¿ìsÁD²\qT �|�jîÖÐ+º y�{ì K+&�q_+<�TeÚqT

¿£qT>=+fñ ed�TïeÚ �|Õ¿=quó²>·+ jîTT¿£Ø ç|�Ü_+�+ m¿£Ø&� @sÁÎ&�TÔáT+<Ã Ôî\Td�Tï+~.

¿ìsÁDºçÔ�\qT ^jáT&��¿ì nqTÅ£L\yîT®q eTs=¿£ ¿ìsÁD+ Å£L&� �+~.

ÿ¿£ Ôá\+�|Õ \+�+>± |�ÔáqyîT®q ¿ìsÁD+ |�s�esÁïq+ #î+<�¿£ Ü]Ð n<û eÖsÁZ+ýË
(e«Ü¹s¿£ ~XøýË) yîÞø�ï+<�� eTqÅ£� Ôî\Td�T. >ÃÞ²¿±sÁ <�sÁÎD+�|Õ ný² \+�+>± |�&û ¿ìsÁD+
@~?

<�sÁÎDeç¿£Ô�¹¿+ç<�+ ‘C’ qT+&� <�sÁÎD+�|Õ¿ì ̂ jáT�&�q
¹sK, |�Ôáq_+<�TeÚ e<�Ý ^d¾q d�ÎsÁô¹sKÅ£� \+�+>± �
+³T+<�� eTqÅ£� Ôî\Td�T. ¿±�{ì ¼ ed�TïeÚ jîTT¿£Ø
�|Õ¿=quó²>·+ qT+&� �jáT\T<û] eç¿£Ô�¹¿+ç<�+>·T+&�
ç|�jáÖDìd�Öï <�sÁÎD²�� #û¹s ¿ìsÁD²�� ̂ �dï, n~ |�s�esÁïq+
#î+<�¿£ Ü]Ð n<û eÖsÁZ+>·T+&� yîqT¿£Å£� yîÞø�ï+~.  n+fñ
\+�+ yî+�&� ç|�jáÖDì+#û ¿±+Ü ¿ìsÁD+ |�s�esÁïq+

#î+<�¿£ Å£L&� \+�+ yî+�&û ç|�jáÖDìd�Tï+~. � ¿ìsÁD+ R
3
 � |�³+`10ýË |�]o*+#á+&�.

� eTÖ&�T ¿ìsÁD²\ÔÃbÍ³T ed�TïeÚ qT+&� �jáT\T<û] <�sÁÎDç<ó�Te+(pole)qT #û¹s
¿ìsÁD+ Å£L&� ¿ìsÁDºçÔ�\qT ̂ jáT&��¿ì �|�jîÖ>·|�&�TÔáT+~. � ¿ìsÁD²�¿ì ç|�<ó�H�¿£�yûT

\+�+ neÚÔáT+~.

|�³+`11ýË #áÖ|¾q
$<ó�+>±  ed�TïeÚ  (¿=y=ÇÜï)
�+fñ, ed�TïeÚ�|Õuó²>·+ qT+&�
e#ûÌ @yû� Âs+&�T ¿ìsÁD²\
K+&�q_+<�TeÚ eT]jáTT A qT,
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p CF
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and point of intersection B, of any two rays coming from the bottom of

the object. We notice that point B is exactly at the same distance from

mirror as point A.  Hence the image is vertical and inverted.

·  Where is the base of the candle expected to be in the image when the

candle is placed on the axis of the mirror?

Since any ray coming from any point on the axis and travelling along

the axis will get reflected on the axis itself, we can conclude that the base

of the image is going to be on the axis. Using the knowledge, that if the

object is placed vertically on the axis, the image is going to be vertical, all

that we need to do, is to draw a perpendicular from point A to the axis. The

intersection point is the point where the base of the image of the candle is

likely to be formed. See fig.-12. Hence,

as shown in the diagram the image will

be inverted and diminished.

Fig.-12 is drawn for the case where

the object is placed beyond the centre of

curvature. Does this conclusion match

with your observations? (Lab Activity)

Draw similar diagrams for other

cases and verify that they match with your

observations.

· During the experiment, did you get any positions where you could not

get an image on the screen?

Consider the case shown in the

fig.-13. The candle object (O) is

placed at a distance less than the

focal length of the mirror.

The first ray (R
1
) will start from

tip of the object and run parallel to

axis to get reflected so as to pass

through the focal point.
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21 >ÃÞ²¿±sÁ <�sÁÎD²\ÔÃ ¿±+Ü |�s�esÁïq+$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

ed�TïeÚ ¿ì+~uó²>·+ qT+&� e#ûÌ @yû� Âs+&�T ¿ìsÁD²\ K+&�q _+<�TeÚ B qT ¿ìsÁDºçÔá+
^jáT&�+ <�Çs� bõ+<�e#áTÌ. <�sÁÎD+ qT+&� A m+Ôá <�ÖsÁ+ýË �+³T+<Ã, B Å£L&�
n+Ôû <�ÖsÁ+ýË �+³T+~. ¿±�{ì¼ ç|�Ü_+�+ |�³+ýË #áÖ|¾q³T¢ ç|�<ó�H�¿�±�¿ì \+�+>±
�+³T+~. � d�+<�sÁÒÛ+ýË ç|�Ü_+�+ Ôá\¿ì+<�T\T>± �+~.

¿=y=ÇÜï� <�sÁÎDç|�<ó�H�¿£�+�|Õ �+ºÔû, ¿=y=ÇÜï ¿ì+~uó²>·+ (�<ó�sÁ+) jîTT¿£Ø
ç|�Ü_+�+ m¿£Ø&� @sÁÎ&�TÔáT+~?

ç|�<ó�H�¿£�+ �|ÕqTq� @<û� _+<�TeÚ qT+&� �jáT\T<û] ç|�<ó�H�¿£�+ yî+³
ç|�jáÖDì+ºq ¿ìsÁD+ |�s�esÁïq+ #î+<�¿£ Ü]Ð ç|�<ó�H�¿£�+ yî+�&û ç|�jáÖDìd�Tï+~.
nq>± ¿=y=ÇÜï �<ó�sÁ+ jîTT¿£Ø ç|�Ü_+�+ ç|�<ó�H�¿£�+�|ÕHû @sÁÎ&�TÔáT+<�� #î|�Îe#áTÌ.
¿=y=ÇÜï� ç|�<ó�H�¿£�+�|Õ \+�+>± �+ºq|�ð&�T ç|�Ü_+�+ Å£L&� n¿�±�¿ì \+�+>±
@sÁÎ&�TÔáT+<�� Ôî\Td�Tï+~. nsTTÔû, eTq+ #ûjáTe\d¾+<�ý²¢ A  _+<�TeÚ qT+&�
ç|�<ó�H�¿£�+ MT<�Å£� ÿ¿£ \+u²�� ̂ jáÖ*. \+�+, ç|�<ó�H�¿£�+ K+&�+#áTÅ£�Hû _+<�TeÚ
e<�Ý ¿=y=ÇÜï �<ó�sÁ+jîTT¿£Ø ç|�Ü_+�+ @sÁÎ&�TÔáT+~. |�³+`12 #áÖ&�+&�. |�³+ýË
#áÖ|¾q$<ó�+>± ç|�Ü_+�+ Ôá\ç¿ì+<�T\T>±qÖ, ed�TïeÚ¿£H�� ºq�~>±qÖ @sÁÎ&�TÔáT+~.

| � ³ + ` 1 2 n H û ~ , e d � T ï e Ú q T
<�sÁÎDeç¿£Ô� ¹¿+ ç<��¿ì �e\ �+ºq
d�+<�s�Ò Û�¿ ì d �+�+~ó+ºq~. MTs ÁT
ç|�jîÖ>·|�PsÁÇ¿£+>± Ôî\Td�TÅ£�q� $w�jáT+
�<û$<ó�+>± �+<�?(ç|�jîÖ>·Xæ\ ¿£�Ôá«+)

MTsÁT #ûd¾q ç|�jîÖ>·+ýË� $$<ó�
d�+<�s�ÒÛ\Å£� nqT>·TD+>± ¿ìsÁDºçÔ�\T
^jáT+&�. MT ç|�jîÖ>· |�]o\qýÔÃ bþ*Ì
#áÖ&�+&�.

MTsÁT ç|�jîÖ>·+ #ûd¾q|�ð&�T @<îÕH� ç|�<ûXø+ýË ed�TïeÚqT �+ºq|�ð&�T ÔîsÁ�|Õ ç|�Ü_+�+
@sÁÎ&�¿£bþe&��� >·T]ï+#�s�?

|�³+`13ýË�  d�+<�s�Ò Û��
|�]o*+#á+&�. �+<�TýË ed�TïeÚ O

(¿=y=ÇÜï)� <�sÁÎDH�uó�«+ÔásÁ+  ¿£H��  ÔáÅ£�Øe
<�ÖsÁ+ýË �+#�+.

yîTT<�{ì  ¿ìsÁD+  (R
1
)  ed�TïeÚ  �|Õ¿=q

qT+&� �jáT\T<û] ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>±

yî[ß <�sÁÎD²�� Ô�¿ì, |�s�esÁïq+ #î+<�¿£
H�_ó  (F)   >·T+&� yîÞø� ï+~.
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This one is easy to draw. The second ray that we chose for earlier ray

diagrams is the ray coming from the tip of the object and going through the

focal point but it is not possible as such a ray will not meet the mirror. So

we must use the third ray, a ray coming from the tip of the object and going

through the centre of curvature. But that to does not seem to be possible.

So we make a small change.

Instead of drawing a ray from the candle tip to centre of curvature, we

consider a ray that comes from the tip and goes in such a direction that it

would go through the centre of curvature if extended backwards. This ray

is normal to the surface and so will be reflected along the same line in

opposite direction and will go through centre of curvature.

We notice that the two reflected rays (fig.-13) diverge and will not

meet. While doing the experiments for a case such as this we were unable

to find any place where we get a sharp image on the screen. This ray diagram

tells us that since the reflected rays are diverging we will not get an image

anywhere. So even if we had

moved the screen much away from

the mirror, we would not have

found an image.

In such situations, however, we

do see an image when we look in

the mirror. Is it possible to explain

this image with a ray diagram?

Remember what we did to find

the image in a plane mirror. To

decide the position of image we extended the reflected rays backwards till

they meet. We will do the same here. When we look in the mirror we are

looking at these diverging reflected rays. They appear to be coming from

one point. We can get this point by extending the rays backwards as shown

in fig.-14. The image does not really exist the way we see in other cases,

but it is visible to us.  As seen in the fig.-14, the image will be erect and

enlarged. Does this match with your observations?

This image that we get by extending the rays backwards is called a

virtual image. We cannot get this on a screen like a real image.
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23 >ÃÞ²¿±sÁ <�sÁÎD²\ÔÃ ¿±+Ü |�s�esÁïq+$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

� ¿ìsÁD²�� ̂ jáT&�+ Ôû*¹¿. �+ÔáÅ£� eTT+<�T ¿ìsÁD ºçÔ�\qT ̂ jáT&��¿ì eTq+ mqT�Å£�q�
¿ìsÁD²\ýË Âs+&�e ¿ìsÁD+ ed�TïeÚ �|Õ¿=q qT+&� �jáT\T<û] H�_ó>·T+&� yîÞ²ß*. ¿±ú ný² yîÞâß
¿ìsÁD+ <�sÁÎD²�� Ô�¿£<�T. ¿±�{ì¼ ed�TïeÚ �|Õ¿=q qT+&� �jáT\T<û] <�sÁÎDeç¿£Ô�¹¿+ç<�+ >·T+&�
yîÞâß eTÖ&�e ¿ìsÁD²�� y�&�*. ¿±ú �~ Å£L&� <�sÁÎD²�� Ô�¹¿ ne¿±Xø+ ýñ<�T. ¿±�{ì¼
eTqyîTT¿£ ºq�eÖsÁTÎ #û<�Ý+.  ed�TïeÚ �|Õ¿=q qT+&� �jáT\T<û] <�sÁÎDeç¿£Ô�¹¿+ç<�+
>·T+&� bþjûT ¿ìsÁD²�¿ì �<�T\T>± ed�TïeÚ �|Õ¿=q qT+&� �jáT\T<û] <�sÁÎD+yîÕ|�Ú>± yîÞâß
¿ìsÁD²\ýË @ ¿ìsÁD²�� yîqT¿£Å£� bõ&�Ð�dï n~ eç¿£Ô�¹¿+ç<�+>·T+&� bþÔáT+<Ã, � ¿ìsÁD²��
|�]>·DqýË¿ì rd�TÅ£�+<�+.� ¿ìsÁD+ |�Ôáq_+<�TeÚ e<�Ý <�sÁÎD²�¿ì \+�+>± �+&�³+
e\ ¢ | �s�es Á ïq+ # î+<�¿ £  eç¿ £Ô� ¹¿+ç< �+> · T+&� ç| �j áÖD ìd � T ï+~.

|�³+`13ýË eTq+ #áÖd¾q Âs+&�T ¿ìsÁD²\T |�s�esÁ ïq+ #î+<�¿£
$¹¿+çB¿£]d�TïH��sTT. ¿±�{ì¼ n$ K+&�+#áT¿Ãe� Ôî\Td�Tï+~. � d�+<�sÁÒÛ+ý²>±Hû eTq+
ç|�jîÖ>·+ #û�d³|�ð&�T Å£L&� ¿=�� d�+<�s�ÒÛ\ýË ç|�Ü_+u²�� ÔîsÁ�|Õ |�³¼&�+ kÍ<ó�«+¿±<�T.
| �s�es Á ïq ¿ ìs ÁD²\T $ ¹¿+çB¿£]+#á T¿Ãe&�+ e\q eTq+ ç| �Ü_+u²��
bõ+<�ýñ¿£bþÔáTH��eT� |�³+`13ýË� ¿ìsÁDºçÔá+ Ôî*jáTCñd�Tï+~. ¿±�{ì¼ eTq+ ÔîsÁqT
<�sÁÎD+ qT+&� m+Ôá<�ÖsÁ+ È]|¾H� Å£L&� ç|�Ü_+u²�� >·T]ï+#áýñeTT.

¿±ú �³Te+{ì d�+<�s�ÒÛ\ýË ç|�Ü_+u²��
<�sÁÎD+ýË #áÖ&�e#áTÌ. � $w�jáÖ��
¿ìsÁDºçÔá+ÔÃ $e]+#á>·\eÖ?

d�eTÔ á\ <�s ÁÎD+ýË ç|�Ü_+u²��
>·T]ï+#á&��¿ì @+ #ûXæyîÖ >·TsÁTïÅ£� Ôî#áTÌ¿Ã+&�.
|�s�esÁïq ¿ìsÁD²\qT K+&�+#áTÅ£�Hû+ÔáesÁÅ£�
yîqT¿£Å£� bõ&�Ð+º ç|�Ü_+� kÍ�H��� >·T]ï+#�+.
�|�ð&�T Å£L&� ný²¹> #û<�Ý+. eTq+ n<�Ý+ýË¿ì
#áÖd¾q|�ð&�T $¹¿+çB¿£]d�Tïq� |�s�esÁïq ¿ìsÁD²\Hû
#áÖd�TïH��+. n$ ÿ¹¿ _+<�TeÚ qT+&� �jáT\T<û]

ed�Tïq�³T¢ ¿£�|¾kÍïsTT. |�³+`14ýË #áÖ|¾q³T¢ $¹¿+çB¿£]d�Tïq� |�s�esÁïq ¿ìsÁD²\qT yîqT¿£Å£�
bõ&�Ð+º y�{ì K+&�q_+<�TeÚqT >·T]ï+#áe#áTÌ. $TÐ*q d�+<�s�ÒÛ\ýË eTq+ ç|�Ü_+�+
#áÖd¾q$<ó�+>± �¿£Ø&� ç|�Ü_+�+ �+&�<�T. ¿±ú <�sÁÎD+ýË ç|�Ü_+�+ ¿£�|¾d�Tï+~. |�³+`14ýË
#áÖ|¾q³T¢ ç|�Ü_+�+ �{²sÁT>±qÖ, ed�TïeÚ ¿£+fñ �|<�Ý~>±qÖ �+³T+~. MT ç|�jîÖ>·+ýË�
|�]o\q\T B�� bþ* �H��jáÖ?

�$<ó�+>± ¿ìsÁD²\qT yîqT¿£Å£� bõ&�Ð+º bõ+~q ç|�Ü_+u²�� $T<̧�«ç|�Ü_+�+
(virtual image)  n+{²+. B�� �Èç|�Ü_+�+ (real image)ý²>± ÔîsÁMT<� |�³¼ýñeTT.
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The case in which the object is at the

centre of curvature is another interesting

situation. See fig.-15.

From the ray diagram (fig.-15) we

conclude that the image of the object will

be formed at the same distance as the

object and it will be inverted and of the

same size.

What is your observation?

From the ray diagrams and the observations you may have noticed some

peculiar properties of concave mirrors. They enlarge the image when the

object is held close to the mirror (less than the focal length). Also, the

image is erect. This property is used at many places and most commonly

in shaving mirrors and mirrors used by dentists. Another property is the

way that it can converge the rays to its focal point. This is extensively used

in many places. Look at the shape of TV dish antennas.

If you look around you will see many curved

surfaces but all surfaces are not concave, many of

these are convex.

Have you observed the rare view mirrors of a car?

What type of surface do they have?

Have you observed images formed on the rear

and window glasses of a car?  What type of surfaces

are these? See fig. -16.

Can we draw ray diagrams for convex surfaces?

R
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R
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fig-15

fig-16

Think and discuss

· Do you get an image when object is placed at F?

· Draw a ray diagram. Do the experiment.
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25 >ÃÞ²¿±sÁ <�sÁÎD²\ÔÃ ¿±+Ü |�s�esÁïq+$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

<�sÁÎDeç¿£Ô� ¹¿+ç<�+ C e<�Ý ed�TïeÚqT+#á&�+
eTs=¿£ �d�¿ì ï¿£sÁyîT®q d�+<�sÁÒÛ+. |�³+`15
#áÖ&�+&�.

|�³+`15ýË� ¿ìsÁDºçÔ��� |�]o*�dï
ç| �Ü_+�| �]eÖD+ ed � T ï| �]eÖD²�¿ ì
d �eÖq+>± �+<��, ed�T ïeÚ < �s Á ÎD²�¿ì
m+Ôá<�Ös Á+ýË �+<Ã ç|�Ü_+�+ Å£L&�
n+Ôû<�ÖsÁ+ýË @sÁÎ&�TÔáT+<�� �s�Æ]+#áe#áTÌ.
n+Ôû>±¿£ �|Õ  d�+<�s ÁÒ Û+ýË  ç|�Ü_+�+
Ôá\ç¿ì+<�T\T>± @sÁÎ&�³+ >·eT�+#áe#áTÌ.

MT ç|�jîÖ>·+ýË MT¹s+ >·eT�+#�sÁT?

¿ìsÁDºçÔ�\qT, ç|�jîÖ>·|�]o\q\qT�{ì¼ |�Ú{²¿±sÁ <�sÁÎD²�¿ì ¿=�� ç|�Ôû«¿£
\¿£�D²\TH��jáT� MTsÁT >·T]ï+º �+{²sÁT. |�Ú{²¿±sÁ <�sÁÎD²�¿ì <�>·ZsÁýË (H�uó�«+ÔásÁ+
¿£H�� ÔáÅ£�Øe <�ÖsÁ+ýË) ed�TïeÚqT+ºq|�ð&�T @sÁÎ&û ç|�Ü_+�|�]eÖD+ mÅ£�Øe>±
�+³T+~. � \¿£�D²�� eTq �Ôá«J$Ôá+ýË $$<ó� |�qT\ýË, �<�V�²sÁDÅ£� �w$+>́
n<�Ý\T, <�+ÔáyîÕ<�T«\T �|�jîÖÐ+#û n<�Ý\ ÔájáÖ¯ýË $�jîÖÐkÍïs. |�Ú{²¿±sÁ <�sÁÎD+
jîTT¿£Ø eTs=¿£ \¿£�DyûTeT+fñ, �~ d�eÖ+ÔásÁ ¿±+Ü¿ìsÁD²\qT H�_ó e<�Ý ¹¿+çB¿£]d�Tï+~.
� \¿£�D²�� Å£L&� $]$>± $�jîÖÐkÍïs. �<�V�²sÁDÅ£� MT ç>±eT+ýË� {ì.$ &�wt\qT
|�]o*+#á+&�.

MT #áT³Ö¼ |�]d�s�\ýË $$<ó� sÁ¿±\ eç¿£Ôáý²\qT,
�d�¿ìï¿£sÁyîT®q  |�s�esÁïH�\qT  #áÖ&�e#áTÌ. ¿±ú n�� eç¿£Ôáý²\T
|�Ú{²¿±sÁyîT®q$ ¿±eÚ. n+<�TýË #�ý² esÁÅ£� Å£�+uó²¿±sÁ+>±
�+{²sTT.

y�V�²H�\ »]jáTs Y eP« $TçsÁsYà µ MTÂs|�ð&î ÕH�
|�]o*+#�s�? y�{ìýË m³Te+{ì eç¿£Ôá\+ �+³T+~?

¿±sÁ¢ ¿ì{ì¿¡\ n<�Ý\�|Õ, yîqT¿£ n<�Ý+�|Õ @sÁÎ&�q
ç|�Ü_+u²\qT MTÂs|�ð&îÕH� |�]o*+#�s�? � n<�Ý\
�|�]Ôáý²\T mý² �+{²sTT? |�³+`16 #áÖ&�+&�.
Å£�+uó²¿±sÁ �|�]Ôáý²\Å£� d�+�+~ó+ºq ¿ìsÁDºçÔ�\qT
^jáT>·\eÖ?
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    · H�_óe<�Ý ed�TïeÚqT �+ºÔû ç|�Ü_+�+ @sÁÎ&�TÔáT+<�?

    · ¿ìsÁDºçÔ��� ^jáT+&�. ç|�jîÖ>·+ #ûd¾ #áÖ&�+&�.
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1.3   Ray Diagrams: (Image formation by convex mirror)

One can draw ray diagrams for a convex mirror too. The ‘easy’ rays

that we identified earlier can be used in this case with small modification.

Here there are three rules which describe these rays. The procedure for

drawing the diagram is similar and is not repeated here.

Rule 1: A ray parallel to the axis, on meeting the

convex mirror will get reflected so as to appear as if it

is coming from the focal point. See fig.-17.

Rule 2: This is

converse of Rule 1. A

ray travelling in the

direction of the focal point, after

reflection, will become parallel to the

axis. See fig.-18.

Rule 3:  A ray travelling in the direction of the

centre of curvature will, on reflection, travel in the

opposite direction and appears to be coming from the

centre of curvature. See fig.-19.

Now let us use these rules to show the formation

of images when the object is placed at different places infront of the convex

mirror (see fig.-20)

AB is the object placed at any point

on the principal axis infront of the

convex mirror.  Using Rule (1) and

Rule (3), we get an erected, diminished,

and virtual image between P and F on

the back side of the mirror.  This image

can not be caught on screen and visible

only in the mirror.  Hence this is a

virtual image. Verify this with an experiment.

Using these rules, draw ray diagrams to show formation of images

when an object is placed at different positions and note down your

conclusions. Verify your results experimentally.
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27 >ÃÞ²¿±sÁ <�sÁÎD²\ÔÃ ¿±+Ü |�s�esÁïq+$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

1.3   ¿ìsÁDºçÔ�\T: (Å£�+uó²¿±sÁ <�sÁÎD+ÔÃ ç|�Ü_+�+ @sÁÎ&û $<ó�q+)
Å£�+uó²¿±sÁ <�sÁÎD²�¿ì Å£L&� ¿ìsÁDºçÔ�\T ̂ jáTe#áTÌ. |�Ú{²¿±sÁ <�sÁÎD²�¿ì ¿ìsÁDºçÔ�\T

^d¾q|�ð&�T �|�jîÖÐ+ºq eTÖ&�T sÁ¿±\ ¿ìsÁD²\Hû �|�ð&�T Å£L&� $�jîÖÐ+#�*. ¿±ú
¿=~Ý eÖsÁTÎ\T #ûjáÖ*à �+³T+~. ^�d $<ó�q+ ÿ¿£fñ ¿±eÚq, Ü]Ð �¿£Ø&� $e]+#á&�+
ýñ<�T.

�jáTeT+`1: ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± eºÌ
<�s Á ÎD+ �| Õ | �Ô áqy îT ®q
¿ìsÁD+ |�s�esÁïq+ #î+<�¿£
H�_ó F qT+&� �jáT\T<û]
ed�T ïq�³T¢ ¿£�|¾d�Tï+~.
|�³+`17 #áÖ&�+&�.

�jáTeT+`2: �~ �jáTeT+`1¿ì $|�sÁ«jáT �jáTeT+. H�_ó ~XøýË
ç|�jáÖDìd�Tïq� ¿ìsÁD+ |�s�esÁïq+ #î+<�¿£ ç|�<ó�H�¿�±�¿ì
d�eÖ+ÔásÁ+>± yîÞø�ï+~. |�³+`18 #áÖ&�+&�.

�jáTeT+`3: eç¿£Ô� ¹¿+ç<�+ yîÕ|�Ú>± ç|�jáÖDìd�Tïq� ¿ìsÁD+
|�s�esÁïq+ #î+<�¿£ Ü]Ð n<û ~XøýË yîqT¿£Å£� ç|�jáÖDìd�Öï,
eç¿£Ô�¹¿+ç<�+ qT+&� �jáT\T<û] ed�Tïq�³T¢>± ¿£q�&�TÔáT+~.
|�³+`19 #áÖ&�+&�.

� �jáTeÖ\qT �|�jîÖÐ+º Å£�+u²¿±sÁ <�sÁÎD²�¿ì  m<�TsÁT>±  ÿ¿£  ed�TïeÚqT �
+ºq|�ð&�T ç|�Ü_+�+ @sÁÎ&û $<ó�H��� Ôî*jáTCñ�d ¿ìsÁD ºçÔ��� |�³+ ` 20ýË
|�]o*+#áe#áTÌ.

AB nHû ed�TïeÚqT Å£�+uó²¿±sÁ <�sÁÎD+ m<�TsÁT>±
ç|�<ó�H�¿£�+�|Õ ¿=+Ôá<�ÖsÁ+ýË �+º R

1
, R

3
  ¿ìsÁD²\qT

�|�jîÖÐ+º ¿ìsÁD ºçÔ��� Ð�dï P, F \ eT<ó�« AIBI

nHû ç|�Ü_+�+ B�� ç|�jîÖ>·+ #ûd¾ >·eT�+#á+&�.
ed�TïeÚ ¿£+fñ ºq�~>± �{²sÁT>± @sÁÎ&�&�+
>·eT�+#áe#áTÌ.  �~ <�sÁÎD²�¿ì yîqT¿£uó²>·+ýË
@sÁÎ&�q³T¢>± ¿£�|¾d�Tï+~. B�� ÔîsÁ�|Õ |�³¼ýñeTT.

B�� <�sÁÎD+ýË eÖçÔáyûT #áÖ&�>·\eTT. ¿±eÚq �~ $T<̧�« ç|�Ü_+�+.
n<û $<ó�+>± $$<ó� kÍ�H�\ýË ed�TïeÚqT �+ºq|�ð&�T @sÁÎ&û ç|�Ü_+� kÍ�H�\qT

>·T]ï+#û+<�TÅ£� ¿ìsÁDºçÔ�\qT ^jáT+&�. MT �s�ÆsÁD\qT qyîÖ<�T #ûjáT+&�. ç|�jîÖ>·+#ûd¾,
y�{ìÔÃ bþ*Ì#áÖ&�+&�.

C F

B

A

|�³+`20

F PC AI

BI

R
1

R
3

p
C F p

fig-17

|�³+`19

C F p

C F

|�³+`18

p
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fig-21

B

AC

AI

BI

Y

X

PIP F

|�³+`17

You may get the image at a particular distance when you place the object

at a certain distance. Do you find any relation between the object distance(u)

and the image distance(v)?

1.4   Derivation of mirror formula for  spherical  mirrors

Observe fig. 21.

The ray from the tip  (B) of the

object AB is emanating parallel to principle

axis and striking the mirror at X. This ray

passes through F after reflection.  Another

ray starting from B, passes through centre

of curvature (C) and strikes the mirror at Y.

This ray returns back in the same direction

after reflection.

There two rays XBI  and YBI  are meeting at BI . So BI  is the image of  B.  Hence

the image of AB is AIBI .

From the above fig. - 21.

DABC and DAIBIC   are similar triangles

AB AC

A B A C
=

I I I
..... (1)

Draw a line XPI   perpendicular to the principle axis.

Similar DPI XF and DAIBIF are similar triangles

P X P F

A B A F
=

I I

I I I
..... (2)

From the fig. - 21, we can say that  PI X = AB

AB P F

A B A F
=

I

I I I
..... (3)

from the equations (1), (3) we can write

AC P F

A C A F
=

I

I I
..... (4)

If the paraxial rays (rays which are travelling very near to principal axis) are

considered, we can say that PI  coincides with P
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MTsÁT ÿ¿±H=¿£ ç|�<ûXø+ýË ed�TïeÚqT+ºq|�ð&�T, � kÍ�H��¿ì nqT>·TD+>± ÿ¿£
�]Ýw�¼ kÍ�q+ýË ç|�Ü_+�+ @sÁÎ&�TÔáT+~. ed�TïeÚ <�ÖsÁ+ (u) ç|�Ü_+�<�ÖsÁ+ (v)\
eT<ó�« @<îÕH� d�+�+<ó��� MTsÁT >·T]ï+#�s�?

1.4   >ÃÞ²¿±sÁ<�sÁÎD²\Å£� d��+~ó+ºq <�sÁÎDd�ÖçÔá+ ` �Ô�Î<�q
|�³+`21qT |�]o*+#á+&�.

AB nHû ed�TïeÚ jîTT¿£Ø �|Õ _+<�TeÚ B qT+&�
�jáT\T<û] ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± ç|�jáÖDì+ºq
¿±+Ü ¿ìsÁD+ <�sÁÎD+�|Õ ‘X’ nHû _+<�TeÚ e<�Ý |�Ôáq+
#î+~ |�s�esÁïq+ Ôás�ÇÔá H�_ó (F) >·T+&� ç|�jáÖDìd�Tï+~.
B qT+&� �jáT\T <û]q eTs=¿£ ¿±+Ü¿ìsÁD+ eç¿£Ô� ¹¿+ç<�+
‘C’ >·T+&� ç|�jáÖDì+º <�sÁÎD+�|Õ ‘Y’ _+<�TeÚ e<�Ý |�Ôáq+
#î+~ |�s�esÁïq+ Ôás�ÇÔá Ü]Ð n<û eÖsÁZ+ýË yîqT¿£Å£�
ç|�jáÖDì+º+~.

� Âs+&�T |�s�esÁïq ¿ìsÁD²\T BI  e<�Ý ¿£\Td�TÅ£�H��sTT. ¿£qT¿£ B _+<�TeÚ
jîTT¿£Ø ç|�Ü_+�+ BI  e<�Ý @sÁÎ&�TÔáT+~. B�� �{ì¼ AB nHû ed�TïeÚ jîTT¿£Ø ç|�Ü_+�+
AIBI  n� #î|�Îe#áTÌ.

|�³+ýË� DABC  eT]jáTT DAIBIC    \T d�sÁÖ|� çÜuó�TC²\T. ¿±eÚq
        .... (1)

X qT+&� ç|�<ó�q  n¿£�+�|Õ¿ì XPI  nHû \+u²�� ^jáT+&�.

n|�ð&�T DPI  X  F , DAIBIF  \T d�sÁÖ|� çÜuó�TC²\T.
         .... (2)

|�{²�� |�]o*+º PI X = AB n� #î|�Îe#áTÌ.  B�� �|Õ d�MT¿£sÁD+ýË s�jáT>±
            ... (3)

(1), (3) d�MT¿£sÁD²\ qT+&�
            .... (4)

ç|�<ó�H�¿�±�¿ì nÜ<�>·ZsÁ>± ç|�jáÖDì+#û ¿ìsÁD²\qT (bÍs�¿ìàjáTýÙ ¿ìsÁD²\qT) eÖçÔáyûT
|�]>·DqýË¿ì rd�TÅ£�q�|�ð&�T PI  _+<�TeÚ P  ÔÃ @¿¡uó�$d�Tï+<�� uó²$+#áe#áTÌ.

AB        AC

 AI BI       AI C
=

 AI BI       AI F

 AI C      AI F

 PI X       PI F

 AI BI      AI F
=

 AB        PI F
=

 AC        PI F
=

|�³+`21

B

AC

AI

BI

Y

X

PIP F
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Then PIF = PF

AC PF

A C A F
=

I I ..... (5)

We can observe from fig. 21, that

AC = PA  - PC

AIC = PC  - PAI

AIF = PAI - PF

by substituting these in equation (5)

PA PC PF

PC PA PA PF

-
=

- -I I ..... (6)

we know that  PA = u, PC = R = 2f, PAI = v, PF = f

u  2f f

2f v v f

-
=

- -

(u - 2f) (v - f) = f(2f - v)

uv - uf - 2vf + 2f
2
 = 2f

2
 - vf

uv =   2f 
2
 - vf + uf + 2vf - 2f 

2

uv =   uf + vf ..... (7)

Divide equation (7) with uvf

uv uf vf

uvf uvf uvf
= +

1 1 1

f v u
Þ = +

The relation is 
1 1 1

f v u
= +   which is known as mirror formula. While using this

formula, we have to use sign convension in every situation.

1.5    Sign convention for the parameters related to the mirror equation

1. All distances should be measured from the pole.

2. The distances measured in the direction of incident light, to be taken

positive and those measured in the direction opposite to incident light to

be taken negative.

3. Height of object (h
o
) and height of image (h

i
) are positive if measured

upwards from the axis and negative if measured downwards.
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P C- PAI         PAI - PF

 AC        PF

 AI C      AI F
=

 P A-PC               PF
=

n|�ð&�T PIF = PF >± s�jáTe#áTÌqT.  � $\TeqT d�MT¿£sÁD+ (4) ýË s�jáT>±

        .... (5)

|�{²�� |�]o*�dï ....

AC = PA  - PC

AIC = PC  - PAI

AIF = PAI - PF n� Ôî\Td�Tï+~.

� $\TeqT d�MT¿£sÁD+ (5) ýË ç|�Ü¹¿�|¾�dï

                         .... (6)

 PA = u,  PC = R = 2f,  PAI = v,  PF = f   n� eTqÅ£� Ôî\Td�T. � $\TeqT
d�MT¿£sÁD+ (6) ýË s�jáT>±

(u - 2f) (v - f) = f(2f - v)

uv - uf - 2vf + 2f
2
 = 2f

2
 - vf

uv =   2f 
2
 - vf + uf + 2vf - 2f 

2

uv =   uf + vf .... (7)

�|Õ d�MT¿£sÁD²�� �sÁTyîÕ|�Úý² uvf  #û uó²Ð+#á>±

uv uf vf

uvf uvf uvf
= +

1 1 1

f v u
Þ = +

1 1 1

f v u
= + qT <�sÁÎD d�ÖçÔá+ n+{²eTT.  B�� $�jîÖÐ+#û ç|�r d�+<�sÁÒÛ+ýË

n+<�TýË� $\Te\qT d�ÂsÕq >·TsÁTï\ÔÃ (<ó�q, �TTD+) y�&û+<�TÅ£� >±qT ¿ì+<�
Ôî*jáT|�sÁºq d�+C²ã kÍ+ç|�<�jáÖ�� (Sign convention) bÍ{ì+#�*.

1.5   <�sÁÎD d�ÖçÔá+ýË� $$<ó� n+Xæ\Å£� bÍ{ì+#áe\d¾q d�+C²ã kÍ+ç|�<�jáT+
1. n�� <�Ös�\qT <�sÁÎD<��e+ (P) qT+&û ¿=\y�*.
2. |�Ôáq¿±+Ü ç|�jáÖDì+ºq ~XøýË ¿=*ºq <�Ös�\qT <ó�H�Ôá�¿£+>±qT, |�Ôáq¿±+Ü

ç|�jáÖD~XøÅ£� e«Ü¹s¿£ ~XøýË ¿=*ºq <�Ös�\qT �TTD²Ôá�¿£+>±qT
|�]>·Dì+#�*.

3. ed�TïeÚ mÔáTï  (h
O
), ç|�Ü_+�+ mÔáTï  (h

i
) \qT ç|�<ó�H�¿�±�¿ì �|ÕyîÕ|�Ú �q�|�ð&�T

<ó �H�Ôá�¿£+>±qT, ç|�<ó�H�¿�±�¿ì ¿ì+~yîÕ|�Ú �q�|�ð&�T �TTD²Ôá�¿£+>±qT
|�]>·Dì+#�*.
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Now let us understand magnification, i.e. the relation between the size of

the object and the size of the image.

1.6   Magnification (m)

The image formed by a spherical mirror varies in size, here we discuss

the variation in height only.

Observe fig. 22.

A ray coming from OI is incident at pole

with an angle of incidence q, and get reflected

with same angle q.

From fig. 22 we can say that  DPOOI  and

DPIII

are similar triangles. So

|

|

II

OO
 = 

PI

PO
................(1)

according to sign convention

PO =  –u; PI =  –v;    OO|  =  h
0
;    II|  = –h

i

Substuting the above values in equation (1).

i

o

h v

h u

- -
=

-    
i

o

h v

h u
Þ =-

\ Magnification m =
i

o

h v

h u
= -

We define the magnification, m = 
i

0

height of image(h )

height of object (h )

In all cases it can be shown that

m = –
image distance (v)

object distance (u)

Calculate the magnifications with the information you have in table-2,

for all the five cases.

Example

An object 4cm in size, is placed at 25cm infront of a concave mirror of

focal length 15cm. At what distance from the mirror whould a

screen be placed in order to obtain a sharp image?Find the

nature and the size of the image.

Solution

Accordint to sign convention:

focal length   (f) = –15cm

q
q

)
)

I

II

O

OI

F C

fig-22

F C

OI

OP

fig-23
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ed�Tï|�]eÖD+, ç|�Ü_+�|�]eÖD²\ eT<ó�« d�+�+<ó��� Ôî*jáTCñ�d »�esÁÆq+µ
(magnification) >·T]+º  �|�ð&�T Ôî\Td�TÅ£�+<�+.
1.6 �esÁÆq+ (magnification)

 >ÃÞ²¿±sÁ <�sÁÎD+ e\q @sÁÎ&�q ç|�Ü_+� |�]eÖD+ eÖsÁTÔáT+~.�¿£Ø&� bõ&�eÚýË
¿£*¹> eÖsÁTÎqT eÖçÔáyûT #á]Ìd�TïH��+.

|�³+`22qT |�]o*+#á+&�.
OI  qT+&� �jáT\T<û]q ¿ìsÁD+ P e<�Ý q ¿ÃD+ÔÃ |�ÔáqyîT®
n+Ôû¿ÃD+ÔÃ |�s�esÁïq+ #î+~+~.
|�{²�� |�]o*+º
DPOOI , DPIII  \T d�sÁÖ|� çÜuó�TC²\T n� #î|�Îe#áTÌ.

¿±eÚq   

|

|

II

OO
 = 

PI

PO
  ........(1)

d�+C²ãkÍ+ç|�<�jáT+ ç|�¿±sÁ+
PO = – u ; PI = – v ; OOI =  h

0
 ; III = – h

i

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

o

h v

h u

- -
=

-    
i

o

h v

h u
Þ =-

\�esÁÆq+  i

o

h v
m

h u
= = -

�esÁÆH��� � $<ó�+>± �sÁÇº+#áe#áTÌ. 
(h )

m =
(h )0

iç|Ü� _+� mÔáTï

ed�Teï Ú mÔáTï
n�� d�+<�s�ÒÛ\ýËqÖ �esÁÆH��� ed�Tï<�ÖsÁ+, ç|�Ü_+� <�Ös�\ eT<ó�« d�+�+<ó�+>±

Å£L&� e«¿£ï|�sÁTkÍï+. 
(v)

m =
(u)

-
ç|Ü� _+� <Ö� sÁ+

ed�Tï <Ö� sÁ+

|�{ì¼¿£̀ 2ýË qyîÖ<�T #ûd¾q ×<�T d�+<�s�ÒÛ\ $\Te\ÔÃ �esÁÆH�\qT ýÉ¿£Ø>·³¼+&�.
n�� d�+<�s�ÒÛ\ýË $\Te\qT d�+C²ãkÍ+ç|�<�jáÖ�¿ì nqT>·TD+>± $�jîÖÐ+#á+&�.
�<�V�²sÁD :    15 �d+.MT. H�uó²«+ÔásÁ+ >·\ |�Ú{²¿±sÁ<�sÁÎD+ eTT+<�T 25 �d+.MT.
<�ÖsÁ+ýË 4 �d+.MT. mÔáTï>·\ ed�TïeÚqT �+#�+.
<�sÁÎD²�¿ì m+Ôá <�ÖsÁ+ýË ç|�Ü_+�+ @sÁÎ&�TÔáT+~?
ç|�Ü_+� \¿£�D²\qT Ôî\|�+&�.

kÍ<ó�q : d�+C²ãkÍ+ç|�<�jáT+ ç|�¿±sÁ+;

<�sÁÎDH�uó�«+ÔásÁ+ f = ̀ 15 �d+.MT.

ed�Tï<�ÖsÁ+ u = `25 �d+.MT.

|�³+`22

q
q

)
)

I

II

O

OI

F C

F C

OI

OP

|�³+` E
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object height (h
o
) = +4cm

image distance (v) = ?

image height (h
i
) = ?

Substitute the above values in the equation

1

f

æ ö
ç ÷
è ø

=
1 1

u v

æ ö æ ö+ç ÷ ç ÷
è ø è ø

1 1 1

15 v 25

æ ö = +ç ÷- -è ø
   _ 

1 1 1

v 2 5 1 5

æ ö= -ç ÷
è ø

1 2

v 75

-
=

_ v = –37.5cm

So the screen should be placed at 37.5cm from the pole of the mirror.

The image is real.

magnification m = 
i

o

h v

h u
= -

by substituting the above values
ih ( 37.5)

4 ( 25)

-
= -

-

i

(37.5 4)
h

(25)

´
= -

h
i
 = –6cm

So, the image is inverted and enlarged.

We have learnt the phenomenon of reflection of light by curved mirrors.

Let us make use of it in our daily life.

1.7   Making of solar cooker

You might have heard the story of Archimedes burning ships using mirrors.

Can we at least heat up a vessel using a mirror?

Let us try:

We have already learnt that a concave mirror

focuses parallel sun rays at the focal point of the

mirror. So with a small concave mirror we can

heat up and burn paper as shown in the fig.-23.

(Try this with convex mirror also. What do you

observe?)

CP

F

fig-23
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ed�TïeÚ mÔáTï h
o
 = +4 �d+.MT.

ç|�Ü_+�<�ÖsÁ+ v = ?

ç|�Ü_+�+mÔáTï h
i
 = ?

�|Õ $\Te\qT  
1

f

æ ö
ç ÷
è ø

1 1

u v

æ ö æ ö= +ç ÷ ç ÷
è ø è ø

 d�MT¿£sÁD+ýË ç|�Ü¹¿�|¾+#á>±

1 1 1

15 v 25

æ ö = +ç ÷- -è ø
  _ 

1 1 1

v 2 5 1 5

æ ö= -ç ÷
è ø

1 2

v 75

-
=

_ v = –37.5 �d+.MT.
¿±eÚq, <�sÁÎD²�¿ì eTT+<�T 37.5 �d+.MT. <�ÖsÁ+ýË ç|�Ü_+�+ @sÁÎ&�TÔáT+~.

�~ �Èç|�Ü_+�+.

�esÁÆq+ m = 
i

o

h v

h u
= -

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

ih ( 37.5)

4 ( 25)

-
= -

-

i

(37.5 4)
h

(25)

´
= -

ih = –6 �d+.MT
¿±eÚq, ç|�Ü_+�+ Ôá\ç¿ì+<�T\T>± @sÁÎ&�TÔáT+~.
ed�TïeÚ ¿£+fñ �|<�Ý>± �+³T+~.
�|�Î{ìesÁÅ£� eTq+ eç¿£Ôáý²\�|Õ ¿±+Ü |�s�esÁïq+ >·T]+º Ôî\Td�TÅ£�H��+. �

C²ãH��� eTq �Ôá«J$Ôá+ýË $�jîÖÐ+#áTÅ£�Hû ç|�jáTÔá�+ #û<�Ý+.

1.7   kþý²sY Å£�¿£ØsY ÔájáÖ¯
»�]ØyîT&�dtµ nHû Xæçd�ïyûÔáï n<�Ý\qT �|�jîÖÐ+º XøçÔáTeÚ\ z&�\qT Ôá>·T\uÉ³¼>·*>±&�T

nHû ¿£<�̧ >·T]+º MTsÁT $Hû �+{²sÁT.
eT] eTq+ <�sÁÎD²\qT �|�jîÖÐ+º ¿£úd�+ ÿ¿£

bÍçÔáqT yû&�#ûjáT>·\eÖ? ç|�jáTÜ�<�Ý+.
|�Ú{²¿±sÁ <�sÁÎD+ d�eÖ+ÔásÁ d�ÖsÁ«¿ìsÁD²\qT

H�_óe<� Ý ¹¿+ çB¿£]d� T ï+< �� eTq+ �~esÁ ¹¿
Ôî\Td�TÅ£�H��+. ¿±�{ì¼ |�³+`23ýË #áÖ|¾q$<ó�+>±
|�Ú{²¿±sÁ <�sÁÎD+ÔÃ ÿ¿£ ºq� ¿±ÐÔá+ eTT¿£ØqT
eT+&�+#áe#áTÌ. (�ý²¹> Å£�+uó²¿±sÁ <�sÁÎD+ÔÃ Å£L&�
ç|�jáTÜ�+#á+&�. @+ >·eT�+#�sÁT?)

CP

F

|�³+`23
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In the same way make a big concave mirror to heat up a vessel.

You might have observed the TV dish antenna. Make

a wooden/ iron frame in the shape of TV dish. Cut acrylic

mirror sheets in to 8 or 12 pieces in the shape of

isosceles triangles with a height equal to the radius of

your dish antenna. The bases of 8 or 12 triangles together

make the circumference of the dish. Stick the triangle

mirrors to the dish as shown in fig.-24. Your solar heater/

cooker is ready.

Arrange it so that concave part faces sun. Find its

focal point and place a vessel at that point. The vessel

gets heated enough to cook rice.

In practical applications (like in car-headlights),

concave mirrors are of parabolic shape (see fig. 25)

Key words

centre of curvature, radius of curvature, principal axis, pole,  focus/focal

point, focal length, object distance, image distance, virtual image, real

image, magnification

· Normal to the curved surface at a point on it is the line joining the centre of curvature and that

point.

· Mirror formula:  
1

f

æ ö
ç ÷
è ø

=
1

v

æ ö
ç ÷
è ø

+ 
1

u

æ ö
ç ÷
è ø

· Magnification m = 
size of the image

size of the object

æ ö
ç ÷
è ø

 =
i

o

h

h

æ ö
ç ÷
è ø

         (or)

m = – 
image distance

object distance

æ ö
ç ÷
è ø

= 
v

u

æ ö-ç ÷
è ø

fig-24

fig-25

FP

What we have learnt
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37 >ÃÞ²¿±sÁ <�sÁÎD²\ÔÃ ¿±+Ü |�s�esÁïq+$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

�<û$<ó�+>± bÍçÔáqT yû&� #ûjáT&��¿ì ÿ¿£ �|<�Ý |�Ú{²¿±sÁ <�sÁÎD²�� ÔájáÖsÁT #ûjáT+&�.

MTsÁT {ì.$ &�wt jáÖ+fÉH��\qT #áÖd¾ �+{²sÁT ¿£<�! ¿£çsÁ ýñ<�
�qT|��<�Ý\ÔÃ {ì.$ &�wt �¿±sÁ+ýË »ç�|�y�Tµ ÔájáÖsÁT #ûjáT+&�. »�ç¿£*¿ù
n<�Ý+ wÓ{ÙµqT �d¿£]+º MT &�wt jîTT¿£Ø y�«kÍs�Æ�¿ì d�eÖqyîT®q »mÔáTïµ
�+&û$<ó�+>± �ç¿£*¿ù n<�Ý\qT 8 ýñ<� 12 d�eT~Çu²V�Q çÜuó�TC²\T>±
¿£Üï]+#á+&�. (� d�eT~Çu²V�Q çÜuó�TC²\ uó�ÖeTT\ yîTTÔáï+ bõ&�eÚ
MT &�wt |�]~ó¿ì d�eÖq+>± �+&�*.) |�³+`24ýË #áÖ|¾q $<ó�+>±
çÜuó�TC²¿±sÁ n<�Ý\qT MT &�wt ç�|�y�T�|Õ n+{ì+#á+&�.  MT kþý²sY
Å£�¿£ØsY ÔájáÖÂsÕ+~.

B�� d�ÖsÁT«�¿ì n_óeTTK+>± �+º, <�� H�_ó� ¿£qT>=q+&�.
� H�_ó e<�Ý bÍçÔáqT �+ºÔû n~ yû&îÅ£�ØÔáT+~. � bÍçÔáýË MTsÁT
nq�+ e+&�e#áTÌ.

¿±sÁT �V²&�ýÉÕ{Ùà e+{ì $$<ó� |�]¿£s�\ýË |�³+`25ýË #áÖ|¾q
$<ó�+>± |�Ú{²¿±sÁ<�sÁÎD²\qT |�s�e\jáT �¿±sÁ+ýË neTsÁTÌÔ�sÁT.

· <�sÁÎD+ �|ÕqTq� @<û� _+<�TeÚ qT+&� eç¿£Ô� ¹¿+ç<��� ¿£*�| $<ó�+>± ^d¾q ¹sK � _+<�TeÚ e<�Ý <�sÁÎD²�¿ì
\+u²�� d�Öºd�Tï+~.

· <�sÁÎD d�ÖçÔá+:
1

f

æ ö
ç ÷
è ø

R 
1

v

æ ö
ç ÷
è ø

G 
1

u

æ ö
ç ÷
è ø

· �esÁÆq+: m = = 
0

ih

h

æ ö
ç ÷
è ø

ýñ<�

m =`
æ ö
ç ÷
è ø

æ ö
ç ÷
è ø

= 
v

u

æ ö-ç ÷
è ø

|�³+`24

FP

|�³+`25

 ç|�Ü_+� |�]eÖD+ (mÔáTï)
ed�Tï |�]eÖD+ (mÔáTï)

 ç|�Ü_+� <�ÖsÁ+
ed�Tï<�ÖsÁ+

¿¡\¿£ |�<�\T

eç¿£Ô�¹¿+ç<�+, eç¿£Ô�y�«kÍsÁÆ+, ç|�<ó�H�¿£�+, <�sÁÎD<��e+, H�_ó, H�uó²«+ÔásÁ+, ed�Tï<�ÖsÁ+,
ç|�Ü_+�<�ÖsÁ+, $T<ó�«ç|�Ü_+�+, �Èç|�Ü_+�+, �esÁÆq+.

eTq+ @+ HûsÁTÌÅ£�H��+?
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· The image formed by actual intersection of reflection rays is called real image.  This can be

caught on screen.

· The image formed by controlled rays of reflection is called virtual image.  It can not be caught

on screen.

I. Reflections on concepts

1. Where will the image be formed when we place an object on the principal

axis of a concave mirror at a point between focus and centre of

curvature?(AS
1
)

2. State the differences between convex and concave mirrors? (AS
1
)

3. Distinguish between real and virtual images. (AS
1
)

4. How do you get a virtual image using a concave mirror?  (AS
1
)

5. What do you know about the terms given below related to spherical mirrors? (AS
1
)

a) Pole b) Centre of curvature c) Focus

d) Radius of curvature e) Focal length f) Principal axis

g)  Object distance h) Image distance i) Magnification

6. What do you infer from the experiment which you did to measure the object distance and

image distance? (AS
3
)

II. Application of concepts

1. Find the distance of the image when an object is placed on the principal axis at a distance

of 10 cm infront of a concave mirror whose radius of curvature is 8 cm. (AS
1
)

2. The magnification product by a mirror is +1.  What does it mean?(AS
1
)

Improve your learning

Position of the

candle (object)

Enlarged?/

diminished?

Inverted or

erect
Position of
the image

Between mirror & F Behind the mirror Enlarged Erect Virtual

On focal point At infinity       -       -      -

Between F and C Beyond C Enlarged Inverted Real

On centre of curvature At  C Same size Inverted Real

Beyond C Between F and C Diminished Inverted Real

At infinity At focus point - Real

Real or

virtual
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· |�s�esÁïq ¿ìsÁD²\T K+&�+#áTÅ£�q� ç|�<ûXø+ýË @sÁÎ&�q ç|�Ü_+u²�� �È ç|�Ü_+�+ n+{²+. B�� ÔîsÁ�|Õ
|�³¼e#áTÌ.

· |�s�esÁïq ¿ìsÁD²\qT yîqT¿£Å£� bõ&�Ð+ºq|�ð&�T @sÁÎ&�q ç|�Ü_+u²�� $T<¸�« ç|�Ü_+�+ n+{²+. B�� ÔîsÁ�|Õ
|�³¼ýñeTT.

I.    uó²eq\�|Õ ç|�Üd�Î+<�q\T:
1.   |�Ú{²¿±sÁ <�sÁÎD+ jîTT¿£Ø ç|�<ó�H�¿£�+�|Õ H�_ó, eç¿£Ô�¹¿+ç<�+ eT<ó�« ÿ¿£ ed�TïeÚqT

�+ºÔû ç|�Ü_+�+ m¿£Ø&� @sÁÎ&�TÔáT+~? (AS
1
)

2.   |�Ú{²¿±sÁ, Å£�+uó²¿±sÁ <�sÁÎD²\ eT<ó�« uóñ<�\qT Ôî\|�+&�. (AS
1
)

3.   �È ç|�Ü_+�+, $T<¸�« ç|�Ü_+�+ eT<ó�« uóñ<�\qT Ôî\Î+&�. (AS
1
)

4.   |�Ú{²¿±sÁ <�sÁÎD+ÔÃ $T<¸�« ç|�Ü_+u²�� mý² @sÁÎsÁTkÍïsÁT? (AS
1
)

5.   >ÃÞ²¿±sÁ <�sÁÎD²\Å£� d�+�+~ó+ºq, ¿ì+<� �eÇ�&�q |�<�\qT $e]+#á+&�.(AS
1
)

     (m) <�sÁÎD<��e+ _)   eç¿£Ô�¹¿+ç<�+   (d¾) H�_ó (&�) eç¿£Ô� y�«kÍsÁ�+
     (�) H�uó�«+ÔásÁ+ (m|�t) ç|�<ó�H�¿£�+      (�) ed�Tï<�ÖsÁ+ (�V²#Y) ç|�Ü_+� <�ÖsÁ+ (×) �esÁÆq+

6. ed�Tï<�ÖsÁ+, ç|�Ü_+�<�ÖsÁ+ ¿=*ºq³Te+{ì |�Ú{²¿±sÁ <�sÁÎD+ ç|�jîÖ>·+ <�Çs� MTsÁT @+
�s�Ý]+#�sÁT?(AS

3
)

II.   uó²eq\ nqTesÁïH�\T

1. 8 �d+.MT. eç¿£Ô�y�«kÍsÁÆ+ >·\ |�Ú{²¿±sÁ <�sÁÎD+ jîTT¿£Ø ç|�<ó�H�¿£�+�|Õ <�sÁÎD+ qT+&� 10 �d+.MT.
<�ÖsÁ+ýË ÿ¿£ ed�TïeÚqT �+ºÔû ç|�Ü_+�+ m+Ôá<�ÖsÁ+ýË @sÁÎ&�TÔáT+~? (AS

1
)

2. ÿ¿£ <�sÁÎD �esÁÆq+ G1 n� �eÇ�&�+~. B�� �{ì¼ MTsÁT @+ç>·V¾²+#�sÁT? (AS
1
)

<�sÁÎD+, H�_ó eT<ó�«

H�_ó e<�Ý

H�_ó, eç¿£Ô�¹¿+ç<�+ eT<ó�«

eç¿£Ô� ¹¿+ç<�+ e<�Ý

eç¿£Ô�¹¿+ç<��¿ì �e\
  nq+Ôá<�ÖsÁ+ýË

�|<�Ý~
  `
�|<�Ý~
d�eÖq

|�]eÖD+

<�sÁÎD+ yîqT¿£
nq+Ôá<�ÖsÁ+ýË

eç¿£Ô�¹¿+ç<�+ �e\

eç¿£Ô�¹¿+ç<�+ e<�Ý

H�_ó, eç¿£Ô�¹¿+ç<�+ eT<ó�«
H�_ó e<�Ý

�{²sÁT ç|�Ü_+�+

       `

Ôá\ç¿ì+<�T\ ç|�Ü_+�+

Ôá\ç¿ì+<�T\ ç|�Ü_+�+

Ôá\ç¿ì+<�T\ ç|�Ü_+�+

`

$T<̧�« ç|�Ü_+�+

      `

�È ç|�Ü_+�+

�È ç|�Ü_+�+

�È ç|�Ü_+�+

�È ç|�Ü_+�+
ºq�~

_+<�T sÁÖ|�+

¿=y=ÇÜï kÍ�q+
(ed�TïeÚ kÍ�q+)

ç|�Ü_+�
kÍ�q+

ed�TïeÚ ¿£H��
�|<�Ý<�/
ºq�<�?

�{²sÁT ç|�Ü_+�eÖ/
Ôá\ç¿ì+<�T\

ç|�Ü_+�eÖ?
�È ç|�Ü_+�eÖ /
$T<¸�« ç|�Ü_+�eÖ

nuó�«d�H��� yîTsÁT>·T|�sÁ#áTÅ£�+<�+
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Multiple choice questions

3. If the spherical mirrors were not known to human beings, guess the consequences.(AS
2
)

4. Draw suitable rays by which we can guess the position of image formed by a concave

mirror? (AS
5
)

5. Show the formation of image with a ray diagram when an object is placed on the principal

axis of a concave mirror away from the centre of curvature?  (AS
5
)

6. Why do prefer a convex mirror as a rear-view mirror in the vehicles? (AS
7
)

III.  Higher Order Thinking Questions

1. A convex mirror with a radius of curvature of 3 m is used as rear view mirror for a vehicle.

If a bus is located at 5 m from this mirror, find the position, nature and size of the image?

(AS
7
)

2. To form the image on the object itself, how should we place the object infront of a concave

mirror? Explain with a ray diagram? (AS
5
)

1. If an object is placed at C on the principal axis in front of a concave mirror, the position of the

image is [ ]

a) at infinity b) between Focus and Centre of curvature

c)  at Centre of curvature d) beyond Centre of curvature

2. We get a diminished image with a concave mirror when the object is placed [ ]

a)  at Focus b) between the pole and Focus

c) at Centre of curvature d) beyond Centre of curvature

3. We get a virtual image in a concave mirror when the object is placed [ ]

a)  at Focus b) between the pole and Focus

c) at Centre of curvature d) beyond Centre of curvature

4. Which of the following represents  magnification ‘m’ for the case of mirrors?

i) 
v

u
ii) 

v

u

-
iii)  

0

ih

h
iv)  

0

i

h

h
[ ]

a)  (i) & (ii) b) (ii) & (iii) c) (iii) & (iv) d) (iv) & (i)

5. Ray which seems to be travelling through the focus of a convex mirror, path of the reflected ray

of an incident [ ]

a) parallel to the axis b) along the same path in opposite direction

c) through Focus d) through Centre of curvature
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3. >ÃÞ²¿±sÁ <�sÁÎD²\T ýñ¿£bþÔû <îÕq+~q J$Ôá+ mý² �+³T+<Ã }V¾²+#á+&�. (AS
2
)

4. |�Ú{²¿±sÁ <�sÁÎD+ e\q @sÁÎ&û ç|�Ü_+� kÍ�H��� >·T]ï+#á&��¿ì ned�sÁeTjûT« ¿±+Ü ¿ìsÁD²\qT ̂ jáT+&�.(AS
5
)

5. |�Ú{²¿±sÁ <�sÁÎD+ jîTT¿£Ø ç|�<ó�H�¿�±+�|Õ eç¿£Ô�¹¿+ç<��¿ì �e\ ed�TïeÚqT �+ºq|�ð&�T ç|�Ü_+�+ @sÁÎ&û
$<ó�H��� $e]+#û |�³+ ^jáT+&�. (AS

5
)

6. y�V�²H�\ »]jáTsY eP« $TçsÁsYàµ >± Å£�+uó²¿±sÁ<�sÁÎD²\Hû m+<�TÅ£� y�&�Ô�+? (AS
7
)

III.  �ýË#áH�Ôá�¿£ ç|�Xø�\T

1. 3 MT. eç¿£Ô�y�«kÍsÁ�+ >·\ Å£�+uó²¿±sÁ<�sÁÎD²�� ÿ¿£ y�V�²H��¿ì ]jáTsY eP« $TçsÁsY>± �|�jîÖÐ+#�sÁT. �
<�sÁÎD²�¿ì 5 MT. <�ÖsÁ+ýË ÿ¿£ �dt �+fñ, n|�ð&�T @sÁÎ&û ç|�Ü_+�kÍ�H���, |�]eÖD²�� ýÉ¿ìØ+#á+&�. �
ç|�Ü_+�+ �{²sÁTç|�Ü_+�eÖ, Ôá\ç¿ì+<�T\ ç|�Ü_+�eÖ Ôî\Î+&�.  (AS

7
)

2. ed�TïeÚ �|ÕHû ç|�Ü_+�+ @sÁÎ&�\+fñ |�Ú{²¿±sÁ <�sÁÎD+ eTT+<�T ed�TïeÚqT mý² �+#�*? |�³+ ̂ d¾ $e]+#á+&�?
(AS

5
)

1. |�Ú{²¿±sÁ<�sÁÎD ç|�<ó�H�¿£�+�|Õ C e<�Ý ed�TïeÚqT+ºq|�Ú&�T ç|�Ü_+�+ ____ e<�Ý @sÁÎ&�TÔáT+~. [             ]

m) nq+Ôá<�ÖsÁ+ _) H�_ó, eç¿£Ô�¹¿+ç<�+ eT<ó�«
d¾) eç¿£Ô�¹¿+ç<�+ &�) eç¿£Ô�¹¿+ç<�+ �e\

2. @ ed�Tï kÍ�q+ýË |�Ú{²¿±sÁ<�sÁÎD+ÔÃ @sÁÎ&û ç|�Ü_+� |�]eÖD+ ed�Tï |�]eÖD+ ¿£+fñ ÔáÅ£�Øe>± �+³T+~.
@~? [             ]

m) <�sÁÎD H�_óe<�Ý _) <�sÁÎD<��y��¿ì, H�_ó¿ì eT<ó�«
d¾) eç¿£Ô�¹¿+ç<�+ e<�Ý &�) eç¿£Ô�¹¿+ç<��¿ì �e\

3. |�Ú{²¿±sÁ<�sÁÎD+ÔÃ $T<¸�«ç|�Ü_+u²�� ed�TïeÚqT @ kÍ�q+ýË �+ºq bõ+<�>·\+? [             ]

m) <�sÁÎD H�_óe<�Ý _) <�sÁÎD <��y��¿ì, H�_ó¿ì eT<ó�«
d¾) eç¿£Ô�¹¿+ç<�+ e<�Ý &�) eç¿£Ô�¹¿+ç<��¿ì �e\

4. <�sÁÎD²\ $w�jáT+ýË ç¿ì+~y�{ìýË �esÁ�H��� d�Öº+#áTq~

i) 
v

u
     ii) 

v

u
-    iii) i

o

h

h
     iv) o

i

h

h
  [             ]

m)  (i) & (ii)  _) (ii) & (iii)   d¾) (iii) & (iv)         &�) (iv) & (i)

5. Å£�+uó²¿±sÁ<�sÁÎDH�_ó ~XøýË ç|�jáÖDìd�Öï, <�sÁÎD+�|Õ |�&�q ¿±+Ü¿ìsÁD+ |�s�esÁïq+
#î+<�¿£ __ [             ]

m) ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± yîÞø�ï+~ _) n<û ~XøýË yîqT¿£Å£� yîÞø�ï+~
d¾) F >·T+&� yîÞø�ï+~  &�) C >·T+&� yîÞø�ï+~

d�ÂsÕq d�eÖ<ó�H��� mqT�¿Ã+&�

S
C
E
R
T, T

E
LA

N
G
A
N
A



Reflection of light at curved surfacesGovernment’s Gift for Students’ Progress 42

6. Size of image formed by a convex mirror is always [ ]

a) enlarged than object size

b) diminished than object size

c) equal to the size of object

d) depends on position of object

7. An object is placed at a certain distance on the principal axis of a concave mirror.  The image is

formed at a distance of 30 cm from the mirror. Find the object distance if radius of curvature

R = 15 cm [ ]

a) 15 cm b) 10 cm c) 30 cm d) 7.5 cm

8. All the distances related to spherical mirrors will be measured from [ ]

a)  object b)  focus c)  pole d)  image

9. The minimum distance froma  real object to a real image is a concave mirror [ ]

a)  2f b)  f c)  0 d)  f/2

              Suggested Experiments

1. Conduct an experiment to find the focal length of concave mirror.

2. Find the nature and position of images, when an object is placed at different places on the

principal axis of a concave mirror.

              Suggested Project Works

1. Collect information about the history of spherical mirrors in human civilization, write a report

on it.

2. Think about the objects which acts as concave or convex mirrors in your surroundings?

Make a table of these objects and display in your classroom.

3. Collect photographs from your daily life where you use convex and concave mirrors and

display in your class room.
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6. Å£�+uó²¿±sÁ <�sÁÎD+ýË @sÁÎ&û ç|�Ü_+� |�]eÖD+ m\¢|�ð&�Ö [             ]

m) ed�TïeÚ |�]eÖD+ ¿£H�� mÅ£�Øe>± �+³T+~

_) ed�Tï |�]eÖD+ ¿£H�� ÔáÅ£�Øe>± �+³T+~

d¾) ed�Tï |�]eÖD+ÔÃ d�eÖq |�]eÖD+ ¿£*Ð �+³T+~

&�) ed�Tï kÍ�H��� �{ì¼ eÖsÁTÔáT+~.

7. 15 �d+.MT. eç¿£Ô� y�«kÍsÁ�+ >·\ |�Ú{²¿±sÁ <�sÁÎD+ ç|�<ó�H�¿£�+�|Õ ¿=+Ôá <�ÖsÁ+ýË

ÿ¿£ ed�TïeÚqT �+#�eTT.  n|�ð&�T ç|�Ü_+�+ <�sÁÎD+ qT+&� 30 �d+.MT. <�ÖsÁ+ýË

@sÁÎ&�Ôû ed�Tï<�ÖsÁ+ m+Ôá? [             ]

m) 15 �d+.MT. _) 10 �d+.MT d¾) 30 �d+.MT. &�) 7.5 �d+.MT.

8. >ÃÞ²¿±sÁ <�sÁÎD+ýË ¿=*#û <�Ös�\��+{ì� ..... qT+&� ¿=\TkÍïsÁT. [             ]

m) ed�TïeÚ _) <�sÁÎD H�_ó d¾) <�sÁÎD <ó��e+ &�) ç|�Ü_+�+

9. |�Ú{²¿±sÁ <�sÁÎD+ýË �Èed�TïeÚ¿ì, �È ç|�Ü_+u²�¿ì eT<ó�«>·\ ¿£�w�÷ <�ÖsÁ+  [             ]

m) 2f  _) f d¾) 0   &�) f/2

      ç|�jîÖ>±\T

1. |�Ú{²¿±sÁ <�sÁÎD H�uó²«+Ôás��� ç|�jîÖ>· |�PsÁÇ¿£+>± ¿£qT>=q+&�.

2. ç|�<ó�H�¿£�+�|Õ ed�TïeÚqT $$<ó� ç|�<ûXæ\ýË �+ºq|�ð&�T |�Ú{²¿±sÁ <�sÁÎD+ e\q @sÁÎ&û ç|�Ü_+� \¿£�D²\qT
ç|�jîÖ>·|�PsÁÇ¿£+>± ¿£qT>=q+&�.

          çbÍCÉÅ£�¼\T

1. eÖqe H�>·]¿£ÔáýË >ÃÞ²¿±sÁ <�sÁÎD²\ bÍçÔá >·T]+º d�eÖ#�s��� �d¿£]+º ÿ¿£ �yû~¿£ ÔájáÖsÁT
#ûjáT+&�.

2. MT |�]d�s�\ýË �q� $$<ó� ed�TïeÚ\ýË Å£�+uó²¿±sÁ, |�Ú{²¿±sÁ<�sÁÎD²\T>± |��#û�d y�{ì� |�{ì¼¿£ sÁÖbõ+~+º
MT ÔásÁ>·Ü >·~ýË ç|�<�]ô+#á+&�.

3. �Ôá«J$Ôá+ýË >ÃÞ²¿±sÁ <�sÁÎD²\qT $�jîÖÐ+#û $$<ó� d�+<�s�ÒÛ\Å£� d�+�+~ó+ºq b�þ{Ë\qT �d¿£]+º
ÔásÁ>·Ü >·~ýË ç|�<�]ô+#á+&�.
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We had discussed in the previous classes on different changes that

occur around us and we have classified those changes into Physical and

Chemical changes.

Now, just think about the changes involved in the following processes

in our daily life.

· The process of digestion.

· Burning of the crackers.

· The process of Respiration.

· Powdered lime added to water.

· Ripening of the Mango.

· Exposing iron nails to moisture in air for longer period.

What changes do you notice? Are they physical changes or chemical

changes ? Are they temporary changes or permanent changes?

In all the above processes, the nature of original substance would be

changed. If new substances are formed with properties completely unlike

to those of the original substances, we say that a chemical change has

taken place.

· How do we know that a chemical reaction has taken place?

Let us perform some activities to know this.

Chemical Equations2

CHAPTER
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sÁkÍjáT�¿£ #ásÁ«\T ̀  d�MT¿£sÁD²\T$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

eTq #áT³Ö¼ È]¹> $$<ó� sÁ¿±\ eÖsÁTÎ\qT >·T]+º >·Ôá ÔásÁ>·ÔáT\ýË #á]Ì+#áTÅ£�H��+.
n<û $<ó�+>± � eÖsÁTÎ\qT uó�Ü¿£ eT]jáTT sÁkÍjáTq eÖsÁTÎ\T>± $uó��+#á³+
HûsÁTÌÅ£�H��+.

MT �Ôá«J$Ôá+ýË $$<ó� ç|�ç¿ìjáT\ýË È]Ðq ¿ì+<� d�Öº+ºq eÖsÁTÎ\ >·T]+º
�ýËº+#á+&�.

eTq Xø̄ sÁ+ýË �V�äsÁ JsÁ�ç¿ìjáT

³bÍ¿±jáT\T ¿±\Ì³+

XæÇd�ç¿ìjáT

  d�TH���¿ì úsÁT ¿£\T|�Ú³

eÖ$T&�¿±jáT |�+&�T>± eÖsÁ³+

�qT|� yûTÅ£�\T ÔûeT y�Ô�esÁD+ýË mÅ£�Øe ¿±\+ eÚ+&�³+.

�|Õ d�+<�s�ÒÛ\ýË mý²+{ì eÖsÁTÎ\T MTsÁT >·eT�+#�sÁT? n$ uó�Ü¿£ eÖsÁTÎý²?
ýñ¿£ sÁkÍjáTq eÖsÁTÎý²? n$ Ô�Ô�Ø*¿£ eÖsÁTÎý²? ýñ¿£ XæXøÇÔá eÖsÁTÎý²?

�|Õq �|s=Øq� n�� d�+<�s�ÒÛ\ýË eTq+ rd�TÅ£�q� |�<�sÁ� d�Çuó²e+ |�P]ï>±
eÖ]bþsTT+~. rd�TÅ£�q� |�<�sÁ� kÍ�q+ýË |�P]ï>± ¿=Ôáï \¿£�D²\ÔÃ �q� |�<�sÁ�+ @sÁÎ&�Ôû,
sÁkÍjáTq eÖsÁTÎ È]Ð+<�� #î|�ÚÔ�+.

sÁkÍjáTq #ásÁ« È]Ð+<�� eTqÅ£� mý² Ôî\Td�Tï+~?

�~ Ôî\Td�T¿Ãe&��¿ì �|�ð&�T ¿=�� ¿£�Ô�«\qT �sÁÇV¾²<�Ý+.

1

n<ó�«jáT+

sÁkÍjáT�¿£ d�MT¿£sÁD²\T2
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fig-1:Formation of barium
sulphate precipitate

Na
2
SO

4

BaCl
2

Take some zinc granules in a conical flask.

Add about 20 ml of dilute hydrochloric acid to

the zinc granules in the conical flask.

Observe the changes in the conical flask.

· What changes do you notice?

Now keep a burning match stick near the

mouth of the conical flask.

· What happens to burning match stick?

· Touch the bottom of the conical flask with

your fingers. What do you notice?

· Is it hot?

From the above activities you can

conclude that during a chemical change:

fig-2:Formation of hydrogen
gas by the action of dilute HCl
on zinc and testing of H

2
 gas

Conical plask

Dil. HCl

Zinc granules

H
2 

gas

Activity 1

Take about 1 g of quick lime (calcium oxide) in a beaker. Add 10 ml of

water to this. Touch the beaker with your finger.

· What do you notice?

You notice that the beaker is hot. The reason is that the calcium oxide

(quick lime) reacts with water with the liberation of heat energy. Calcium

oxide dissolves in water producing colourless solution. Test the nature of

solution with litmus papers.

· What is the nature of the solution?

A red litmus paper turns blue when dipped in the above solution. A

blue litmus does not change its colour. Hence, the solution is a basic

solution.

          Activity  2

Take about  100 ml of water in a beaker and dissolve a

small quantity of sodium sulphate (Na
2
SO

4
).

Take about 100ml of water in another beaker and

dissolve a small quantity of barium chloride (BaCl
2
).

Observe the colours of the solutions obtained.

· What are the colours of the above solutions?

· Can you name the solutions obtained?

Add Na
2
SO

4
 solution to BaCl

2
 solution and observe.

· Do you observe any change on mixing these solutions?

Activity  3

S
C
E
R
T, T

E
LA

N
G
A
N
A



47
sÁkÍjáT�¿£ #ásÁ«\T ̀  d�MT¿£sÁD²\T$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

|�³+`2: �+¿ù ýËV�²+ �|Õ d�È\
HCl #ásÁ«ýË @sÁÎ&�q �VÕ²ç&ÃÈH�

y�jáTTeÚqT |�̄ ¿ì�+#áT³

H
2

Xæ+KeÅ£��|Î

d�È\ HCl

�+¿ùeTT¿£Ø\T

y�jáTTeÚ

         ¿£�Ôá«+2
ÿ¿£ Xæ+Ke Å£��|ÎýË ¿=�� �+¿ùeTT¿£Ø\qT rd�T¿Ã+&�. <��¿ì

d�TeÖsÁT 20 $T.©.\ d�È\ �VÕ²ç&Ã¿Ã¢]¿ù �eT¢+ ¿£\|�+&�.

� Xæ+Ke Å£��|ÎýË eÖsÁTÎ\qT >·eT�+#á+&�.

   MTsÁT @$T eÖsÁTÎ\T >·eT�+#�sÁT?
    >±E Å£��|Î eTÖÜ <�>·ZsÁ ÿ¿£ eT+&�TÔáTq� nÐZ|�Ú\¢qT �+#á+&�.
    @$T >·eT�+#�sÁT?

   eT+&�TÔáTq� nÐZ|�Ú\¢Å£� @$T È]Ð+~?
   Xæ+Ke Å£��|ÎqT #ûÜÔÃ Ô�¿ì #áÖ&�+&�. @+ È]Ð+~?
   n~ yû&�>± �+<�?

�|Õ ¿£�Ô�«\qT �{ì¼ ÿ¿£ sÁkÍjáTq #ásÁ« È]Ðq|�ð&�T $$<ó�
sÁ¿±\ eÖsÁTÎ\T ÈsÁT>·TÔ�jáT� �s�Æ]+#á e#áTÌ.

 |�³+`1 : uñ]jáT+ d�ýñÎÛ{Ù
ne¹¿�|�+ @sÁÎ&�T³

Na
2
SO

4

BaCl
2

¿£�Ôá«+  1
d�TeÖsÁT 1 ç>±eTT bõ&�d�TH���� (¿±*üjáT+ �Â¿Õà&�) ÿ¿£ ;¿£sÁTýË rd�T¿Ã+&�.

<��¿ì 10 $T.©. ú{ì� ¿£\|�+&�. ;¿£sÁTqT MT #ûÜÔÃ Ô�¿ì #áÖ&�+&�.
MTsÁT @+ >·eT�+#�sÁT?
�|Õ ¿£�Ôá«+ýË MTsÁT  ;¿£sÁTqT Ô�¿ìq|�ð&�T yû&�>± �q�³T¢ >·eT�+#�sÁT ¿£<�! B�¿ì
¿±sÁD+ ¿±*üjáT+ �Â¿Õà&� (bõ&� d�Tq�+) ú{ìÔÃ #ásÁ« È]|¾ �w��+ $&�T<�\ #ûd¾+~.
¿±*üjáT+ �Â¿Õà&� ú{ìýË ¿£]Ðq|�ð&�T sÁ+>·Týñ� ç<�eD²�� �d�Tï+~. � ç<�eD²��
*³�dt �||�sÁ¢ÔÃ |�̄ ¿ì�<�Ý+.
� ç<�eD+ �eT¢eÖ?  ¿�±sÁeÖ?

 � ç<�eD+ msÁT|�Ú *³�dt ¿±ÐÔ��� ú* sÁ+>·TýË¿ì eÖsÁTd�Tï+~. ú* *³�dt ¿±ÐÔá|�Ú
sÁ+>·TqT eÖsÁÌ<�T. ¿±�{ì¼ � ç<�eD+ ¿�±sÁd�Çuó²e+ ¿£*Ð �+<�� #î|�Îe#áTÌ.

¿£�Ôá«+  2
ÿ¿£ ;¿£sÁTýË 100 $T.©.\ ú{ì� rd�T¿Ã+&�. <��ýË ¿=~Ý>± kþ&�jáT+

d�ýñÎÛ{Ù (Na
2
SO

4
)qT ¿£\|�+&�. eTs=¿£ ;¿£sÁTýË 100 $T.©.\ ú{ì� rd�T¿=�

¿=~Ý>± uñ]jáT+ ¿Ã¢ÂsÕ&�(BaCl
2
)qT ¿£\|�+&�. �|Õ Âs+&�T ;¿£sÁ¢ýË ç<�eD²\

sÁ+>·TqT |�]o*+#á+&�.
n$ @ sÁ+>·TýË �H��sTT?
�|Õq @sÁÎ&�q ç<�eD²\ �|sÁT¢ #î|�Î>·\y�?

kþ&�jáT+ d�ýñÎÛ{Ù ç<�eD²�«� uñ]jáT+ ¿Ã¢ÂsÕ&� ç<�eD²�¿ì ¿£\|�+&�.
Âs+&�T ç<�eD²\qT ¿£*|¾q ÔásÁy�Ôá @<îÕH� eÖsÁTÎqT >·eT�+#�s�?

¿£�Ôá«+  1

¿£�Ôá«+  2

¿£�Ôá«+  3
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1. The original substances lose their characteristic properties. Hence

these may be products with different physical states and colours.

2. Chemical changes may be exothermic or endothermic i.e, heat may

be liberated or absorbed.

3. They may form an insoluble substance known as precipitate.

4. Gas may be evolved

In our daily life we observe variety of changes taking place around us.

In this chapter we study various types of chemical reactions and their

symbolic representation.

2.1  Chemical Equations

In activity 1, when calcium oxide reacts with water a new substance is

formed which is unlike to either calcium oxide or water. The description

of chemical reactions in a sentence in activity-1 is quite long. It can be

written in shorter form as a word equation.

The word equation of the above reaction is,

calcium oxide + water g calcium hydroxide  ......................... (1)

        (Reactants)                   (Product)

The substances which undergo chemical change in the reaction are

called reactants and the new substances formed are called products.

A chemical reaction written in the form of word equation shows the

change of reactants to products by an arrow placed between them. The

reactants, are written on the left side of the arrow and the final substances,

or products are written on the right side of the arrow. The arrow head

point faces the products showing the direction of the reaction.

If there is more than one reactant or product involved in the reaction,

they are indicated with a plus (+) sign between them.

2.1.1 Writing a Chemical Equation

· Can you write a chemical reaction in any other shorter way other than

the way we discussed above?

Chemical equations can be made more precise and useful if we use

chemical formulae instead of words.
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sÁkÍjáT�¿£ #ásÁ«\T ̀  d�MT¿£sÁD²\T$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

1. Ô=* |�<�s��\T y�{ì >·TD²Ôá�¿£ <ó�s��\qT ¿ÃýËÎÔ�sTT.  sÁ+>·T eT]jáTT d¾�ÜýË
eÖsÁTÎ #î+~q ç¿ìjáÖÈH�«\T @sÁÎ&�Ô�sTT.

2. sÁkÍjáTq #ásÁ«\T �w��yîÖ#á¿£ ýñ<� �w�� ç>±V�²¿£ #ásÁ«\T ¿±e#áTÌ. n+fñ �w��+
$&�T<�\ ¿±e&�+ ýñ<� �w��+ ç>·V¾²+#á&�+ ÈsÁT>·TÔáT+~,

3. ¿£sÁ>·� ne¹¿�bÍ�� @sÁÎsÁTd�Öï #ásÁ« ÈsÁ>·e#áTÌ.
4. sÁkÍjáTq eÖsÁTÎýË ¿=�� d�+<�s�ÒÛ\ýË y�jáTTeÚ $&�T<�\ ¿±e#áTÌ.

eTq#áT³Ö¼ �q� y�Ô�esÁD+ýË �ý²+{ì eÖsÁTÎ\qT >·eT�d�ÖïHû �+{²+. �
bÍsÄÁ+ýË sÁkÍjáTq #ásÁ«\qT d�MT¿£sÁD²\ sÁÖ|�+ýË Ôî*jáTCñ�d $<ó�H�\ >·T]+º
|�]o*<�Ý+.
2.1 sÁkÍjáTq d�MT¿£sÁD²\T (Chemical Equations)

¿£�Ôá«+`1ýË, ¿±*üjáT+ �Â¿Õà&� ú{ìÔÃ #ásÁ« È]|¾q|�ð&�T,  ¿±*üjáT+ �Â¿Õà&�
\¿£�D²\T>±�, ú{ì \¿£�D²\T>±� ýñq³Te+{ì  ¿±*üjáT+ �VÕ²ç&�Â¿Õà&�  nHû ¿=Ôáï |�<�sÁ�+
@sÁÎ&�+~. � #ásÁ«ýË ¿±*üjáT+ �Â¿Õà&� ú{ìýË ¿£]Ð ¿±*üjáT+ �VÕ²ç&�Â¿Õà&�qT @sÁÎsÁTd�Tï+<��
#îbÍï+.  ÿ¿£ #ásÁ«qT �ý² Ôî\|�&�+ #�ý² bõ&�eÚ>± n�|¾d�Tï+~. B�Hû  d�Ö¿£��sÁÖ|�+ýË
»|�<�d�MT¿£sÁD+µ>± Ôî\|�e#áTÌ.

�|Õ #ásÁ« jîTT¿£Ø |�<� d�MT¿£sÁD+,
¿±*üjáT+ �Â¿Õà&� G úsÁT ® ¿±*üjáT+ �VÕ²ç&�Â¿Õà&� .............. (1)

(ç¿ìjáÖÈq¿±\T)          (ç¿ìjáÖÈH�«\T)

ÿ¿£ sÁkÍjáT�¿£ #ásÁ«ýË @ |�<�s��\T sÁkÍjáTq eÖsÁTÎÅ£� >·TsÁeÚÔ�jîÖ y�{ì�
»ç¿ìjáÖÈq¿±\Tµ (reactants) n+{²sÁT. ¿=Ôáï>± @sÁÎ&�q |�<�s��\qT »ç¿ìjáÖÈH�«\Tµ
(products) n+{²sÁT.

|�<� d�MT¿£sÁD sÁÖ|�+ýË s�d¾q �|Õ sÁkÍjáTq #ásÁ«ýË ç¿ìjáÖÈq¿±\T ç¿ìjáÖÈH�«\T>±
eÖsÁ&���  u²D|�Ú >·TsÁTïÔÃ d�ÖºkÍïsÁT. ç¿ìjáÖÈq¿±\qT u²D|�Ú >·TsÁTïÅ£� m&�eTyîÕ|�Úq,
ç¿ìjáÖÈH�«\T u²D|�Ú >·TsÁTïÅ£� Å£�&�yîÕ|�Úq s�jáÖ*. u²D|�Ú >·TsÁTï Ôá\ ç¿ìjáÖÈH�«\
yîÕ|�Ú �+³Ö sÁkÍjáT�¿£ #ásÁ« ~XøqT Ôî\T|�ÚÔáT+~.

ÿ¿£yûÞø #ásÁ«ýË ÿ¿£Ø{ì ¿£+fñ mÅ£�Øe ç¿ìjáÖÈq¿±\T>±�, ç¿ìjáÖÈH�«\T>±�
�q�³¢sTTÔû y�{ì eT<ó�«ýË »Gµ Å£L&�¿£ >·TsÁTïqT �+#áTÔ�+.

ÿ¿£ sÁkÍjáTq #ásÁ«qT nÜ d�Ö¿£��sÁÖ|�+ýË ýñ<� d�+¹¿Ô�\ÔÃ Ôî*jáTCñ�dï <��Hû
»sÁkÍjáTq d�MT¿£sÁD+µ n+{²sÁT.
2.2.1 sÁkÍjáTq d�MT¿£sÁD+ s�jáT&�+

ÿ¿£ sÁkÍjáTq #ásÁ«qT �|Õq Ôî*|¾q $<ó�+>± ¿±Å£�+&� eT¹s<îÕH� d�Ö¿£��sÁÖ|�+>±
#áÖ|�e#�Ì?
sÁkÍjáTq #ásÁ«\qT �|Õq Ôî*|¾q $<ó�+>± |�<�\ÔÃ ¿±Å£�+&� kÍ+¹¿Ü¿±\ÔÃ d�Öº�dï

�+¿± d�Ö¿£��+>± eT]jáTT �|�jîÖ>·¿£sÁ+>± �+³T+~.
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Generally, a compound is written by giving its chemical formula,

which  lists the symbols of the constituent elements and uses the subscript

to indicate the number of atoms of each element present in the compound.

If no subscript is written the number 1 is understood. Thus we can write

calcium oxide as CaO, water as H
2
O and the compound formed by the

reaction of these two compounds is calcium hydroxide Ca (OH)
 2
.

Now the reaction of calcium oxide with water can be written as:

CaO + H
2
O g Ca (OH)

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

In the above chemical equation, count the number of atoms of each

element on left side and right side of arrow.

· Is the number of atoms of each element are equal on both sides?

Observe the following reactions and their chemical equations. Zinc

metal reacts with dilute HCl to yield ZnCl
2
 and liberates Hydrogen gas.

Zn + HCl g ZnCl
2

+ H
2    

............................ (3)

Sodium sulphate reacts with barium chloride to give white precipitate,

barium sulphate and sodium chloride.

Na
2
SO

4
+ BaCl

2
    g BaSO

4
 + NaCl     ............................. (4)

· Do the atoms of each element on left side equal to the atoms of  the

element on the right side of the equation?

· Do the atoms of all the elements of the reactants also there on the

product side?

THINK AND WRITE

You have brushed the wall with an aqueous suspension of Ca(OH)
2
. After two

days the wall turned to white colour.

· Write the balanced chemical reactions for the above changes using the

appropriate symbols and formulae?.

2.1.2 Balancing Chemical Equations

According to the law of conservation of mass, the total mass of the

products formed in chemical reaction must be equal to the total mass of

reactants consumed. You know that an atom is the smallest particle of an

element that takes part in a chemical reaction. It is the atom which accounts

for the mass of any substance. As per the law of conservatioin of mass the

number of atoms of each element before and after reaction must be the

same.
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sÁkÍjáT�¿£ #ásÁ«\T ̀  d�MT¿£sÁD²\T$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

kÍ<ó�sÁD+>± ÿ¿£ d�yûT�ÞøH��� ÿ¿£ sÁkÍjáTq kÍ+¹¿Ü¿£+(b�ÍsÁT�ý²)ÔÃ d�ÖºkÍïsÁT
¿£<�! sÁkÍjáT�¿£ b�ÍsÁT�ý² � d�yûT�Þøq+ýË� eTÖ\¿£ |�sÁeÖDTeÚ\ d�+¹¿Ô�\qT,
|�sÁeÖDTeÚ\ d�+K«qT Ôî*jáTCñd�Tï+~. kÍ+¹¿Ü¿£+ýË ~>·TeÅ£� s�d¾q d�+K« <��ýË� |�sÁeÖDTeÚ\
d�+K«qT Ôî\T|�ÚÔáT+~. ÿ¿£yûÞø mý²+{ì d�+K« ýñÅ£�+&� �+fñ <��� ÿ¿£{ì>± rd�T¿Ãy�*.
�<�V�²sÁDÅ£� ¿±*üjáT+ �Â¿Õà&�qT 'CaO' n�, ú{ì� 'H

2
O' n�, n$ Âs+&�T #ásÁ«

bõ+<�&�+ e\¢ @sÁÎ&�q d�yûT�ÞøH��� ¿±*üjáT+ �VÕ²ç&�Â¿Õà&� Ca(OH)
2
 n� s�kÍï+.

¿±*üjáT+ �Â¿Õà&� eT]jáTT ú{ì eT<ó�« #ásÁ«qT ¿ì+~ $<ó�+>± s�kÍï+.
CaO + H

2
O g Ca (OH)

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

�|Õ sÁkÍjáTq d�MT¿£sÁD+ýË u²D|�Ú >·TsÁTïÅ£� �sÁTyîÕ|�Úý² >·\ eTÖ\¿£ |�sÁeÖDTeÚ\
d�+K«qT ýÉ¿ìØ+#á+&�.

�sÁTyîÕ|�Úý² �q� eTÖ\¿£ |�sÁeÖDTeÚ\ d�+K« d�eÖq+>± �q�<�?
¿ì+~ sÁkÍjáTq #ásÁ«\qT y�{ì d�MT¿£sÁD²\qT >·eT�+#á+&�.
�+¿ù ýËV�²+ d�È\ �VÕ²ç&Ã¿Ã¢]¿ù �eT¢+ÔÃ #ásÁ« È]|¾ �+¿ù ¿Ã¢ÂsÕ&�qT (ZnCl

2
)

eT]jáTT �VÕ²ç&ÃÈH� y�jáTTeÚqT $&�T<�\ #ûd�Tï+~.
Zn + HCl g ZnCl

2
+ H

2    
............................ (3)

kþ&�jáT+ d�ýñÎÛ{Ù ç<�eD+, uñ]jáT+ ¿Ã¢ÂsÕ&� ç<�eD+ÔÃ #ásÁ« È]|¾ Ôî\¢� uñ]jáT+
d�ýñÎÛ{Ù ne¹¿�bÍ�� eT]jáTT kþ&�jáT+ ¿Ã¢ÂsÕ&�qT @sÁÎsÁTd�Tï+~.

Na
2
SO

4
+ BaCl

2
    g BaSO

4
 + NaCl     ............................. (4)

�|Õ d�MT¿£sÁD+ýË u²D+ >·TsÁTïÅ£� m&�eTyîÕ|�Úq eÚq� ç|�Ü eTÖ\¿£ |�sÁeÖDTeÚ\ d�+K«
Å£�&�yîÕ|�Úq eÚq� eTÖ\¿£ |�sÁeÖDTeÚ\ d�+K«Å£� d�eÖq+>± �q�<�?
ç¿ìjáÖÈq¿±\ yîÕ|�Ú >·\ n�� eTÖ\¿±\Å£� #î+~q |�sÁeÖDTeÚ\T ç¿ìjáÖÈH�«\
yîÕ|�Ú Å£L&� �H��jáÖ?

�ýËº+#á+&� ̀  s�jáT+&�.
�+{ì >Ã&�\Å£�  ¿±*üjáT+ �VÕ²ç&�Â¿Õà&� ç<�eD+ (Ca(OH)

2
) ÔÃ yî\¢yû�dï Âs+&�T

sÃE\ ÔásÁTy�Ôá >Ã&� Ôî\¢>± eÖ]+~.
· �|Õ eÖsÁTÎ\Å£� d�ÂsÕq d�+¹¿Ô�\T �|�jîÖÐd�Öï sÁkÍjáTq #ásÁ«\T s�d¾ ÔáT\«+

#ûjáT+&�.
2.1.2 sÁkÍjáTq d�MT¿£sÁD²\qT ÔáT\«+ #ûjáTT³ (Balancing Chemical Equations)

ç<�e«�Ôá«ÔáÇ �jáTeT+ ç|�¿±sÁ+, ÿ¿£ sÁkÍjáTq #ásÁ«ýË bÍý¤ZHû |�<�s��\ yîTTÔáï+
ç<�e«s�¥ #ásÁ«Å£� eTT+<�T, ÔásÁTy�Ôá d�eÖq+>± �+&�*. ÿ¿£ eTÖ\¿±�¿ì #î+~q
|�sÁeÖDTeÚ sÁkÍjáTq #ásÁ«ýË bÍý¤ZHû nÜ ºq� ¿£D+ n� MTÅ£� Ôî\Td�T. � |�sÁeÖDTyû
ç<�e«s�¥¿ì ¿±sÁDeT� Å£L&� Ôî\Td�T. ç<�e«�Ôá«ÔáÇ �jáTeT+ ç|�¿±sÁ+ ¿±�{ì¼ #ásÁ«
ÈsÁ>·¿£ eTT+<�T eT]jáTT #ásÁ« È]Ðq ÔásÁy�Ôá eTÖ\¿£ |�sÁeÖDTeÚ\ d�+K« d�eÖq+>±
�+&�*.
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All the chemical equations must be balanced, because atoms are neither

created nor destroyed in chemical reactions. A chemical equation in which

the number of atoms of different elements on the reactant side (left side)

are same as those on product side (right side) is called a balanced reaction.

Formula units:

Balancing a chemical equation involves finding out how many

formula units of each substance take part in the reaction.as the name implies,

is one unit – whether atom, ion or molecule – corresponding to a given

formula. One formula unit of NaCl for example is one Na+ (Sodium ion)

and one Cl– (Chlorine ion); one formula unit of MgBr
2
 is one Mg2+ ion and

two Br– ions and one formula unit of  water is one H
2
O molecule.

Now let us balance the chemical equation using a systematic method.

For this take the example of hydrogen reacting with oxygen to form water.

Step 1: Write the equation with the correct chemical formulae for

each reactant and product.

For example, in the reaction of hydrogen with oxygen to yield water,

you can write chemical equations as follow:

H
2
 + O

2 
 g      H

2
O       ……(5)

Step 2: After writing the molecular formulae

of the substances the equation is to be balanced.

For this we should not touch the ratio of atoms in

the molecules of the susbtances but we may assign

suitable numbers as the coefficients before the formulae.

In the above equation write ‘2’ before the molecular formula of

hydrogen and also ‘2’ before the molecular formula of water. Observe

whether atoms of both the elements hydrogen and oxyen are same (or)

different on both the sides. They are in the same number on both sides.

Therefore, the equation is balanced.

2H
2

+ O
2

g 2H
2
O …………..(6)

Step 3: Sometimes there is a possibility that the coefficients of all the

substances getting divided with a suitable number. Since we require the

lowest ratio of coefficient for reactants and products the above operation

is to be done. If no common factor is there, there is no need to divide the

equation. The above equation needs no division of the coefficients of the

substances.

Element
No of atoms

LHS RHS

H 2 2

O 2 1

Element
No of atoms

LHS RHS

H 2 2

O 2 1
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sÁkÍjáT�¿£ #ásÁ«\T ̀  d�MT¿£sÁD²\T$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

ÿ¿£ sÁkÍjáTq #ásÁ«ýË |�sÁeÖDTeÚ\T d��w¾¼+#á�&�eÚ ýñ<� H�Xøq+ #ûjáT�&�eÚ.
¿±�{ì¼ ÿ¿£ sÁkÍjáTq d�MT¿£sÁD+ KºÌÔá+>± ÔáT\«+ #ûjáT�&�*. @ sÁkÍjáTq
d�MT¿£sÁD+ýË nsTTÔû ç¿ìjáÖÈq¿±\ yîÕ|�Ú >·\ eTÖ\¿£ |�sÁeÖDTeÚ\ d�+K« ç¿ìjáÖÈH�«\
yîÕ|�Ú >·\ eTÖ\¿£ |�sÁeÖDTeÚ\ d�+K«Å£� d�eÖq+>± �+³T+<Ã ný²+{ì sÁkÍjáTq
d�MT¿£sÁD²��  »ÔáT\« sÁkÍjáTq d�MT¿£sÁD+µ (Balanced chemical equation) n+{²sÁT.
b�ÍsÁT�ý² jáTÖ�{Ù

sÁkÍjáTq d�MT¿£sÁD²�� ÔáT\«+ #ûjáT&�+ýË $$<ó� |�<�s��\Å£� d�+�+~ó+ºq m��
kÍ+¹¿Ü¿£ ç|�eÖD²\T (Formula units) bÍý¤Z+³TH��sTT nHû~ ned�sÁ+. �¿£Ø&� b�ÍsÁT�ý²
jáTÖ�{ÙqT ÿ¿£ $uó²>·+>± |�]>·DìkÍï+. �~ �ºÌq b�ÍsÁT�ý²Å£� d�+�+~ó+ºq ÿ¿£
|�sÁeÖDTeÚ ýñ<� njáÖH� ýñ<� nDTeÚ ¿±e#áTÌ. NaCl jîTT¿£Ø b�ÍsÁT�ý² jáTÖ�{Ù, ÿ¿£
Na+ kþ&�jáT+ njáÖH� eT]jáTT ÿ¿£ Cl– ¿Ã¢]H� njáÖH�. MgBr

2
 jîTT¿£Ø  b�ÍsÁT�ý²

jáTÖ�{Ù, ÿ¿£ Mg+ njáÖH� eT]jáTT Âs+&�T Br– njáÖH�\T, ú{ì jîTT¿£Ø b�ÍsÁT�ý²
jáTÖ�{Ù ÿ¿£ H

2
O nDTeÚ.

 sÁkÍjáTq d�MT¿£sÁD²\qT ÿ¿£ |�<�ÆÜ ç|�¿±sÁ+ ÔáT\«+ #ûjáTe\d¾ eÚ+³T+~. �|�ÚÎ&�§
ÿ¿£ sÁkÍjáTq #ásÁ«qT ÔáT\«+ #û<�Ý+. �<�V�²sÁDÅ£� �VÕ²ç&ÃÈH�, �¿ìàÈH�ÔÃ #ásÁ«È]|¾
ú{ì nDTeÚ @sÁÎ&�&���  Ôî*�| d�MT¿£sÁD²�� ÔáT\«+ #û<�Ý+.

kþbÍq+1: eTT+<�T>± sÁkÍjáTq #ásÁ«ýË bÍý¤ZHû ç|�Ü |�<�sÁ�+ jîTT¿£Ø d�]jî®Tq
kÍ+¹¿Ü¿±�� (ç¿ìjáÖÈq¿±\ eT]jáTT ç¿ìjáÖÈH�«\qT) s�jáÖ*. n+fñ ÔáT\«+ ¿±�
sÁkÍjáTq d�MT¿£sÁD+ s�jáÖ*.

�<�V�²sÁDÅ£� �VÕ²ç&ÃÈH�, �¿ìàÈH� #ásÁ«
bõ+~ úsÁT @sÁÎ&û #ásÁ«qT, ¿ì+~$<ó�+>±
s�jáÖ*.

H
2
 + O

2 
 g      H

2
O .......... (5)

kþbÍq+2: d�]jî®Tq >·TD¿±�� ¿£qT>=q&�+ : kÍ+¹¿Ü¿±�¿ì eTT+<�Ts��d >·TD¿£+,
d�MT¿£sÁD²�� ÔáT\«+ #ûjáT&��¿ì m�� b�ÍsÁT�ý² jáTÖ�³T¢ ned�sÁyîÖ Ôî\T|�ÚÔáT+~.
d�MT¿£sÁD²�� ÔáT\«+ #û�d d�+<�sÁÒÛ+ýË ¹¿e\+ >·TD¿±�� eÖçÔáyûT eÖs�Ì* Ôá|�Î b�ÍsÁT�ý²qT
eÖsÁÌÅ£L&�<�T.

�|Õ d�MT¿£sÁD+ ÔáT\«+ #ûjáTT³Å£� H
2
OÅ£� eT]jáTT H

2
Å£� eTT+<�T »2µ  >·TD¿±��

s�jáÖ*. �$<ó�+>± #ûjáT&�+ e\q u²D|�Ú >·TsÁTïÅ£� Âs+&�TyîÕ|�Úý² �VÕ²ç&ÃÈH�, �¿ìàÈH�
|�sÁeÖDTeÚ\T d�eÖq+>± �H��jîÖ ýñyÃ |�]o*+#á+&�. B�� �{ì¼ d�MT¿£sÁD+ ÔáT\«+
nsTT+~ n� #î|�Îe#áTÌ.

2H
2

+ O
2

g 2H
2
O …………..(6)

kþbÍq+3: >·TD¿±\T ¿£�w�÷ |�Ps��+¿±\T>± �+&�*. ned�sÁyîT®Ôû n�� >·TD¿±\qT
ÿ¹¿ d�+K«#û uó²Ð+º ¿£�w�÷ |�Ps��+¿±\qT �+#�*. �|Õ d�MT¿£sÁD+ýË ç¿ìjáÖÈH�«\,
ç¿ìjáÖÈq¿±\ >·TD¿±\T ¿£�w�÷ |�Ps��+¿±\T>± eÚH��sTT ¿±�{ì¼ mý²+{ì uó²>±V�äsÁ+
ned�sÁ+ ýñ<�T.

H 2 2

O 2 1

eTÖ\¿£+ |�sÁeÖDTeÚ\ d�+K«
m&�eT yîÕ|�Ú  Å£�&� yîÕ|�Ú
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Step 4: Verify the equation for the balancing of atoms on both sides of

the equations. The above equation (6) is a balanced equation.

Let us work out some more examples to see how equations are

balanced.

Eg-1:  Combustion of propane (C
3
H

8
) in presence of oxygen

Propane, C 
3
 H

8
 is a colourless, odourless gas often used as a heating

and cooking fuel. Write the chemical equation for the combustion reaction

of propane. The reactants are propane and oxygen and the products are

carbon dioxide and water. Write the reaction in terms of symbols and

formulae of the substances involved and follow the four steps described

in previous discussion.

Step 1: Write the unbalanced equation using correct chemical formulae

for all substances.

C
3
H

8
    + O

2
    g     CO

2
     +    H

2
O ............(7), (Skeleton equation)

Note: Unbalanced chemical equation containing molecular formulae

of the substances is known as skeleton equation.

Step 2: Compare number of atoms

of each element on both sides. Find the

coefficients to balance the equation. It

is better to start with the most complex

substance – in this case C
3
H

8
.
 
Look at

the skeleton equation, (7) and note that

there are 3 carbon atoms on the left

side of the equation but only 1 on the right side. If we add a coefficient of

3 to CO
2
 on the right side the carbon atoms get balanced.

C
3
H

8
+ O

2
g 3CO

2
+   H

2
O ................... (8)

Now, look at the number of hydrogen atoms. There are 8 hydrogens

on the left but only 2 on the right side. By adding a coefficient of 4 to the

H
2
O on the right, the hydrogen atoms get balanced.

C
3
H

8
+ O

2
g 3CO

2
+   4H

2
O  .................(9)

Finally, look at the number of oxygen atoms. There are 2 on the left

side but 10 on the right side, by adding a coefficient of 5 to the O
2 
on the

left, the oxygen atoms get balanced.

C
3
H

8
+ 5O

2
g 3CO

2
+  4H

2
O .....................(10)

Element
No of atoms

LHS RHS

C 3(in C
3
H

8
) 1 (in CO

2
)

H 8 (in C
3
H

8
) 2(in H

2
O)

O 2 (in O
2
) 3 (in CO

2
, H

2
O)
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sÁkÍjáT�¿£ #ásÁ«\T ̀  d�MT¿£sÁD²\T$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

kþbÍq+4: u²D|�Ú >·TsÁTïÅ£� �sÁTyîÕ|�Úý² eTÖ\¿£ |�sÁeÖDTeÚ\ú� d�eÖq+>±
�H��jîÖ ýñ<Ã d�]#áÖd�T¿Ãy�*. B+ÔÃ sÁkÍjáTq d�MT¿£sÁD+ ÔáT\«yîT®q<�� uó²$+#áe#áTÌ.

sÁkÍjáTq d�MT¿£sÁD²\qT ÔáT\«+ #ûjáT&�+ýË eT]¿=�� �<�V�²sÁD\T #áÖ<�Ý+.
�<�V�²sÁD ` 1: çbõ�|H�qT (C

3
H

8
) �¿ìàÈH� d�eT¿£�+ýË eT+&�+#áT³.

çbõ�|H� (C
3
H

8
) sÁ+>·T, y�d�q ýñ� ÿ¿£ y�jáTTeÚ. kÍ<ó�sÁD+>± B�� �+<ó�q+>±

y�&�TÔ�+. çbõ�|H� <�V�²q #ásÁ«Å£� sÁkÍjáTq d�MT¿£sÁD+ s�jáT+&�. � #ásÁ«ýË çbõ�|H�
eT]jáTT �¿ìàÈqT\T ç¿ìjáÖÈq¿±\T ¿±>± ¿±sÁÒH� &îÕ �Â¿Õà&� eT]jáTT úsÁT  ç¿ìjáÖÈH�«\T
>± �+{²sTT. �|Õq �<�V�²]+ºq H�\T>·T kþbÍH�\qT nqTd�]d�Öï sÁkÍjáT�¿£ #ásÁ«qT
ÔáT\« d�MT¿£sÁD sÁÖ|�+ýË s�jáT+&�.

kþbÍq+1: #ásÁ«ýË bÍý¤Zq�, #ásÁ«ýË @sÁÎ&�q n�� |�<�s��\ d�]jî®Tq kÍ+¹¿Ü¿±\qT
d�MT¿£sÁD sÁÖ|�+ýË s�jáÖ*.
C

3
H

8
   +   O

2
    g     CO

2
     +    H

2
O...........(7), (çbÍ<̧�$T¿£ d�MT¿£sÁD+)

>·eT�¿£ : nDT b�ÍsÁT�ý²\T eÖçÔáyûT eÚ+&�, ÔáT\«+ #ûjáT� sÁkÍjáTq d�MT¿£sÁD+qT
»çbÍ<̧�$T¿£ d�MT¿£sÁD+µ n+{²+.

kþbÍq+2: �sÁTyîÕ|�Úý² �+&û eTÖ\¿£ |�sÁeÖDTeÚ\ d�+K«qT bþ\Ì&��¿ì eTT+<�T>±
d�MT¿£sÁD+ ÔáT\«+ #ûjáT&��¿ì¿±y�*àq >·TD ¿±\qT mqT�¿Ãy�*. ÔáT\«+ #ûjáT&�+ýË
n��+{ì¿£+fñ eTT+<�T>± mÅ£�Øe eTÖ\¿±\T >·\ |�<�s���� m+|¾¿£ #ûd�T¿Ãy�*.�
d�MT¿£sÁD+ýË C

3
H

8
 ÿ¿£ d�+¿ì¢w�¼ |�<�sÁ�+ ¿±�{ì¼

<��ýË �+&û ÿ¿=Ø¿£Ø eTÖ\¿±�� ÿ¿ÃØkÍ] mqT�¿=�
ÔáT\«+ #ûjáÖ*.

çbÍ<̧�$T¿£ d�MT¿£sÁD²�� (7) >·eT�+#á+&�. <��ýË
u²D|�Ú >·TsÁTïÅ£� m&�eTyîÕ|�Úq  eTÖ&�T ¿±sÁÒH�
|�sÁeÖDTeÚ\T,  Å£�&�yîÕ|�Úq ÿ¿£ ¿±sÁÒH� |�sÁeÖDTeÚ
�+~.. ¿±�{ì¼ CO

2 
Å£� »3µ nHû >·TD¿±�� ¿£*|¾Ôû

Âs+&�TyîÕ|�Úý² ¿±sÁÒH� |�sÁeÖDTeÚ\T d�eÖqeTeÚÔ�sTT.
C

3
H

8
+ O

2
g 3CO

2
+   H

2
O ................... (8)

�|�ð&�T Âs+&�TyîÕ|�Úý² �q� �VÕ²ç&ÃÈH� |�sÁeÖDeÚ\qT >·eT�+#á+&�. m&�eTyîÕ|�Ú 8
�VÕ²ç&ÃÈH� |�sÁeÖDTeÚ\T, Å£�&�yîÕ|�Ú 2 �VÕ²ç&ÃÈH� |�sÁeÖDTeÚ\T �H��sTT. ¿±�{ì¼
H

2
O Å£� »4µ nHû >·TD¿±�� ¿£*|¾Ôû Âs+&�TyîÕ|�Úý² d�eÖqeTeÚÔ�sTT.

C
3
H

8
+ O

2
g 3CO

2
+   4H

2
O  .................(9)

ºesÁ>± Âs+&�TyîÕ|�Úý² �¿ìàÈH� |�sÁeÖDTeÚ\qT >·eT�+#á+&�. m&�eTyîÕ|�Úq »2µ
�¿ìàÈH�  |�sÁeÖDTeÚ\T Å£�&�yîÕ|�Úq 10 �¿ìàÈH� |�sÁeÖDTeÚ\T �H��sTT ¿£<�! �sÁTyîÕ|�Úý²
�¿ìàÈH� |�sÁeÖDTeÚ\qT d�eÖq+ #ûjáT&��¿ì m&�eTyîÕ|�Úq 'O

2
' Å£� m+Ôá ¿£\bÍýË

�ýËº+#á+&�. »5µ >·TD¿±�� ¿£*|¾Ôû u²D²�¿ì Âs+&�TyîÕ|�Úý² �q� �¿ìàÈH�  |�sÁeÖDTeÚ\T
Å£L&� d�eÖqeTeÚÔ�sTT.

C
3
H

8
+ 5O

2
g 3CO

2
+  4H

2
O .....................(10)

C 3(C
3
H

8 
ýË) 1 (CO

2 
ýË)

H 8 (C
3
H

8 
ýË) 2 (H

2
O ýË)

O 2 (O
2
ýË)        3 (CO

2
H

2
O ýË)

eTÖ\¿£+
|�sÁeÖDTeÚ\ d�+K«

m&�eT yîÕ|�Ú      Å£�&� yîÕ|�Ú
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Step 3: Make sure the coefficients are reduced to their smallest whole-

number values. In fact, the equation (10) is already with the coefficients in

smallest whole number. There is no need to reduce its coefficients, but

this might not be achieved in each chemical reaction.

Let us assume that you have got chemical equation as shown below:

2C
3
H

8
+ 10O

2
g 6CO

2
+   8H

2
O ................... (11)

· Is it a balanced equation as per rules?

· How do you say?

Though the equation (11) is balanced, the coefficients are not the

smallest whole numbers. It would be necessary to divide all coefficients

of equation (11) by 2 to reach the final equation.

C
3
H

8
+ 5O

2
g 3CO

2
+  4H

2
O ................... (12)

Step 4: Check the answer. Count the numbers and kinds of atoms on

both sides of the equation to make sure they are the same.

Eg-2: Iron oxide reacts with Aluminum to form iron and Aluminum

trioxide. Write the chemical equation to show the reaction and balance it.

Step 1: Write the equation using the correct chemical symbols and

formulae for all the reactants and products.

Fe
2
O

3
+ Al g  Fe +    Al

2
O

3
 ................. (13)

Step 2: Find the suitable coefficient for the reactants and products, to

equate the number of atoms of each element on both sides.

(i) Examine the number of atoms of each element present in

equation (13) on both sides.

In the above equation (13), Number of oxygen atoms is equal on both

sides. We have to balance the remaining atoms.

(ii) There are 2 Fe atoms on left side(on reactant side). There is one

Fe atom on right side(on products side). To equate number of Fe atoms,

multiply Fe by 2 on product side.

Now the partially balanced equation is:

Fe
2
O

3
+ Al g  2Fe  + Al

2
O

3
 .................. (14)

(iii) In the above equation(14) number of Aluminum atoms still

unbalanced.

There is one ‘Al’ atom on left side and 2 ‘Al’ atoms on the right side

(in Al
2
O

3
), to balance ‘Al’ atoms on both sides multiply ‘Al’ by 2 on left

side of arrow mark.

Elements No. of atoms in reactants No. of atoms in products

Fe 2  (in Fe
2
O

3
) 1  (in Fe)

O 3  (in Fe
2
O

3
) 3  (in Al

2
O

3
)

Al 1  (in Al) 2  (in Al
2
O

3
)
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kþbÍq+3: ºesÁ>± n�� >·TD¿±\qT ¿£�w�¼ |�Ps��+¿±\Å£� ÔáÐZ+#�*. nsTTÔû
ÔáT\«+ #ûd¾q �|Õ d�MT¿£sÁD >·TD¿±\T ¿£�w�¼ |�Ps��+¿±\T>±Hû �H��sTT ¿±�{ì¼ y�{ì�
eÖs�Ì*àq ned�sÁ+ ýñ<�T. nsTTÔû n�� d�+<�s�ÒÛ\ýË �~ kÍ<ó�«+ ¿±<�T.

�<�V�²sÁDÅ£� ÿ¿£ d�MT¿£sÁD+ ¿ì+~ $<ó�+>± �+~ nqTÅ£�+<�+.
2C

3
H

8
+ 10O

2
g 6CO

2
+   8H

2
O ................... (11)

�jáTeÖ\ ç|�¿±sÁ+ �~  ÔáT\« d�MT¿£sÁDyûTH�?
úeÚ mý² #î|�Î>·\eÚ?
d�MT¿£sÁD+ (11) ÔáT\« d�MT¿£sÁD+ nsTTq|�Î{ì¿¡ >·TD¿±\ú� ¿£�w�¼ |�Ps��+¿±\T

¿±eÚ. ¿±�{ì¼ >·TD¿±\��+{ìú  »2µ #û uó²Ð+º ¿£�w�¼ |�Ps��+¿±\ýË�¿ì eÖs�Ì*.
C

3
H

8
+ 5O

2
g 3CO

2
+  4H

2
O ................... (12)

kþbÍq+4: d�MT¿£sÁD+ d�]#áÖd�T¿Ãy�*. u²D|�Ú >·TsÁTïÅ£� Å£�&�, m&�eT\ýË �q�
eTÖ\¿£ |�sÁeÖDTeÚ\qT ýÉ¿ìØ+º d�eÖq+>± �H��jîÖ ýñ<Ã �s�ÆsÁDÅ£� s�y�*.

�<�`2: ×sÁH� �Â¿Õà&� n\Ö«$T�jáT+ÔÃ #ásÁ« bõ+~ �qTeTT, n\Ö«$T�jáT+ çfÉ®
�Â¿Õà&� @sÁÎ&û #ásÁ«Å£� d�MT¿£sÁD+ s�d¾ ÔáT\«+ #ûjáT+&�.

kþbÍq+1: eTT+<�T>± d�ÂsÕq kÍ+¹¿Ü¿±\ÔÃ ç¿ìjáÖÈq¿±\T eT]jáTT ç¿ìjáÖÈH�«\qT
d�Öºd�Öï d�MT¿£sÁD+ s�jáÖ*.

Fe
2
O

3
+ Al g  Fe +    Al

2
O

3
 ................. (13)

kþbÍq+2:  Âs+&�TyîÕ|�Úý² �q� ÿ¹¿ eTÖ\¿£ |�sÁeÖDTeÚ\qT ÔáÐq >·TD¿±\ÔÃ
d�eÖq+ #ûjáÖýË ¿£H=ZH�*.

(i) B� ¿Ãd�+ d�MT¿£sÁD+ (13) �sÁTyîÕ|�Úý² >·\ ÿ¹¿ eTÖ\¿£ |�sÁeÖDTeÚ\qT ýÉ¿ìØ+#�*.

d�MT¿£sÁD+ (13) ýË Fe
2
O

3
 eT]jáTT Al

2
O

3
\ýË mÅ£�Øe d�+K«ýË |�sÁeÖDTeÚ\T

�H��sTT. �sÁTyîÕ|�Úý² �¿ìàÈH� |�sÁeÖDTeÚ\ d�+K« d�eÖq+>± �+~ ¿±�{ì¼  $T>·Ô�
|�sÁeÖDTeÚ\qT d�eÖq+ #ûjáÖ*.

(ii)  u²D|�Ú >·TsÁTïÅ£� m&�eTyîÕ|�Úq Âs+&�T Fe |�sÁeÖDTeÚ\T Å£�&�yîÕ|�Úq  ÿ¿£ Fe

|�sÁeÖDTeÚ �H��sTT. �sÁTyîÕ|�Úý² >·\ 'Fe' |�sÁeÖDTeÚ\qT d�eÖq+ #ûjáT&��¿ì
Å£�&�yîÕ|�Úq >·\ 'Fe'� 2 #û >·TDì+#�*.

Fe
2
O

3
+ Al g  2Fe  + Al

2
O

3
 .................. (14)

(iii) d�MT¿£sÁD+(14)ýË n\Ö«$T�jáT+ |�sÁeÖDTeÚ\T �+¿± ÔáT\«+ ¿±ýñ<�T. u²D|�Ú
>·TsÁTïÅ£� m&�eTyîÕ|�Úq  ÿ¿£{ì , Å£�&�yîÕ|�Úq Âs+&�T n\Ö«$T�jáT+ |�sÁeÖDTeÚ\T H��sTT..
�sÁTyîÕ|�Úý² >·\ n\Ö«$T�jáT+ |�sÁeÖDTeÚ\qT ÔáT\«+ #ûjáT&��¿ì m&�eTyîÕ|�Úq >·\
Al

 
qT 2ÔÃ >·TDì+#�*.

Fe 2  (Fe
2
O

3 
ýË) 1  (Fe ýË)

O 3  (Fe
2
O

3 
ýË) 3  (Al

2
O

3 
ýË)

Al 1  (Al ýË) 2  (Al
2
O

3 
ýË)

eTÖ\¿±\T ç¿ìjáÖ Èq¿±\ |�sÁeÖDTeÚ\ d�+K« ç¿ìjáÖ ÈH�«\ |�sÁeÖDTeÚ\ d�+K«
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Fe
2
O

3
+ 2Al g   2Fe    + Al

2
O

3
................ (15)

The above equation(15), the number of atoms of each element is same

on both sides of arrow mark. This is a balanced chemical equation.

Step 3: The above equation(15) is  balanced and coefficients are also

smallest whole numbers.

Step4: Finally to check the correctness of balanced equation, count

the number of atoms of each element on both sides of equation.

Fe
2
O

3
+ 2Al g    2Fe    + Al

2
O

3
................. (16)

(Note: The above method of balancing is called trial and error method

only. Sometimes you may have to take more care to balance the equation.)

2.2 Making Chemical Equations more informative:

Chemical equations can be made more informative by expressing

following characteristics of the reactants and products.

1. Physical state

2. Heat changes (exothermic or endothermic change)

3. Gas evolved (if any)

4. Precipitate formed (if any)

2.2.1 Expressing the physical state

To make the chemical equation more informative, the physical states

of the substances may be mentioned along with their chemical formulae.

The different states ie., gaseous, liquid, and solid states are represented

by the notations (g), (l)  and (s) respectively. If the substance is present as

a solution in water, the word ‘aqueous’ is written. In the short form it is

written as (aq).

The balanced equation(16) is written along with the physical states as:

Fe
2
O

3(s)
 + 2Al

(s)
g  2Fe

(s)   
+   Al

2
O

3
 
(s)

  ...... (17)

D represents heating.

Elements No of Atoms of Reactants No. of Atoms in products

Fe 2 (in Fe
2
O

3
) 2(in Fe)

O 3 (in Fe
2
O

3
) 3(in Al

2
O

3
 )

Al 2 (in 2 Al) 2(in Al
2
O

3
 )
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sÁkÍjáT�¿£ #ásÁ«\T ̀  d�MT¿£sÁD²\T$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

Fe
2
O

3
+ 2Al g   2Fe    + Al

2
O

3
................ (15)

 d�MT¿£sÁD+ (15)ýË n�� eTÖ\¿±\ #î+~q |�sÁeÖDTeÚ\ d�+K« �sÁTyîÕ|�Úý²
d�eÖq+>± �+~. ¿±�{ì¼ B�� ÔáT\« sÁkÍjáTq d�MT¿£sÁD+ n+{²+.

kþbÍq+3: d�MT¿£sÁD+ (15) ÔáT\« d�MT¿£sÁD+ eT]jáTT >·TD¿±\ú� ¿£�w�¼
|�Ps��+¿±\T>± �q�$.

kþbÍq+4: ºesÁ>± Âs+&�TyîÕ|�Úý² eTÖ\¿£ |�sÁeÖDTeÚ\ú� d�eÖq+>± �H��jîÖ
ýñ<Ã d�]#áÖd�T¿Ãy�*.

Fe
2
O

3
+ 2Al g    2Fe    + Al

2
O

3
................. (16)

>·eT�¿£: �|Õq #î|¾Îq $<ó�q+ ¹¿e\+ jáTÔá�<Ãw� |�<�ÆÜ (trial and error method)
<�Çs� eÖçÔáyûT ÔáT\«+ #ûjáT&�+ È]Ð+~. ÿ¿=Ø¿£ØkÍ] sÁkÍjáTq d�MT¿£sÁD+ ÔáT\«+
#ûjáT&��¿ì #�ý² C²ç>·Ôáï\T rd�T¿Ãy�*.

2.2 sÁkÍjáTq d�MT¿£sÁD+ýË n<�q|�Ú d�eÖ#�sÁ+
sÁkÍjáTq d�MT¿£sÁD²\ <�Çs� eT]+Ôá d�eÖ#�sÁ+ Ôî\Td�T¿Ãe&��¿ì ç¿ìjáÖÈq¿±\T,

ç¿ìjáÖÈH�«\Å£� d�+�+~ó+ºq ¿ì+<� d�Öº+ºq \¿£�D²\T Ôî*jáTCñjáT&�+ m+Ôá>±HÃ
�|�jîÖ>·|�&�TÔáT+~.

1. uó�Ü¿£ d¾�Ü
2. �cþ�ç>·ÔáýË eÖsÁTÎ\T (�w��ç>±V�²¿£ ýñ<� �w��yîÖ#á¿£ #ásÁ«\T)
3. @<îÕH� y�jáTTeÚ yî\Te&�&�+
4. @<îÕH� ne¹¿�|�+ @sÁÎ&�&�+

2.2.1 uó�Ü¿£ d¾�Ü� Ôî*jáTCñjáTT³
 ÿ¿£ sÁkÍjáTq d�MT¿£sÁD+ýË eT]+Ôá d�eÖ#�sÁ+ ¿Ãd�+ ç¿ìjáÖÈq¿±\ eT]jáTT

ç¿ìjáÖÈH�«\ uó�Ü¿£ d¾�ÔáT\qT Ôî*jáTCñjáÖ*. |�<�s��\T ç|�<ó�q+>± |��Tq, ç<�e, y�jáTT
d¾�ÔáT\ÔÃ  �+{²sTT n� eTqÅ£� Ôî\Td�T. M{ì� esÁTd�>± (|��T), (ç<�), (y�) ý²+{ì
>·TsÁTï\ÔÃ sÁkÍjáTq d�MT¿£sÁD²\ýË d�ÖºkÍï+. @<îÕH� |�<�sÁ�+ ú{ìýË ¿£]Ð �q�³¢sTTÔû
y�{ì� »È\ ç<�eD²\Tµ (Aqueous solutions ) n+{²sÁT. y�{ì� (È.ç<�)ÔÃ d�ÖºkÍï+.

uó�Ü¿£ d¾�ÔáT\ÔÃ ¿£*|¾ d�MT¿£sÁD+ (16)qT ¿ì+~$<ó�+>± s�jáTe#áTÌ.

Fe
2
O

3(|��T)
 +  2Al

(|��T)
g  2Fe

(|��T)   
 +   Al

2
O

3
 
(|��T)

 .............(17)

D nHû >·TsÁTï yû&� #ûjáT&��� d�Öºd�Tï+~.

Fe 2 (Fe
2
O

3 
ýË) 2(Fe ýË)

O 3 (Fe
2
O

3 
ýË) 3(Al

2
O

3
 ýË)

Al 2 (2 Al ýË) 2(Al
2
O

3
 ýË)

eTÖ\¿±\T ç¿ìjáÖ Èq¿±\ |�sÁeÖDTeÚ\ d�+K« ç¿ìjáÖ ÈH�«\ |�sÁeÖDTeÚ\ d�+K«
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2.2.2 Expressing the heat changes

Heat is liberated in exothermic reactions and heat is absorbed in

endothermic reactions. See the following examples.

1. C
(s)

  +  O
2
 
(g)

  g  CO
2 (g)

  + Q   (exothermic reaction)

2. N
2 (g)

  + O
2 (g)

  g 2NO 
(g)

  -  Q   (endothermic reaction)

‘Q’ is heat energy which is shown with plus (+) sign on product side

for exothermic reactions and minus (–) sign on product side for

endothermic reactions.

2.2.3 Expressing the gas evolved

 If a gas is evolved in a reaction, it is denoted by an upward arrow (#) or

(g)

Eg: Zn 
(s)

 + H
2
SO

4 (aq)
  g  ZnSO

4 (aq)
  +  H

2 (g) 
#

2.2.4 Expressing precipitate formed

If a precipitate is formed in the reactions it is denoted by a downward

arrow (¯).

Eg: AgNO
3 (aq)

  +  NaCl 
(aq)

 g  AgCl
(s)

 ̄  + NaNO
3 (aq)

Sometimes the reaction conditions such as temperature, pressure,

catalyst etc., are indicated above and/or below the arrow in the equation.

For example,

         sunlight

2AgCl
(s)

   –––––g 2 Ag 
(s)

 + Cl
2(g)

       Sunlight

6CO
2 (g)

+ 6 H
2
O 

(l)
     –––––g C

6
H

12
O

6
 
(s)

  + 6O
2
 
(g)

    
  Chlorophyll

        
(glucose)

2.3 Interpreting a balanced chemical equation

i ) A chemical equation gives information about the reactants and

products through their symbols and formulae.

ii) It gives the ratio of molecules of reactants and products.

iii) As molecular masses are expressed in ‘Unified Masses’ (U), the

relative masses of reactants and products are known from the

equation.

iv) If the masses are expressed in grams then the equation also gives

the molar ratios of reactants and products.

v) If gases are involved, we can equate their masses to their volumes

and calculate the volumes or those gases liberated at given condition

of temperature and pressure using molar mass and molar volume

relationship.
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2.2.2 �w�� eÖsÁTÎ\qT Ôî*jáTCñjáTT³
 �cÍ��� $&�T<�\ #ûd�Öï È]¹> #ásÁ«\qT �w��yîÖ#á¿£ #ásÁ«\T (exothermic reac-

tions), �cÍ��� ç>·V¾²d�Öï È]¹> #ásÁ«\qT �w��ç>±V�²¿£ #ásÁ«\T (endothermic reactions)
n+{²sÁ� MTsÁT ¿ì+~ ÔásÁ>·ÔáTýË¢  HûsÁTÌÅ£�H��sÁT. ¿ì+~ �<�V�²sÁD\T >·eT�+#á+&�.

1. C
(|��T)

  +  O
2
 
(y�)

  g  CO
2 (y�)

  + Q   (�w��yîÖ#á¿£ #ásÁ«)
2. N

2 (y�)
  + O

2 (y�)
  g 2NO 

(y�)
  -  Q   (�w�� ç>±V�²¿£ #ásÁ«)

 d�MT¿£sÁD+ýË ‘Q’ �w�� Xø¿ìï� d�Öºd�Tï+~.  ç¿ìjáÖÈH�«\ yîÕ|�Ú  Å£L&�¿£ >·TsÁTï (G)
�w��yîÖ#á¿£ #ásÁ«\qT, rd¾yûÔá >·TsÁTï (`) �w��ç>±V�²¿£ #ásÁ«\qT d�Öºd�Tï+~.
2.2.3 y�jáTTeÚ $&�T<�\qT d�Öº+#á&�+

 ÿ¿£ sÁkÍjáTq #ásÁ«ýË y�jáTTeÚ $&�T<�ýÉÕÔû, <��� �|Õ¿ì #áÖ|¾d�Tïq� ÿ¿£ u²D|�Ú (
‘#’ýñ<� y�.) >·TsÁTïÔÃ d�ÖºkÍï+.

�<�: Zn 
(|��T)

 + H
2
SO

4 (ç<�)
  g  ZnSO

4 (ç<�)
  +  H

2 (y�) 
#

2.2.4 ne¹¿�|�+ @sÁÎ&�&��� d�Öº+#á&�+
 ÿ¿£ sÁkÍjáTq #ásÁ«ýË ne¹¿�|�+ @sÁÎ&�Ôû <��� ¿ì+~ yîÕ|�ÚÅ£� #áÖ|¾d�Tïq� u²D|�Ú

>·TsÁTïÔÃ ($) d�ÖºkÍï+.
�<�: AgNO

3 (È.ç<�)
  +  NaCl 

(È.ç<�)
 g  AgCl

(|��T)
 ¯ + NaNO

3 (È.ç<�)

¿=��kÍsÁT¢ � #ásÁ« ÈsÁ>·&��¿ì ned�sÁyîT®q �cþ�ç>·Ôá, |Ó&�q+, �çÔûÎsÁ¿£+ yîTT<�ýÉÕq$
u²D|�Ú >·TsÁTï ¿ì+<�>±�, �|Õq>±� d�Öº+#á&�+ ÈsÁT>·TÔáT+~.

�<�V�²sÁDÅ£�,

2.3 ÔáT\« sÁkÍjáTq d�MT¿£sÁD+ Ôî*jáTCñ�d n+Xæ\T
i) sÁkÍjáTq d�MT¿£sÁD+ ç¿ìjáÖÈq¿±\T eT]jáTT ç¿ìjáÖÈH�«\Å£� d�+�+~ó+ºq

>·TsÁTï\T, b�ÍsÁT�ý²\Å£� d�+�+~ó+ºq d�eÖ#�sÁ+ Ôî*jáTCñd�Tï+~
ii) @@ eTÖ\¿±\Å£� #î+~q |�sÁeÖDTeÚ\T #ásÁ«ýË bÍý¤ZH��jîÖ, @@ eTÖ\¿±\Å£�

#î+~q ç¿ìjáÖÈH�«\T @sÁÎ&�¦jîÖ Ôî\T|�ÚÔáT+~.
iii) ç¿ìjáÖÈq¿±\T eT]jáTT ç¿ìjáÖÈH�«\Å£� d�+�+~ó+ºq kÍ�|¿£� ç<�e«s�Xø�\ >·T]+ºq

d�eÖ#�sÁ+ Ôî\T|�ÚÔáT+~.yîÖý²sY ç<�e«s�Xø�\qT »jáTÖ��|�Õ&� ç<�e«s�¥µ(U) >± e«¿£ï|�sÁTkÍïeTT.
iv) ÿ¿£yûÞø d�MT¿£sÁD+ýË ç¿ìjáÖÈH�«\, ç¿ìjáTÈq¿±\ ç<�e«s�Xø�\qT ç>±eTT\ýË

e«¿£ï|�]�dï, n~ y�{ì yîÖý²sY �w�ÎÔáTï\qT Ôî\T|�ÚÔáT+~.
v) ÿ¿£yûÞø sÁkÍjáTq #ásÁ«ýË y�jáTTeÚ\T yî\Te&�Ôû, y�{ì ç<�e«s�Xø�\qT, |��Tq|�]eÖD²\qT

d�eÖq+ #ûd¾ y�{ì |��Tq|�]eÖD²\qT >·Dì+#�*. ýñ<� d¾�sÁ �cþ�ç>·Ô� |Ó&�H�\(STP)

e<�Ý $&�T<�ýÉÕq y�jáTTeÚ\ yîÖý²sY ç<�e«s�¥ eT]jáTT yîÖý²sY  |��Tq|�]eÖD²\
eT<ó�«>·\ d�+�+<ó�+ <�Çs� ýÉ¿ìØ+#�*.

2AgCl
(|��T)

   –––––g 2 Ag 
(|��T)

 + Cl
2(y�)

6CO
2 (y�) 

+ 6 H
2
O 

(ç<�)
      –––––g C

6
H

12
O

6
 
(|��T)

 + 6O
2
 

(y�)
 (>·Ö¢¿ÃE)

d�ÖsÁ«¿±+Ü

d�ÖsÁ«¿±+Ü
¿Ã¢sÃ|�¾ýÙ
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vi) Using molar mass and Avagadro’s number we can calculate the

number of molecules and atoms of different substances from the

equation.

It gives information about relative masses of reactants and products.

from the equation we get,

a) mass - mass relationship

b) mass - volume relationship

c) volume - volume relationship

d) mass - volume - number of molecules relationship etc.,

Example-1: Al 
(s)

 + Fe
2
O

3 (s)
    g Al

2
O

3 (s)  
+   Fe 

(s)

(atomic masses of Al = 27U, Fe = 56U, and O = 16U)

2Al 
(s)

        + Fe
2
O

3 (s)
       g Al

2
O

3 (s)  
            +   2Fe 

(s) 
, (is a balanced equation.)

(2x27)U   + (2x56+3x16)U   g   (2x27+3x16)U  +  (2x56)U

54 U      +   160 U   g 102 U +  112 U (in Atomic mss units.)

or 2 mol   +   1 mol   g 1 mol              +  2 mol (in Atomic mss units.)

54 g      +   160 g   g 102 g +  112 g (in Atomic mss units.)

Suppose that you are asked to calculate the amount of aluminium,

required to get 1120 kg of iron by the above reaction.

Solution: As per the balanced equation

Aluminium g Iron

54 g g 112 g

xg g (1120 x 1000)g

  (1120x1000)g x 54 g
\ x g = ––––––––––––––––––

   112 g

           =  10000 x 54 g

     =  540000 g   or   540 kg

\ to get 1120 kg of iron we have to use 540 kg of aluminium.

Example-2: Calculate the volume, mass and number of molecules of

hydrogen liberated when 230 g of sodium reacts with excess of water at

STP.(atomic masses of Na = 23U, O = 16U, and H = 1U)

The balanced equation for the above reaction is,

      2Na 
(s)

+ 2H
2
O

 (l)
g 2NaOH

 (aq)
+ H

2
 
(g)
#

(2x23)U +   2(2x1+1x16)Ug 2(23+16+1)U + (2x1)U
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sÁkÍjáT�¿£ #ásÁ«\T ̀  d�MT¿£sÁD²\T$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

vi) yîÖý²sY ç<�e«s�¥ eT]jáTT ne>±ç&Ã d�+K«qT �|�jîÖÐ+º d�MT¿£sÁD+ýË�  $$<ó�
|�<�s��\ nDTeÚ\T, |�sÁeÖDTeÚ\ d�+K«qT ýÉ¿ìØ+#áe#áTÌ.
�~ ç¿ìjáÖÈq¿±\ eT]jáTT ç¿ìjáÖÈH�«\ kÍ�|¿£� ç<�e«s�Xø�\ >·T]+ºq d�eÖ#�sÁ+

�d�Tï+~.n+fñ sÁkÍjáT�¿£ d�MT¿£sÁD+ <�Çs� ¿ì+~ d�+�+<ó�\qT >·T]+º Ôî\Td�T¿Ãe#áTÌ.
m) ç<�e«s�¥ ` ç<�e«s�¥ d�+�+<ó�+
_) ç<�e«s�¥`|��Tq|�]eÖD+ d�+�+<ó�+
d¾) |��Tq|�]eÖD+ ` |��Tq|�]eÖD+ d�+�+<ó�+
&�) ç<�e«s�¥ ` |��Tq|�]eÖD+, nDTeÚ\ d�+K«\ eT<ó�« d�+�+<ó�+ yîTTööq$

�<�V�²sÁD 1: Al 
(|��T)

 + Fe
2
O

3 (|��T)
g Al

2
O

3 (|��T)  
+   Fe 

(|��T)

(|�sÁeÖDT ç<�e«s�Xø�\T Al = 27U, Fe = 56U,   eT]jáTT O = 16U)

2Al 
(|��T)

       + Fe
2
O

3 (|��T)
 g Al

2
O

3 (|��T) 
+   2Fe

(|��T) 
 (�~ ÿ¿£ ÔáT\« d�MT¿£sÁD+)

(2x27)U   + (2x56+3x16)U  g   (2x27+3x16)U  +  (2x56)U

54 U  +   160 U      g   102 U +  112 U (|�sÁeÖDT ç<�e«s�¥ jáTÖ�³¢ýË)
or 2 mol   +   1 mol     g  1 mol    +  2 mol (|�sÁeÖDT ç<�e«s�¥ yîÖ\TýË)
54 ç>±.    +   160 ç>±.      g  102 ç>±.+ 112 ç>±. (|�sÁeÖDT ç<�e«s�¥ ç>±eTT\ýË)

�<�V�²sÁDÅ£� 1120 ¿ì.ç>± �qTeTTqT s��fñ¼+<�TÅ£� m+Ôá |�]eÖD+>·\
n\Ö«$T�jáT+ ned�sÁeTeÚÔáT+<Ã �|Õ d�MT¿£sÁD+ �<ó�sÁ+>± ýÉ¿ìØ+#á+&�.
kÍ<ó�q :ÔáT\« d�MT¿£sÁD+ ç|�¿±sÁ+,

n\Ö«$T�jáT+ g �qTeTT

                 =  10000 x 54 ç>±
       =  540000 ç>± ýñ<�  540 ¿ì.ç>±

\ 1120 ¿ìç>±. �qTeTT s��fñ ¼+<�TÅ£� 540 ¿ì.ç>±. n\Ö«$T�jáT+
ned�sÁeTeÚÔáT+<�q�eÖ³.
�<�V�²sÁD 2:  STP e<�Ý 230 ç>± kþ&�jáT+ n~ó¿£ ú{ìÔÃ #ásÁ« bõ+~q|�ð&�T $&�T<�ýÉÕq
�VÕ²ç&ÃÈH� |��Tq|�]eÖD+, ç<�e«s�¥ eT]jáTT nDTeÚ\ d�+K«qT >·Dì+#á+&�.(Na |�sÁeÖDT
ç<�e«s�¥23U, O  |�sÁeÖDT ç<�e«s�¥16U, eT]jáTT H |�sÁeÖDT ç<�e«s�¥ 1U)

�|Õ #ásÁ«Å£� ÔáT\«d�MT¿£sÁD+,
      2Na 

(|��T)
+ 2H

2
O

 (ç<�)
g 2NaOH

 (ç<�)
+ H

2
 
(y�)
#

(2x23)U +   2(2x1+1x16)U g 2(23+16+1)U   + (2x1)U

54  ç>± g 112 ç>±
x ç>± g (1120 x 1000) ç>±

  (1120x1000)g x 54 ç>±
\x  ç>±  = –––––––––––––––––

 112 ç>±
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    46 U + 36 U g 80 U + 2 U

or 46 g +    36 g g 80 g + 2 g

Solution: As per the balanced equation:

46 g of Na gives 2g of hydrogen

230g of Na gives ______? g of hydrogen.

   230 g x 2g
           –––––––––––   = 10g of hydrogen

       46 g

1 gram molar mass of any gas at STP i.e, standard temperature 273K

and standard pressure 1 bar (760 mm of Hg) occupies 22.4 litres known as

gram molar volume.

\  2.0g of hydrogen occupies 22.4 litres at STP.

10.0g of hydrogen occupies ........? litres at STP.

     10.0g x 22.4 litres
––––––––––––––––– = 112 litres
                2.0g

2 g of hydrogen i.e, 1 mole of H
2 
contains 6.02x1023 (N

A
) molecules

10 g of hydrogen contain ....................?

     10.0g x 6.02x1023 molecules
–––––––––––––––––––––––––
                        2.0g

= 30.10 x 1023 molecules

= 3.01 x 1024 molecules

Example 3 : Calculate the volume and No. of molecules of CO
2
 liberated

at STP. If 50 g. of CaCO
3
 is treated with dilute hydrochloric acid which

contains 7.3 g of dissolved HCl gas.

The Chemical equation for the above the reaction is

 CaCO
3(S)

 + 2HCl
(aq)

 g CaCl
2(aq)

 + H
2
O

 (l)
 + CO

2(g)

As per the metric staichio equation 100g of CaCO
3
 reacts with 73g

of HCl to liberate 44 g of CO
2

In the above problem the amount of CaCO
3
 taken is 50g and HCl

availble is 7.3g.

100g of CaCO
3
 require  73g of HCl and 50g of CaCO

3
 required

36.5g of HCl but, only 7.3g of HCl is available.

Hence the product CO
2
 formed depends only on the amount of HCl

which is in the least amount but not on the amount of CaCO
3
 which is an

excess.

The reactant available in less amount is called limiting reagent as

it limits the amount of product formed.
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sÁkÍjáT�¿£ #ásÁ«\T ̀  d�MT¿£sÁD²\T$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

    46 U+ 36 U g 80 U + 2 U

ýñ<� 46 ç>±. +    36 ç>±. g 80 ç>±. + 2 ç>±.
kÍ<ó�q : ÔáT\« d�MT¿£sÁD+ ç|�¿±sÁ+,

46 ç>± kþ&�jáT+  2ç>± �VÕ²ç&ÃÈH�qT ��dï,

230ç>± kþ&�jáT+ _____    ? ç>±. \ �VÕ²ç&ÃÈH�qT �d�Tï+~?

d¾�sÁ �cþ�ç>·Ô� |Ó&�H�\T nq>± 273K, 1 u²sY (760 MT.MT) |Ó&�q+ e<�Ý 1 ç>±eTT
yîÖý²sY ç<�e«s�¥ >·\ @<îÕH� y�jáTTeÚ 22.4 © |��Tq|�]eÖD+ ¿£*Ð �+³T+~. B�Hû
»ç>±y�T yîÖý²sY |��Tq |�]eÖD+µ  (Gram molar volume ) n+{²sÁT.
\ 2.0 ç>± �VÕ²ç&ÃÈqT 22.4 © �ç¿£$Td�Tï+~. (STP e<�Ý)

10.0 ç>± �VÕ²ç&ÃÈH� .............© �ç¿£$Td�Tï+~ (STP e<�Ý)

2 ç>± �VÕ²ç&ÃÈqT, n+fñ 1 yîÖýÙ �VÕ²ç&ÃÈH� y�jáTTeÚ 6.02x1023 nDTeÚ\qT (N
A
)

¿£*Ð �+³T+~. 10 ç>± �VÕ²ç&ÃÈqT  ....................?

�<�V�²sÁD 3 : 50 ç>±eTT\ ¿±*üjáT+ ¿±sÃÒHû{Ù (CaCO
3
) 7.3 ç>±eTT\ d�È\

�VÕ²ç&Ã¿Ã¢]¿ù �eT¢+ÔÃ d¾�sÁ �cþ�ç>·Ôá |Ó&�H�\ e<�Ý #ásÁ« È]|¾q|�ð&�T yî\Te&�q ¿±sÁÒH�
&îÕ �Â¿Õà&� |��Tq|�]eÖD+, nDTeÚ\ d�+K«qT ýÉ¿£Ø>·³¼+&�.
kÍ<ó�q : �|Õq �eÇ�&�q sÁkÍjáTq #ásÁ«Å£� d�MT¿£sÁD+.

CaCO
3
 
(|��T)

 + 2HCl 
(È.ç<�) 
g CaCl

2
 
(È.ç<�)

 + H
2
O 

(ç<�)
 + CO

2
 
(y�)

�d¼í¿Ã« yîTç{ì¿ù d�MT¿£sÁD+qT nqTd�]+º 100 ç>±. CaCO
3
, 73 ç>±.  HCl ÔÃ

#ásÁ« È]|¾ 44 ç>±. CO
2 
yî\Te&�TÔáT+~.

�|Õq �eÇ�&�q d�eTd�«ýË 50 ç>±. ¿±*üjáT+ ¿±sÃÒHû{ÙÔÃ #ásÁ« ÈsÁ|�&��¿ì 7.3
ç>±eTT\ HCl n+<�Tu²³TýË �+~.

100 ç>±eTT\ ¿±*üjáT+ ¿±sÃÒHû{ÙÔÃ #ásÁ« ÈsÁ|�&��¿ì 73 ç>±eTT\ HCl ned�sÁ+.
¿±� 7.3 ç>±eTT\ HCl n+<�Tu²³TýË �+~. n+fñ HCl ÔáÅ£�Øe>± �q�~. ¿±*üjáT+
¿±sÃÒHû{Ù mÅ£�Øe>± �q�~. HCl qT $TÔá¿±sÁ¿£+ n+{²sÁT. sÁkÍjáTq #ásÁ« <�Çs�
¿±sÁÒH� &îÕ �Â¿Õà&� @sÁÎ&�³+ ¹¿e\+ HCl |�]eÖD+ MT<� �<ó�|�&� �+~.

10.0ç>± x 6.02x1023 nDTeÚ\T
2.0ç>±

= 30.10 x 1023 eÚ\T = 3.01 x 1024 eÚ\T

10.0ç>± x 22.4 ©
2.0ç>±

= 112 ©

230 ç>± x 2ç>±
46 ç>±

= 10 ç>± �VÕ²ç&ÃÈH
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73 g of HCl g release 44 g of CO
2

7.3 g of HCl  - ?

7.3g x 44g
                    –––––––––––  = 4.4 g

73g

44 g of CO
2
 occupies 22.4 L volume at STP

How much valume does 4.4 g of CO
2
 occupies - ?

4.4g x  22.4 litres
                    –––––––––––  = 2.24 litres

44g

44 g of CO
2
 contain 6.022x1023  molecules of CO

2

4.4 g Contains - ?

                            4.4g x 6.022 x 1023

            –––––––––––––––                  = 6.022 x 1022  molecules
44 g

· A Chemical equation is the symbolic representation of a chemical change.

· A balanced chemical equation explains about reactants, products and their physical states during

the reaction.

· A chemical equation should always be balanced according to the Law of conservation of mass.

· The chemical reaction in which heat is absorbed are called endothermic reactions and in which heat

is evolved are exothermic reactions.

· A chemical equation containing simply symbols of elements and molecular formulae of the substances

without balancing is known as primary or skeleton equation.

· The symbols of elements and formulae of the compounds should not be changed but only their co-

efficient should be altered while balancing the chemical equation.

· Co-efficient should be least possible whole numbers.

Key words

Reactants, products, exothermic reaction, endothermic reaction Physical and chemical

changes  Primary or skelton Equation unit forumula, Precipitation, Co-efficient,

atomic mass, standard temperature and pressure (STP) molar mass, avagadro’s number,

gram molar volume.
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sÁkÍjáT�¿£ #ásÁ«\T ̀  d�MT¿£sÁD²\T$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

73 ç>±eTT\  HCl g 44 ç>±eTT\ CO
2 
qT $&�T<�\ #ûd�Tï+~.

7.3 ç>±eTT\ HCl  ?

7.3 x 44
                    –––––––––––  = 4.4 ç>±.

73

44 ç>±eTT\ CO
2
 22.4 ©. �ç¿£$Td�Tï+~. (d¾�sÁ �cþ�ç>·Ôá |Ó&�H�\ e<�Ý)

4.4 ç>±eTT\T CO
2
 m+Ôá |��Tq |�]eÖD+ �ç¿£$Td�Tï+~?

4.4 ç>± x  22.4 ©
                 ––––––––––––  = 2.24 ©.

44 ç>±

44 ç>±eTT\ CO
2
 ýË 6.022 x 1023  nDTeÚ\T �+{²sTT.

4.4 ç>±eTT\ CO
2 
ýË m�� nDTeÚ\T �+{²sTT?

                        4.4 ç>± x 6.022 x 1023

          –––––––––––––––    = 6.022 x 1022  nDTeÚ\T.
44 ç>±

sÁkÍjáTq d�MT¿£sÁD+ sÁkÍjáTq eÖsÁTÎqT d�Öºd�Tï+~.
ÿ¿£ sÁkÍjáTq d�MT¿£sÁD+ ÔáT\«yîT®q<�� #î|�Î&��¿ì, <��ýË� $$<ó� eTÖ\¿£ |�sÁeÖDTeÚ\ d�+K« �sÁTyîÕ|�Úý²
d�eÖq+>± �+&�*.
ç<�e«�Ôá«ÔáÇ �jáTeT+ nqTd�]+º sÁkÍjáTq d�MT¿£sÁD+ m\¢|�ð&�Ö ÔáT\«yîT® �+&�*.
ÿ¿£ sÁkÍjáTq #ásÁ«ýË yû&�� ç>·V¾²�dï »�w��ç>±V�²¿£ #ásÁ«µ, �cÍ��� ¿ÃýËÎÔû »�w��yîÖ#á¿£ #ásÁ«µ n+{²sÁT.
sÁkÍjáTq #ásÁ«ýË ¹¿e\+ eTÖ\¿£ d�+¹¿Ô�\T eT]jáTT nDTb�ÍsÁT�ý²\T eÖçÔáyûT �+fñ n~ kÍ<ó�sÁD sÁkÍjáTq
d�MT¿£sÁD+.
sÁkÍjáTq #ásÁ«ýË eTÖ\¿£ d�+¹¿Ô�\T eT]jáTT nDT b�ÍsÁT�ý²\qT eÖsÁÌÅ£L&�<�T. ¹¿e\+ y�{ì >·TD¿±\qT
eÖçÔáyûT d�]#ûjáÖ*
>·TD¿£+ kÍ<ó�«yîT®q+ÔáesÁÅ£� ¿£�w�÷ |�Ps��+¿£+>± �+&�*.

¿¡\¿£ |�<�\T
ç¿ìjáÖÈq¿±\T, ç¿ìjáÖÈH�«\T, �w��yîÖ#á¿£ #ásÁ«, �w��ç>±V�²¿£ #ásÁ«, uó�Ü¿£ eT]jáTT sÁkÍjáTq
eÖsÁTÎ\T, çbÍ<̧�$T¿£ d�MT¿£sÁD+, b�ÍsÁT�ý² jáTÖ�{Ù, ne¹¿�|�+, >·TD¿£+, |�sÁeÖDT ç<�e«s�¥, d¾�sÁ
�cþ�ç>·Ôá |Ó&�H�\T (STP) , yîÖý²sY ç<�e«s�¥, ne>±ç&Ã d�+K«, ç>±eTT yîÖý²sY |��Tq|�]eÖD+.

eTq+ @+ HûsÁTÌÅ£�H��+?
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I. Reflections on concepts

1. What information do you get from a balanced chemical equation? (AS
1
)

2. Why should  we balance a chemical equation?  (AS
1
)

3. Balance the following chemical equations.  (AS
1
)

(a) NaOH+ H
2
SO

4 
gNa

2
SO

4 
+H

2
O

(b) KClO
3
gKCl + O

2

(c) Hg (NO
3
)

2
+ KI gHgI

2
+KNO

3

4. Mention the physical states of the reactants and products of the following chemical reactions and

balance the equations. (AS
1
)

(a) C
6
H

12
O

6
 g C

2
H

5
OH + CO

2

(b) NH
3
 + Cl

2
 g N

2
 + NH

4
Cl

(c) Na + H
2
O g NaOH + H

2

II. Application of Concepts

1. Balance the following chemical equation after writing the symbolic representation. (AS
1
)

(a) Calcium hydroxide (s) + Nitric acid (aq) g Water (l) + Calcium Nitrate (aq)

(b) Magnesium (s) + lodine (g) g Magnesium lodide (s)

2. Write the following chemical reactions including the physical states of the substances and balance

chemical equations. (AS
1
)

(a) Sodium Hydroxide reacts with Hydrochloric acid to form Sodium Chloride and Water.

(b) Barium Chloride reacts with liquid Sodium Sulphate to leave Barium Sulphate as a precipitate

and also form liquid Sodium Chloride.

III. Higher Order Thinking Questions

1. 2 moles of Zinc reacts with a cupric choloride solution containing 6.023x1022

formula units of CuCl
2
 Calculate the moles of copper obtained  (AS

1
)

Zn
(s)

 + CuCl
2(aq)

 g ZnCl
2(aq)

 + Cu
(s)

2. 1 mole of propane (C
3
H

8
) on combustion at STP gives ‘A’ kilo joules of heat energy.

Caliculate the heat libarated when 2.4 ltrs of propane on combustion at STP.  (AS
1
)

3. Caliculate the mass and volume of oxygen required at STP to convert 2.4 kg of   graphite

into carbon dioxide. (AS
1
)

Improve your learning
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sÁkÍjáT�¿£ #ásÁ«\T ̀  d�MT¿£sÁD²\T$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

I. uó²eq\�|Õ ç|�Üd�Î+<�q\T:
1. ÔáT\« sÁkÍjáTq d�MT¿£sÁD+ mý²+{ì d�eÖ#�sÁ+ �d�Tï+~?  (AS

1
)

2. sÁkÍjáTq d�MT¿£sÁD²\qT m+<�TÅ£� ÔáT\«+ #ûjáÖ*? (AS
1
)

3. ¿ì+~ sÁkÍjáTq d�MT¿£sÁD²\qT ÔáT\«+ #ûjáT+&�.  (AS
1
)

m) NaOH   +   H
2
SO

4   
 g   Na

2
SO

4
  +  H

2
O

_) KClO
3 
    g KCl    +   O

2

d¾) Hg (NO
3
)

2
  +   KI    g HgI

2
 +  KNO

3

4. ç¿ì+~ sÁkÍjáTq d�MT¿£sÁD²\ uó�Ü¿£ d¾�Ü #áÖ|�ÚÔáÖ d�MT¿£sÁD²\qT ÔáT\«+ #ûjáT+&�. (AS
1
)

m) C
6
H

12
O

6
 g C

2
H

5
OH + CO

2

_) NH
3
 + Cl

2
 g N

2
 + NH

4
Cl

d¾) Na + H
2
O g NaOH + H

2

II. uó²eq\ nqTesÁïH�\T

1. ¿ì+~ y�{ì¿ì ÔáT\« sÁkÍjáTq d�MT¿£sÁD+ s�jáT+&�. (AS
1
)

m) ¿±*üjáT+ �VÕ²ç&�Â¿Õà&�
(È.ç<�)

 G HîÕç{ì¿ù �eT¢+
(È.ç<�)

 g úsÁT
(ç<�) 
 G ¿±*üjáT+ HîÕçfñ{Ù

(È.ç<�)

_) yîT^�w¾jáT+
(|��T) 

G njîÖ&�H� 
(y�)
g

 
 yîT^�w¾jáT+ njîÖ&îÕ&� 

(|��T)

2. ¿ì+~ sÁkÍjáTq #ásÁ«\ uó�Ü¿£ d¾�Ü #áÖ|�ÚÔáÖ d�MT¿£sÁD²\qT s�d¾ ÔáT\«+ #ûjáT+&�. (AS
1
)

m) kþ&�jáT+ �VÕ²ç&�Â¿Õà&� �VÕ²ç&Ã¿Ã¢]¿ù �eT¢+ÔÃ #ásÁ« È]|¾ kþ&�jáT+ ¿Ã¢ÂsÕ&� eT]jáTT ú{ì� @sÁÎd�Tï+~.
_) uñ]jáT+ ¿Ã¢ÂsÕ&� eT]jáTT ç<�e kþ&�jáT+ d�ýñÎÛ{Ù #ásÁ« H=+~ uñ]jáT+ d�ýñÎÛ{Ù ne¹¿�|�+ eT]jáTT

ç<�e kþ&�jáT+ ¿Ã¢ÂsÕ&�\qT @sÁÎsÁTd�Tï+~.

III. �ýË#áH�Ôá�¿£ ç|�Xø�\T

1. 2 yîÖýÙ\ �+¿ù 6.023x1022  b�ÍsÁT�ý² jáTÖ�{Ù\ Å£L«ç|¾¿ù ¿Ã¢ÂsÕ&� ç<�eD+ (CuCl
2
) ÔÃ #ásÁ«

È]|¾q|�ð&�T yî\Te&û ¿±|�sY ýÉ¿£Ø>·³¼+&�. (AS
1
)

Zn 
(|��T)

 + CuCl
2
 
(È.ç<�)

 g ZnCl
2
 
(È.ç<�)

 + Cu
(|��T)

2. 1 yîÖýÙ çbõ�|H� (C
3
 H

8
) qT eT+&�+ºq|�ð&�T ‘A’ ¿ìýË C�ýÙà �w��Xø¿ìï $&�T<�\sTT«+~. 2.4 ©³sÁ¢

çbõ�|H�qT d¾�sÁ �cþ�ç>·Ôá |Ó&�H�\ e<�Ý eT+&�+ºq|�ð&�T yî\Te&û �w��Xø¿ìï� ýÉ¿£Ø>·³¼+&�. (AS
1
)

3. d¾�sÁ �cþ�ç>·Ôá |Ó&�H�\ e<�Ý 2.4 Kg \ ç>±�|�Õ{ÙqT ¿±sÁÒH� &îÕ �Â¿Õà&�>± eÖsÁÌ&��¿ì ¿±e\d¾q
�¿ìàÈH� ç<�e«s�¥� eT]jáTT |��Tq|�]eÖD²\qT ýÉ¿ìØ+#á+&�.(AS

1
)

nuó�«d�H��� yîTsÁT>·T|�sÁ#áTÅ£�+<�+
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In class VII you learnt about acids, bases and salts.

You know that  acids are sour to taste and turn blue litmus to red, bases

are soapy to touch and turn red litmus to blue.

You noticed that the person suffering from a problem of acidity, takes

antacid tonic or chewing tablets.

· What checmical reaction takes place ?

There are many natural materials like litmus, extract of red cabbage,

turmeric solution and extracts of coloured petals of some flowers contain

dye molecules which are weak acids or bases. These can be used as acid-

base indicators to detect the nature of the solution for acidity or basicity.

In adition to the above natural acid-base indicators, there are some synthetic

indicators such as methyl orange and phenolphthalein that can be used to

test for acids and bases.

In this chapter you study the reactions of acids and bases. How do

acids neutralize bases? Many more interesting activities that we use and

see in our day-to-day life are also studied.

Acids, Bases

and Salts3

CHAPTER

Litmus solution is a dye extracted from lichen, a plant belonging to the

division of Thallophyta and is used as indicator. In neutral solution litmus

colour is purple. Coloured petals of some flowers such as Hydrangea,

Petunia and Geranium are also used as indicators.

Do you know?
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�eÖ¢\T, ¿�±s�\T eT]jáTT \eD²\ >·T]+º MTsÁT 7e ÔásÁ>·ÜýË HûsÁTÌÅ£��
�H��sÁT.

�eÖ¢\T sÁTº¿ì |�Ú\¢>± �+{²sTT, eT]jáTT ú* *³�dtqT mçsÁ>± eÖsÁTkÍïsTT. ¿�±s�\T
C²sÁT&�T d�Çuó²y��� ¿£*Ð �+&�, msÁT|�Ú *³�dtqT ú* sÁ+>·TÅ£� eÖsÁTkÍïsTT n� MTÅ£� Ôî\Td�T.

md¾&�{ì (acidity) d�eTd�«ÔÃ u²<ó�|�&�TÔáT+&ûy�sÁT jáÖ+{²d¾&� ç<�eD+ Ô�>·&�+ ýñ<�
eÖçÔá\T #á|�Î]+#á&��� MTsÁT >·eT�+#û �+{²sÁT ¿£<�.

·  � d�+<�sÁÒÛ+ýË @ sÁkÍjáTq #ásÁ« ÈsÁT>·TÔáT+<�� MTsÁT uó²$d�TïH��sÁT?

ç|�¿£�ÜýË d�V�²Èd¾<�Æ+>± \_ó+#û *³�dt, Âs&� ¿±«uñ� sÁd�+, |�d�T|�Ú úsÁT eT]jáTT
sÁ+>·T |�ÚcÍÎ\ �¿£sÁü¿£ |�çÔ�\ sÁkÍ\T yîTT<�\>·Tq$ �\VÓ²q �eT¢ ýñ<� ¿�±sÁ d�+�+<ó�yîT®q
Je nDTeÚ\qT ¿£*Ð �+{²sTT. M{ì�  ç<�eD²\ �eT¢, ¿�±sÁ d�Çuó²y��� |�̄ ¿ì�+#á&��¿ì
�eT¢̀ ¿�±sÁ d�Öº¿£\T>± �|�jîÖÐ+#áT¿Ãe#áTÌ. M{ìÔÃbÍ³T $T<̧îÕýÙ �Âs+CÙ, |�¾H�|��ï©H�
e+{ì sÁkÍjáT�¿£ d�Öº¿£\T (synthetic indicators) Å£L&� �eT¢, ¿�±sÁ d�Çuó²y��� |�̄ ¿ì�+#á&��¿ì
�|�jîÖ>·|�&�Ô�sTT.

� bÍsÄÁ+ýË MTsÁT �eÖ¢\T, ¿�±s�\ #ásÁ«\qT >·T]+º, �eÖ¢\T @ $<ó�+>± ¿�±s�\qT
Ôá³dÓ�¿£]kÍïjáTHû n+Xø+ >·T]+º <îÕq+~q J$Ôá+ýË eTq+ �|�jîÖÐ+#û, >·eT�+#û nHû¿£
�d�¿ìï¿£sÁ ¿£�Ô�«\ >·T]+º Ôî\Td�TÅ£�+{²sÁT.

1

n<ó�«jáT+

3 �eÖ¢\T, ¿�±s�\T, \eD²\T

MTÅ£� Ôî\TkÍ?
ýÉÕÂ¿H� nHû (Lichen) yîTT¿£Ø <¸�ýË�|�Õ{² es�Z�¿ì #î+~q~. B� qT+&� �d¿£]+ºq
sÁ+ÈqyûT (dye) *³�dt. Ôá³d�� ç<�eD+ýË B� sÁ+>·T eTT<�TsÁT }<� (purple).
�VÕ²ç&�+�jáÖ (Hydrangea), |¾³Ö�jáÖ (Petunia) eT]jáTT CÉ¹s�jáT+ (Geranium)

e+{ì yîTT¿£Ø\ jîTT¿£Ø sÁ+>·T |�P\ �¿£sÁü¿£ |�çÔ�\T Å£L&� d�Öº¿£\T>± �
|�jîÖ>·|�&�Ô�sTT.
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3.1 Chemical properties of Acids and Bases

Response of various laboratory substances with indicators.

Activity  1

Collect the following samples from the science laboratory;

hydrochloric acid (HCl), sulphuric acid (H
2
SO

4
), nitric acid (HNO

3
),

acetic acid (CH
3
COOH), sodium hydroxide (NaOH), calcium hydroxide

[Ca(OH)
2
], magnesium hydroxide [Mg(OH)

2
],ammonium hydroxide

(NH
4
OH) and potassium hydroxide (KOH), prepare dilute solutions of

the respective substances.

Take four watch glasses and put one drop of the first solution in each

one of them and test the solution as follows.

i. dip the blue litmus paper in the first watch glass.

ii. dip the red litmus paper in the second watch glass.

iii. add a drop of methyle organge to the third watch glass, and

iv. add a drop of phenolphthalein to the fourth watch glass.

Observe the respective colour changes and note down in Table-1.  Do

the same with all the above dilute solutions.

Table-1

· What do you conclude from the observations noted in table-1?

· Identify the sample as acidic or basic solution.

Sample

solution

Red litmus
paper

Blue litmus
paper

Phenolphthalein

solution

Methyl
orange

solution

1 HCl

2 H
2
SO

4

3 HNO
3

4 CH
3
COOH

5 NaOH

6 KOH

7 Mg(OH)
2

8 NH
4
OH

9 Ca(OH)
2

S.No.
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3.1 �eÖ¢\T, ¿�±s�\ sÁkÍjáTq <ó�s��\T (Chemical Properties of Acids and Bases)

d�Öº¿£\ÔÃ $$<ó� sÁkÍjáTq |�<�s��\ ç|�Üd�Î+<�q @$<ó�+>± �+³T+<Ã |�]o*<�Ý+.

MT �dÕH�à ç|�jîÖ>·Xæ\ qT+&� �VÕ²ç&Ã¿Ã¢]¿ù �eT¢+ (HCl), d�\ÖÎÛ«]¿ù �eT¢+ (H
2
SO

4
),

qçÜ¿±eT¢+ (HNO
3
), md¾{ì¿ù �eT¢+ (CH

3
COOH), kþ&�jáT+ �VÕ²ç&�Â¿Õà&� (NaOH), ¿±*üjáT+

�VÕ²ç&�Â¿Õà&� (Ca(OH)
2
), yîT^�w¾jáT+ �VÕ²ç&�Â¿Õà&� Mg(OH)

2
, nyîÖ��jáT+ �VÕ²ç&�Â¿Õà&�

(NH
4
OH), bõ{²w¾jáT+ �VÕ²ç&�Â¿Õà&� (KOH) \qT �d¿£]+º y�{ì jîTT¿£Ø d�È\ ç<�eD²\qT

ÔájáÖsÁT #ûjáT+&�.

H�\T>·T y�#Y>±¢d�T (watch glass)\qT rd�T¿=� ç|�Ü y�#Y>±¢d�T�|Õ ÿ¿=Ø¿£Ø #áT¿£Ø #=|�ðq
ÿ¿£ ç<�eD²�� rd�T¿=� y�{ì� ¿ì+<� d�Öº+ºq $<ó�+>± |�̄ ¿ì�+#á+&�.

i. yîTT<�{ì y�#Y>±¢d�TýË �q� ç<�eD|�Ú _+<�TeÚqT ú* *³�dt �||�sÁTÔÃ n<�Ý+&�.
ii. Âs+&�e y�#Y>±¢d�TýË �q� ç<�eD|�Ú _+<�TeÚqT mçsÁ *³�dt �||�sÁTÔÃ n<�Ý+&�.
iii. eTÖ&�e y�#Y>±¢d�TýË� ç<�eD²�¿ì ÿ¿£Ø #áT¿£Ø $T<̧îÕýÙ �Âs+CÙqT ¿£\|�+&�.
iv. H�\Ze y�#Y>±¢d�TýË� ç<�eD²�¿ì ÿ¿£ #áT¿£Ø |�¾H�|��ï©H�qT ¿£\|�+&�.
�jáÖ d�+<�s�ÒÛ\ýË sÁ+>·T\ýË e#ûÌ eÖsÁTÎ\qT >·eT�+º, |�{ì¼¿£̀ 1ýË qyîÖ<�T #ûjáT+&�.

�<û $<ó�+>± MTsÁT ÔájáÖsÁT #ûd¾q d�È\ ç<�eD²\��+{ì� |�̄ ¿ì�+#á+&�.
|�{ì¼¿£̀ 1

· |�{ì¼¿£̀ 1ýË qyîÖ<�T #ûd¾q |�]o\q\ qT+&� MT¹s$T �s�Æ]kÍïsÁT?
· �|Õ ç<�eD²ýË¢ �eT¢, ¿�±sÁ ç<�eD²\qT >·T]ï+#á+&�.

¿£�Ôá«+  1

1 HCl

2 H
2
SO

4

3 HNO
3

4 CH
3
COOH

5 NaOH

6 KOH

7 Mg(OH)
2

8 NH
4
OH

9 Ca(OH)
2

qeTÖH�
ç<�eD+

ú* *³�dt mçsÁ *³�dt $T<̧îÕýÙ �Âs+CÙ
ç<�eD+

|�¾H�|��ï©H�
ç<�eD+

ç¿£.
d�+.
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There are some substances whose odour changes in acidic or basic

media. These are called olfactory indicators. Let us work with some of

such indicators.

Activity  2

Put some finely chopped onions in a plastic bag along with some clean

cloth. Tie up the bag tightly and keep it overnight in the fridge. The cloth

strips can now be used to test for acid or base.

- Check the odour of the cloth strips.

- Keep two strips on a clean surface and put a few drops of dilute HCl

on one strip and a few drops of dilute NaOH on the other.

- Rinse both the strips separately with distilled water and again check

their odour and note the observation.

- Take some clove oil and vanilla essence.

- Take some dilute HCl in one test tube and dilute NaOH in another test

tube.

- Add a drop of dilute vanilla essence to both test tubes and stirr well

with glass rod. Check the odour and record your observations.

- Test the change of odour with clove oil using dilute HCl and dilute

NaOH and record your observations.

Suggest which of these- onion, vanilla essence and clove oil, can be

used as olfactory indicators on the basis of your observations.

· What do you conclude from above activity?

· Why pickles and sour substances are not stored in brass and copper

vessels?

Think and discuss

· Can you give example for use of olfactory indicators in daily life?

Discuss with your teacher.
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¿=��  |�<�s��\T �eT¢ eT]jáTT ¿�±sÁ jáÖq¿£+ýË yû¹sÇsÁT y�d�q\qT ç|�<�]ôkÍïsTT.
y�{ì� d�Ty�d�q (Olfactory) d�Öº¿£\T n+{²s. n³Te+{ì d�Öº¿£\ÔÃ ¿ì+~ ¿£�Ô�«��
�sÁÇV¾²<�Ý+.

d�q�>± Ôá]Ðq �*¢bÍjáT eTT¿£Ø\qT ¿=��+{ì� Xø�çuó�yîT®q ºq� >·T&�¦eTT¿£Ø\ÔÃ d�V�ä
ÿ¿£ bÍ¢d¾¼¿ù d�+ºýË �+#á+&�. d�+º eTÖÜ� _>·TÔáT>± ¿£{ì¼ s�çÔá+Ô� ç|�¾CÙ (fridge)

ýË �|³¼+&�. eTsÁTd�{ì sÃE �jáT³Å£� rjáT+&�. �eT¢, ¿�±sÁ d�Çuó²y�\qT |�̄ ¿ì�+#á&��¿ì
� ºq� >·T&�¦eTT¿£Ø\T �|�jîÖ>·|�&�Ô�sTT.

` >·T&�¦eTT¿£Ø\ y�d�qqT |�]o*+#á+&�.
` Âs+&�T >·T&�¦eTT¿£Ø\qT, Âs+&�T y�#Y>±¢d�T\�|Õ �+#á+&�. ÿ¿£ eTT¿£Ø�|Õ ¿=�� #áT¿£Ø\

d�È\ HCl qT, eTs=¿£ eTT¿£Ø�|Õ ¿=�� #áT¿£Ø\ d�È\ NaOH qT bþjáT+&�.
` Âs+&�T >·T&�¦eTT¿£Ø\qT yû¹sÇsÁT>± �dÇ<�q È\+ÔÃ �Ü¿ì (wash),  q*|¾ (rinse)

y�{ì y�d�q\T  |�]o*+º qyîÖ<�T #ûjáT+&�.
` ¿=~Ý |�]eÖD+ýË \e+>· qÖHî (clove oil) eT]jáTT yîúý² m�dH�à (vanilla

essence) \qT rd�T¿Ã+&�.
` Âs+&�T yû¹sÇsÁT |�¯¿£�H�[¿£\ýË, ÿ¿£ <��ýË ¿=�� #£££ ££ £ áT¿£Ø\T d�È\ NaOH,

eTs=¿£<��ýË d�È\ HCl \qT yûjáT+&�.
` Âs+&�T |�̄ ¿£� H�[¿£\ýËqT ÿ¿=Ø¿£Ø #áT¿£Ø #=|�ðq d�È\ yîúý² m�dH�à ¿£*|¾

|�P]ï>± ¿£sÁT>·Tq³T¢ >±E ¿£&�¦ÔÃ Å£<�T|�ÚÔáÖ y�{ì y�d�q\qT |�]o*+º qyîÖ<�T
#ûjáT+&�.

` n<û$<ó�+>± \e+>· qÖHî jîTT¿£Ø y�d�qýË� eÖsÁTÎ\qT Å£L&� d�È\ HCl

eT]jáTT d�È\ NaOH \ÔÃ |�]o*+º qyîÖ<�T #ûjáT+&�.
MTsÁT qyîÖ<�T #ûd¾q |�]o\q\ �<ó�sÁ+>± ` �*¢bÍjáT, yîúý² m�dH�à, \e+>·
qÖHî\ýË yû{ì� zýÙb�Í«¿£¼̄  d�Öº¿£\T>± �|�jîÖÐ+#áe#ÃÌ Ôî\|�+&�.
�|Õ ¿£�Ôá«+ <�Çs� MT¹s$T �sÁ�sTTkÍïsÁT?
}sÁ>±jáT\qT, |�Ú\¢� |�<�s��\qT �Ôáï&�, s�Ð e+{ì bÍçÔá\ýË m+<�TÅ£� �\Te
�+#ás�<�T?

¿£�Ôá«+  2

�ýËº+#á+&� ` #á]Ì+#á+&�

 �Ôá« J$Ôá+ýË d�Ty�d�q d�Öº¿£\ �|�jîÖ>±�� Ôî*�| eT]¿=�� �
<�V�²sÁD*eÇ+&�. y�{ì >·T]+º MT �bÍ<ó�«jáTT&�ÔÃ #á]Ì+#á+&�.
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3.1.1 Reaction of Acids and Bases with Metals

Aim: To observe the reaction of Acids with Metals.

Materials required: test tube, delivery tube, glass trough, candle,

soap water, dil. HCl, and zinc granules, cork.

Procedure: Set the apparatus as shown in fig. 1.

- Take about 10ml of dilute HCl in a test tube and add a few zinc

granules to it.

- What do you observe on the surface of the zinc granules?

- Pass the gas being evolved through the soap water.

- Why are bubbles formed in the soap solution?

- Bring a burning candle near the gas filled bubble.

- What do you observe?

You will notice the gas evolved burns with a pop sound indicating H
2
 .

The chemical reaction of the above activity is:

Acid          +   Metal g    Salt             +     Hydrogen

2 HCl 
(aq)

   +   Zn
(s)

g    Zn Cl
2
 
(aq)

   +     H
2
 
(g)

Repeat the above experiment with some other acids like H
2
SO

4
 and

HNO
3
.

· What do you observe in all these cases?

From the above activities you can conclude that generally H
2
 gas is

evolved when acid reacts with metal.

Zinc granules

HCl

H
2

Testing of hydrogen gas

Soap water

Stand

Test tube

Cork Delivery tube

fig-1: Reaction of zinc granules with dil. HCl and testing hydrogen gas by a burning candle

Glass
trough

Lab Activity
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3.1.2   ýËV�ä\ÔÃ �eÖ¢\T eT]jáTT ¿�±s�\ #ásÁ«

�<ûÝXø«+: ýËV�ä\ÔÃ �eÖ¢\ #ásÁ«.
¿±e\d¾q |�]¿£s�\T: |�̄ ¿£�H�[¿£, y�jáTT y�V�²¿£H�Þø+, >±EÔ=fÉ¼, ¿=y=ÇÜï, d��TÒ
úsÁT, d�È\ HCl, �+¿ù eTT¿£Ø\T, sÁ�ÒsÁT _sÁ&�, kÍ¼+&�.
|�<�ÆÜ:|�]¿£s�\qT |�³+`1 ýË #áÖ|¾q $<ó�+>± neTsÁÌ+&�.

` |�̄ ¿£�H�[¿£ýË 10 $T.©. d�È\ HCl qT rd�T¿Ã+&�. <��¿ì ¿=�� �+Å£�eTT¿£Ø\qT
¿£\|�+&�.

` �+¿ùeTT¿£Ø\ �|�]Ôáý²\�|Õ MT¹s$T >·eT�+#�sÁT?
` |�̄ ¿£�H�[¿£ýË yî\Te&�q y�jáTTeÚqT d��TÒ ú{ì>·T+&� |�+|�+&�.
` d��TÒ ú{ìýË �T&�>·\T m+<�TÅ£� @sÁÎ&�¦sTT?
` d��TÒ ú{ì>·T+&� e#ûÌ y�jáTT �T&�>·\ <�>·ZsÁÅ£� yî\T>·TÔáTq� ¿=y=ÇÜï�  rd�TÅ£�sÁ+&�.
` MT¹s$T >·eT�+#�sÁT?

yî\Te&�q y�jáTTeÚqT eT+&�+ºq|�Ú&�T »³|tµeTHû Xø�Ý+ s�e&��� MTsÁT
>·eT�kÍïsÁT B�� �{ì¼ yî\Te&�q y�jáTTeÚ �VÕ²ç&ÃÈH� (H

2
) y�jáTTe� #î|�Îe#áTÌ.

�|Õ ¿£�Ôá«+ jîTT¿£Ø sÁkÍjáTq #ásÁ«qT ¿ì+~ $<ó�+>± s�jáTe#áTÌ.
�eT¢+ + ýËV�²+  g \eD+ +  �VÕ²ç&ÃÈH�
2HCl

(È.ç<�)
 + Zn

(|��T)
 g ZnCl

2(È.ç<�)
+ H

2(y�)

�|Õ ¿£�Ô�«�� H
2
SO

4
, HNO

3
 e+{ì �eÖ¢\ÔÃ �sÁÇV¾²+#á+&�.

$$<ó� �eÖ¢\ÔÃ #ásÁ« �sÁÇV¾²+ºq d�+<�s�ÒÛ\ýË MT¹s$T >·T]ï+#�sÁT?
�|Õ ¿£�Ô�«���{ì¼ kÍ<ó�sÁD+>± �eÖ¢\T, ýËV�ä\ÔÃ #ásÁ«È]|¾ �VÕ²ç&ÃÈH� y�jáTTeÚqT

$&�T<�\ #ûkÍïjáT� �s�Æ]+#áe#áTÌ.

|�³+`1 $©q HCl ÔÃ �+¿ùeTT¿£Ø\ #ásÁ« eT]jáTT eT+&�TÔáTq� ¿=y=ÇÜïÔÃ �VÕ²ç&ÃÈH� y�jáTTeÚqT |�̄ ¿ì�+#áT{

�+¿ù eTT¿£Ø\T

HCl

H
2

�VÕ²ç&ÃÈH� y�jáTTeÚqT |�̄ ¿ì�+#áT³

y�jáTTy�V�²¿£ H�Þø+

d��TÒ úsÁT

kÍ¼+&�

|�¯¿£�H�[¿£

>±EÔ=fÉ¼

sÁ�ÒsÁT _sÁ&�

ç|�jîÖ>·Xæ\ ¿£�Ôá«+
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fig-2: Passing CO
2
 gas through

Ca(OH)
2
 solution

dil. HCl

acid

CO
2
 gas

Cork

Stand
Thistle

funnel

Test tube

Na
2
CO

3

Ca(OH)
2

solution

Activity   3

Place a few granules of zinc metal in one of the test tubes and add

10 ml of sodium hydroxide (NaOH) solution and warm the contents of the

test tube.

Repeat the rest of the steps as in activity-2 and record your observations.

In this activity also you will notice that evolved gas is hydrogen

(H
2
) and salt formed is sodium zincate. The reaction is written as

follows.

2 NaOH 
(aq)

   +  Zn
(s)
g      Na

2
 ZnO

2
 
(aq)

   +    H
2
 
(g)

­
                                                   (Sodium zincate)

From the above activity you can conclude that generally H
2
 gas is

evolved when base reacts with metal.

3.1.2  Reaction of acids with carbonates and metal hydrogen

carbonates

Activity 4

· Take two test tubes; label them as A and B.  Take about 0.5 gm of sodium

carbonate (Na
2
CO

3
) in test tube

A and about 0.5 gm of sodium

hydrogen carbonate (NaHCO
3
)

in test tube B.

· Add about 2 ml of dilute HCl to

both the test tubes.

· What do you observe?

· Pass the gas produced in each

case through lime water

(calcium hydroxide solution) as

shown in Fig-2 and record your observations.

The reactions occurring in the above activities are as follows:

Na
2
 CO

3
 
(S)

  +  2 HCl 
(aq)

 g  2 NaCl 
(aq)

  +  H
2
O 

(l)
 + CO

2
 
(g)

­

Delivery tube
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Xø�çuó�|�sÁºq ÿ¿£ U²° |�̄ ¿£�H�[¿£ýË ¿=�� �+¿ùeTT¿£Ø\qT rd�T¿=� <��¿ì 10 $T.©.
kþ&�jáT+ �VÕ²ç&�Â¿Õà&� (NaOH) ç<�eD²�� ¿£\|�+&�. |�̄ ¿£�H�[¿£qT yû&�#ûjáT+&�.

ç|�jîÖ>·Xæ\ ¿£�Ôá«+ýË d�Öº+ºq $<ó�+>± $TÐ*q kþbÍH�\qT �sÁÇV¾²+#á+&�. MT
|�]o\q\qT qyîÖ<�T #ûjáT+&�. � ¿£�Ôá«+ýË yî\Te&�q y�jáTTeÚ �VÕ²ç&ÃÈH� (H

2
) nú

@sÁÎ&�q \eD+ kþ&�jáT+ �+¹¿{Ù n� MTsÁT >·T]ïkÍïsÁT.  � ¿£�Ôá«+ýË È]Ðq sÁkÍjáTq
#ásÁ«qT ¿ì+~ $<ó�+>± s�jáTe#áTÌ.

2 NaOH
(È.ç<�.)

 + Zn
(|��T)

  g Na
2
 ZnO

2(È.ç<�.)
 + H

2(y�)
­

                                  (kþ&�jáT+ �+¹¿{Ù)

�|Õ ¿£�Ô�«���{ì¼ kÍ<ó�sÁD+>± ¿�±s�\T, ýËV�ä\ÔÃ #ásÁ«È]|¾ �VÕ²ç&ÃÈH� y�jáTTeÚqT
$&�T<�\ #ûkÍïjáT� �s�Æ]+#áe#áTÌ.

3.1.2  ¿±s=ÒHû³T¢ eT]jáTT ýËV�² �VÕ²ç&ÃÈH� ¿±s=ÒHû³¢ÔÃ �eÖ¢\ #ásÁ«
(Reaction of acids with carbonates and metal hydrogen carbonates)

Âs+&�T |�̄ ¿£�H�[¿£\qT rd�T¿=� y�{ì�|Õ A  eT]jáTT B n¿£�s�\qT s�d¾q ¿±ÐÔ�\qT
nÜ¿ì+#á+&�. ‘A’ |�̄ ¿£�H�[¿£ýË 0.5 ç>±. kþ&�jáT+ ¿±sÃÒHû{Ù (Na

2
CO

3
) qT, B

|�¯¿ £ �H�[¿£ýË 0.5 ç>±.
kþ& �j áT+ u É Õ¿±sÃÒH û{ Ù
(NaHCO

3
)qT rd�T¿Ã+&�.

Âs+&�T |�¯¿£ �H�[¿£\Å£� 2
$T.©. #=|�ðq d�È\ HCl

ç<�eD²�� ¿£\|�+&�.

MT¹s$T >·eT�+#�sÁT?

Âs+&�T |�̄ ¿£�H�[¿£\ýË qT+&�
y î\Te&�q y�jáTTeÚ\qT
y û ¹sÇs Á T>± d � Tq�| � ÚÔ û³
(¿±*üjáT+ �VÕ²ç&�Â¿Õà&�) <�Çs�
|�+|¾ MT |�]o\q\qT qyîÖ<�T #ûjáT+&�.

�|Õ ¿£�Ô�«\ýË È]Ðq #ásÁ«\qT ¿ì+~ $<ó�+>± s�jáTe#áTÌ.

 Na
2
CO

3(|��T)
 + 2HCl

(È.ç<�)
 g 2NaCl

(È.ç<�)
 + H

2
O

(ç<�)
 + CO

2(y�) 
­

|��{+`2 CO
2
y�jáTTeÚqT Ca(OH)

2 
ç<�eD+ >·T+&� |�+|�³+

d�È\ HCl �eT¢+

CO
2
 y�jáTTeÚ

_sÁ&�

kÍ¼+&� B¸d¾ýÙ >·s�³T

y�jáTTy�V�²¿£ H�Þø+

|�̄ ¿£�H�[¿£

Na
2
CO

3

Ca(OH)
2

ç<�eD+

¿£�Ôá«+  3

¿£�Ôá«+  4
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NaHCO
3
 
(S)

  +  HCl 
(aq)

    g NaCl 
(aq)

   +  H
2
O 

(l)
 + CO

2
 
(g)

­

Pass the gas evolved through lime water.

Ca (OH)
2
 
(aq)

 +  CO
2
 
(g)

  g CaCO
3
 $    +     H

2
O 

(l)

(White precipitate)

On passing excess carbon dioxide the following reaction takes place:

CaCO
3
 
(S)

 +   H
2
O 

(l)
 + CO

2
 
(g)

  g     Ca (HCO
3
)

2
 
(aq)

                                                              (Soluble in water)

Thus from above activities you can conclude that the reaction of  metal

carbonates and hydrogen carbonates with acids give a corresponding salt,

carbon dioxide and water. We can write generalized form of these chemical

reactions as shown below:

metal carbonate + acid   g salt + carbon dioxide + water

metal hydrogen carbonate + acid g salt + carbon dioxide + water

3.2  Neutralization reaction

Activity  5

Acid – base Neutralization reaction

Take about 2 ml of dilute NaOH solution in a test tube and add one

drop of phenolphthalein indicator. Observe the colour of the solution.

 - Add dilute HCl solution to the above solution drop by drop.  Is

there any change of colour of the solution?

· Why did the colour of the solution change after adding the HCl

solution?

- Now add one or two drops of NaOH to the above mixture.

· Does the Pink colour reappear?

· Do you guess the reason for reappearance of pink colour?

In the above activity you observe that the pink colour disappears on

adding HCl  because NaOH is completely reacted with HCl. The effect of

base is nullified by an acid. Pink colour reappears on adding a drop of

NaOH  because  the solution becomes basic once  again. The reaction

occuring between acid and base in the above activity can be written as:
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 NaHCO
3(|��T)

 + HCl
(È.ç<�)

 g NaCl
(È.ç<�)

 + H
2
O

(ç<�)
 + CO

2(y�) 
­

y�jáTTeÚqT d�Tq�|�ÚÔû³ <�Çs� |�+|¾q|�ÚÎ&�T,

 Ca(OH)
2(È.ç<�)

 + CO
2(y�)

 g CaCO
3 ¯  

+ H
2
O

(ç<�)
                           (Ôî\¢� ne¹¿�|�+)

¿±sÁÒH� &îÕ �Â¿Õà&� y�jáTTeÚqT n~ó¿£+>± |�+|¾q|�ÚÎ&�T ¿±*üjáT+ �VÕ²ç&Ã¿±sÃÒHû{Ù
@sÁÎ&�TÔáT+~.

 CaCO
3(|��T)

 + H
2
O

(ç<�)
  + CO

2(y�)
  g Ca(HCO

3
)

2(È.ç<�)
                                   (ú{ìýË $©q eTeÚÔáT+~)

�|Õ ¿£�Ôá«+ qT+&�, n�� ýËV�² ¿±sÃÒHû³T¢ eT]jáTT ýËV�² �VÕ²ç&ÃÈH� ¿±sÃÒHû³T¢
�eÖ¢\ÔÃ #ásÁ« È]|¾ �jáÖ ýËV�² \eD²\ÔÃbÍ³T ¿±sÁÒH� &îÕ �Â¿Õà&� y�jáTTeÚ eT]jáTT
úsÁT\qT @sÁÎsÁTkÍïjáT� MTsÁT �s�Æ]+#á>·\sÁT. �|Õ sÁkÍjáTq #ásÁ«\ kÍ<ó�sÁD sÁÖbÍ\qT
¿ì+<� #áÖ|¾q$<ó�+>± s�jáTe#áTÌ.

ýËV�² ¿±sÃÒHû{Ù + �eT¢+ g \eD+ + ¿±sÁÒH� &îÕ �Â¿Õà&� + úsÁT

ýËV�² �VÕ²ç&ÃÈH� ¿±sÃÒHû{Ù + �eT¢+ g \eD+ + ¿±sÁÒH� &îÕ �Â¿Õà&� + úsÁT

3.2 Ôá³dÓ�¿£sÁD #ásÁ« (Nuetralization reaction)

�eT¢̀ ¿�±sÁ Ôá³dÓ�¿£sÁD #ásÁ« (Acid - base nuetralization reaction)

   Xø�çuó�|�]ºq |�̄ ¿£�H�[¿£ýË 2 $T.©.\ d�È\ NaOH ç<�eD²�� rd�T¿=� <��¿ì

ÿ¿£ #áT¿£Ø |�¾H�|��ï©H� ç<�eD²�� ¿£\|�+&�. ç<�eD+ sÁ+>·TqT |�]o*+#á+&�.

- � sÁ+>·T ç<�eD²�¿ì d�È\ HCl ç<�eD²�� #áT¿£Ø\T>± ¿£\T|�ÚÔáÖ eÖsÁTÎ\qT
>·eT�+#á+&�. ç<�eD+ sÁ+>·TýË @<îÕH� eÖsÁTÎ >·eT�+#�s�?

· HCl qT ¿£*|¾q|�ÚÎ&�T ç<�eD+ sÁ+>·T m+<�TÅ£� eÖ]+~?

- �|Õ $TçXøeÖ�¿ì �|�ð&�T eTsÁ\ ÿ¿£{ì ýñ<� Âs+&�T #áT¿£Ø\T NaOH qT ¿£\|�+&�.

· ç<�eD+ Ü]Ð |¾+¿ù (>·Tý²_) sÁ+>·TýË¿ì eÖ]+<�?

· ç<�eD+ eTsÁý² |¾+¿ù sÁ+>·TýË¿ì eÖsÁ&��¿ì >·\ ¿±sÁD²\qT }V¾²+#á>·\s�?

�|Õ ¿£�Ôá«+ýË |�̄ ¿£� H�[¿£ýË� ç<�eD²�¿ì HCl ç<�eD+qT ¿£*|¾q|�Ú&�T �  ç<�eD+
|¾+¿ù (>·Tý²_) sÁ+>·TqT ¿ÃýËÎÔáT+~. B�¿ì ¿±sÁD+ ç<�eD+ýË� HCl ÔÃ NaOH

|�P]ï>± #ásÁ«H=+<�&�+. � #ásÁ«ýË ¿�±sÁ+ jîTT¿£Ø ç|�uó²e+ �eT¢+ #ûÔá Ôá³dÓ�¿£]+#á�&�TÔáT+~.
� d¾�ÜýË �q� ç<�eD²�¿ì ¿=�� #áT¿£Ø\ NaOH ç<�eD+qT ¿£*|¾Ôû, � ç<�eD+ Ü]Ð
¿�±sÁ \¿£�D²�� bõ+~ eTsÁý² |¾+¿ù sÁ+>·TýË�¿ì eÖsÁTÔáT+~. �|Õ ¿£�Ôá«+ýË� sÁkÍjáT�¿£
#ásÁ«qT d�MT¿£sÁD sÁÖ|�+ýË ¿ì+~ $<ó�+>± s�jáTe#áTÌ.

¿£�Ôá«+  5
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Think and discuss

· Is the substance present in antacid tablet acidic or basic?

· What type of reaction takes place in stomach when an antacid

tablet is consumed?

NaOH 
(aq) 

   +     HCl 
(aq)

     g      NaCl 
(aq)

 + H
2
O 

(l)

The reaction of an acid with a base to give a salt and water is known as

a neutralization reaction.  In general, a neutralization reaction can be written as:

Base   +   Acid   g Salt    +   Water

3.2.1 Reaction of Acids with metal oxides

Acivity  6

· Take a small amount of copper oxide (CuO) in a beaker and slowly add

dilute hydrochloric acid while stirring. Observe the changes in the

solution. Note the colour of the solution.

· What do you observe in the above reaction?

· You will notice that the copper oxide present in the beaker dissolves

in dilute HCl and the colour of the solution becomes blueish-green.

The reason for this change is the formation of copper (II) chloride in

the reaction.  The general reaction between a metal oxide and an acid

can be written as:

Metal oxide    +   Acid g  Salt   +   Water

·     Write the chemical equation for the reaction between copper oxide

and HCl and balance it.

In above reaction metal oxide reacts with acid to give salt and water.

This reaction is   similar to the reaction of a base with an acid that we have

observed in activity - 5.

· What do you conclude from the Activity-5 and 6?

In both the reactions salt and water are the products. Both metallic

oxides and metallic hydrides give salt and water when they react with an

acid. Thus we can conclude that metal oxides are basic in nature like the

metal hydroxides.

3.2.2 Reaction of base with non-metal oxide

You saw the reaction between carbon dioxide and calcium hydroxide

(lime water) in activity-4.
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NaOH 
(È.ç<�)

 + HCl
(È.ç<�)

 g NaCl
(È.ç<�)

+ H
2
O

(ç<�)

¿�±sÁ+ÔÃ ÿ¿£ �eT¢+ #ásÁ« È]|¾ \eD²��, ú{ì� @sÁÎsÁ#û #ásÁ«qT Ôá³dÓ�¿£sÁD #ásÁ«
n+{²+. kÍ<ó�sÁD+>± Ôá³dÓ�¿£sÁD #ásÁ«qT ¿ì+~ $<ó�+>± s�jáTe#áTÌ.

¿�±sÁ+ + �eT¢+ g \eD+ + úsÁT

3.2.1 ýËV�² �Â¿Õà&�\ÔÃ �eÖ¢\ #ásÁ«

¿=~Ý |�]eÖD+ýË ¿±|�sY �Â¿Õà&�qT (CuO) >±E ;¿£sÁTýË¿ì rd�T¿Ã+&�. B�� >±E
¿£&�¦ÔÃ ¿£*jáTuÉ&�TÔáÖ HîeT�~>± d�È\ �VÕ²ç&Ã¿Ã¢]¿ù �eÖ¢�� ¿£\|�+&�. eÖsÁTÎ\qT
|�]o*+#á+&�. ç<�eD|�Ú sÁ+>·TqT qyîÖ<�T #ûjáT+&�.
�|Õ #ásÁ«ýË MT¹s+ >·eT�+#�sÁT?

;¿£sÁTýË>·\ ¿±|�sY �Â¿Õà&�, d�È\ HCl (�VÕ²ç&Ã¿Ã¢]¿ù �eT¢+)ýË ¿£sÁT>·TÔáT+<��,
ç<�eD|�Ú sÁ+>·T ú*`�Å£� |�#áÌ sÁ+>·TýË¿ì eÖsÁTÔáT+<�� MTsÁT >·eT�kÍïsÁT. �
#ásÁ«ýË ¿±|�sY ¿Ã¢ÂsÕ&� @sÁÎ&�³yûT � eÖsÁTÎÅ£�>·\ ¿±sÁD+.

ýËV�² �Â¿Õà&� + �eT¢+ g \eD+ + úsÁT

¿±|�sY �Â¿Õà&�, d�È\ HCl \ eT<ó�« È]¹> #ásÁ«Å£� d�MT¿£sÁD+ s�d¾ ÔáT\«+ #ûjáT+&�.

�|Õ sÁkÍjáT�¿£ #ásÁ«ýË ýËV�² �Â¿Õà&� �eT¢+ÔÃ #ásÁ« È]|¾ ú{ì�, \eD²�� �d�Tï+~.
� sÁkÍjáT�¿£ #ásÁ« ¿£�Ôá«+`5ýË �eT¢ ¿�±s�\ eT<ó�« #ásÁ« e\¢ \eD+, úsÁT @sÁÎ&û
#ásÁ«qT bþ* �+³T+~.

¿£�Ôá«+`5, 6\ qT+&� MT¹s+ �s�Æ]kÍïsÁT?

Âs+&�T #ásÁ«\ýËqÖ úsÁT, \eD²\qT ç¿ìjáÖÈH�«\T>± bõ+<�TÔ�+. ýËV�² �Â¿Õà&�\T,
ýËV�² �VÕ²ç&�Â¿Õà&�\T �eT¢+ÔÃ #ásÁ« È]|¾ \eD²��, ú{ì� �kÍïsTT. ¿±eÚq ýËV�²
�Â¿Õà&�\T, ýËV�² �VÕ²ç&�Â¿Õà&�\ eýÉ ¿�±sÁ d�Çuó²y��� ¿£*Ð �+{²jáT� eTq+ �s�Æ]+#áe#áTÌ.

3.2.1 nýËV�² �Â¿Õà&�\ÔÃ ¿�±s�\ #ásÁ«

¿£�Ôá«eTT`4ýË ¿±sÁÒH� &îÕ �Â¿Õà&�, ¿±*üjáT+ �VÕ²ç&�Â¿Õà&� (d�Tq�|�ÚúsÁT)\ eT<ó�«
#ásÁ«qT MTsÁT >·eT�+#�sÁT.

¿£�Ôá«+  6

�ýËº+#á+&� ` #á]Ì+#á+&�

�+{²d¾&� >·T[¿£ ({²uÉ¢{Ù)ýË �q� |�<�sÁ�+ �eT¢eÖ? ¿�±sÁeÖ?
�+{²d¾&� {²uÉ¢{Ù rd�TÅ£�q�|�ð&�T ¿£&�T|�ÚýË m³Te+{ì #ásÁ« ÈsÁT>·TÔáT+~?
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Think and discuss

· You are provided with three test tubes containing distilled water, an

acid and a base solution respectively.  If you are given only blue

litmus paper, how do you identify the contents of each test tube?

· A compound of Calcium reacts with dilute hydrochloric acid to

produce effervescence.  The gas evolved extinguishes a burning

candle; turns lime water milky. Write a balanced chemical equation

for the reaction if one of the compounds formed is calcium chloride.

Calcium hydroxide, which is a base, reacts with carbon dioxide to

produce a salt and water. This reaction is similar to the reaction between a

base and an acid. Thus we can conclude that carbon dioxide which is a non

metal oxide is acidic in nature. In general all non-metal oxides are acidic

in nature.

Common properties of Acids

What do acids have in common?

In previous sections you have seen that acids have similar chemical

properties. In lab activity you have observed that acids generate hydrogen

gas on reacting with metals, so hydrogen seems to be common element to

all acids.  Let us perform an activity to investigate whether all compounds

containing hydrogen are acids or not.

Activity  7

Prepare solutions of glucose, alcohol, hydrochloric acid and sulphuric

acid etc.,

Connect two different coloured electrical wires to graphite rods

separately in a 100 ml beaker as shown in figure.

Connect free ends of the wire to 230 volts AC plug  and complete the

circuit as shown in the fig-3 by connecting a bulb to one of the wires.

Now pour some dilute HCl in the beaker and switch on the current.
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¿�±sÁ d�Çuó²e+ >·\ ¿±*üjáT+ �VÕ²ç&�Â¿Õà&�, ¿±sÁÒH� &îÕ �Â¿Õà&�ÔÃ #ásÁ« bõ+~ úsÁT,
\eD²\qT �d�Tï+~. � #ásÁ« �eT¢, ¿�±s�\ eT<ó�« È]¹> #ásÁ«qT bþ* �+³T+~. ¿£qT¿£,
nýËV�² �Â¿Õà&� nsTTq ¿±sÁÒH� &îÕ �Â¿Õà&� �eT¢ d�Çuó²y��� ¿£*Ð �+³T+<�� eTq+
�s�Æ]+#áe#áTÌ. kÍ<ó�sÁD+>± n�� nýËV�² �Â¿Õà&�\T �eT¢ d�Çuó²y��� ¿£*Ð �+{²sTT.

�eÖ¢\ �eT�&� <ó�s��\T

�eÖ¢\ýË �eT�&�>± �q�~ @$T{ì?

�+Ôá esÁÅ£� MTsÁT �eÖ¢\ú� ÿ¹¿ $<ó�yîT®q sÁkÍjáTq <ó�s��\qT ¿£*Ð �+{²jáT�
>·eT�+#�sÁT. ç|�jîÖ>·Xæ\ ¿£�Ôá«+, ¿£�Ôá«+`3\ýË ýËV�ä\ÔÃ �eÖ¢\T #ásÁ« È]|¾
�VÕ²ç&ÃÈH� y�jáTTeÚqT $&�T<�\ #ûkÍïjáT� Ôî\Td�TÅ£�H��sÁT.  nq>± �VÕ²ç&ÃÈH� nHû~
�eÖ¢\��{ìýËqT �+&û kÍeÖq« eTÖ\¿£+>± ¿£�|¾d�Tï+~. �VÕ²ç&ÃÈH�qT ¿£*Ð jáTTq�
d�yûT�ÞøH�\ú� �eÖ¢ýË ¿±<Ã ¿£qT¿ÃØe&��¿ì �|�ð&�T eTq+ ÿ¿£ ¿£�Ô�«�� �sÁÇV¾²<�Ý+.

>·Ö¢¿ÃCÙ, �\ØV�äýÙ, �VÕ²ç&Ã¿Ã¢]¿ù �eT¢+, d�\ÖÎÛ«]¿ù �eT¢+ yîTT<�ýÉÕq d�yûT�ÞøH�\
ç<�eD²\qT ÔájáÖsÁT #ûjáT+&�.

Âs+&�T yû¹sÇsÁT sÁ+>·T\T >·\ $<�T«ÔY r>·\Å£� ç>±�|�Õ{Ù ¿£&�¦\qT ¿£\|�+&�. M{ì� 100
$T.©.\ >±E ;¿£sÁTýË  |�³+`3 ýË #áÖ|¾q $<ó�+>± �+#á+&�.

� r>·\ �dÇ#áÌÛ ¿=q\qT 230 yÃýÙ¼\ AC |�¢>´Å£� ¿£\|�+&�. |�³+`3 ýË #áÖ|¾q
$<ó�+>± �\TÒqT ¿£*|¾ $<�T«ÔY e\jáÖ�� |�P]ï #ûjáT+&�.

;¿£sÁTýË d�È\ HCl  ç<�eD²�� bþd¾q ÔásÁTy�Ôá, e\jáT+ýË $<�T«ÔYqT ç|�eV¾²+|�
CñjáT+&�.

�ýËº+#á+&� ` #á]Ì+#á+&�

MTÅ£� ÿ¿=Ø¿£Ø <��ýË yû¹sÇsÁT>± �dÇ<�q È\+, �eT¢+ eT]jáTT ¿�±sÁ+ >·\ eTÖ&�T
|�]¿£�H�[¿£\T �eÇ�&�H�sTT. ÿ¿£yûÞø MTÅ£� ú* *³�dt ¿±ÐÔá+ eÖçÔáyûT ��dï, <��
d�V�äjáT+ÔÃ � eTÖ&�T |�]¿£�H�[¿£\ýË �+&û ç<�eD²\qT mý² >·T]ïkÍïeÚ?

¿±*üjáT+ d�yûT�Þøq+, d�È\ �VÕ²ç&Ã¿Ã¢]¿ù �eT¢+ÔÃ #ásÁ« È]Ðq|�Ú&�T �Td� �Td�
bõ+>·TÔáÖ �T&�>·\ sÁÖ|�+ýË y�jáTTeÚ $&�T<�\ neÚÔáT+~. � #ásÁ«ýË $&�T<�ýÉÕq
y�jáTTeÚ eT+&�T#áTq�¿=y=ÇÜï� �sÁTÎÔáT+~. eT]jáTT d�Tq�|�Ú ú{ì� bÍ\eýÉ
eÖsÁTd�Tï+~. � #ásÁ«ýË @sÁÎ&�q ÿ¿£ d�yûT�Þøq+ ¿±*üjáT+ ¿Ã¢ÂsÕ&� nsTTÔû

¿£�Ôá«+  7
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230 volt Bulb

Beaker

Graphite rods

dil. HCl solution

fig-3: Acid solution in water
conducts electricity

AC plug· What do you notice?

Repeat activity with dilute

sulphuric acid and glucose and

alcohol solutions separately.

· What do you observe?

· Does the bulb glow in all cases?

You will notice that the bulb

glows only in acid solutions but not

in glucose and alcohol solutions.

Glowing of bulb indicates that there

is flow of electric current through

the solution. Acid solutions have ions

and the moment of these ions in solution helps for flow of electric current

through the solution.

The positive ion (cation) present in HCl solution is H+. This suggests

that acids produce hydrogen ions H+ in solution, which are responsible for

their acidic properties. In glucose and alcohol solution the bulb did not glow

indicating the absence of (H+) hydrogen ions in these solutions. The acidity

of acids is attributed to the (H+) hydrogen  ions produced by them in solutions.

3.3  Properties of Bases

Repeat the Activity-7 using alkalis such as sodium hydroxide, calcium

hydroxide solutions etc., instead of acid solutions.

· Does the bulb glow?

· What do you conclude from the results of this activity?

In electrolysis blub glows as bases gives hydroxide (OH–) a negative ion

(Anion)

3.4  Do acids produce ions only in aqueous solution?  Let us test this.

 Activity 8

- Take about 1.0g of solid NaCl in a clean and dry test tube.

- Add some concentrated sulphuric acid to the test tube.

· What do you observe?  Is there a gas coming out of the delivery tube?

Let us write chemical equation for the above reaction.

2NaCl
(s)

   +    H
2
SO

4(l)
   g  2HCl

(g)
 #   +  Na

2
SO

4(s)
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MT¹s+ >·eT�+#�sÁT?
�<û ¿£�Ô�«�� d�È\ d�\ÖÎÛ«]¿ù �eT¢+, >·Ö¢¿ÃCÙ, �\ØV�äýÙ

ç<�eD²\ÔÃ yû¹sÇsÁT>± �sÁÇV¾²+#á+&�.

MT¹sû$T >·eT�+#�sÁT?
n�� d�+<�s�ÒÛ\ýËqT �\TÒ yî*Ð+<�?
�eT¢ ç<�eD²\ýË eÖçÔáyûT �\TÒ yî\>·{²�� MTsÁT

>·eT�kÍïsÁT. >·Ö¢¿ÃCÙ eT]jáTT �\ØV�äýÙ ç<�eD²\ýË �\TÒ
yî\>·¿£ bþe&��� >·eT�kÍïsÁT. �\TÒ yî\T>·T ÔáT+<�+fñ �
ç<�eD+ >·T+&� $<�T«ÔY ç|�d�]d�T ï+<�� Ôî\Td�T ï+~.
�eT¢ç<�eD²\ýË �jáÖqT\T+{²sTT. � njáÖqT\ #á\q+
eýñ¢ � ç<�eD²\ýË $<�T«ÔY ç|�kÍsÁ+ ÈsÁT>·TÔáT+~.

HCl ç<�eD+ýË �q� <ó�q njáÖqT (¿±³jáÖH�), H+ ¿£qT¿£ �eT¢ ç<�eD²\T �eT¢
<ó�s��\Å£� ¿±sÁDyîT®q �VÕ²ç&ÃÈH� njáÖH�\qT �kÍïsTT. >·Ö¢¿ÃCÙ, �\ØV�äýÙ ç<�eD²ýË¢ �\TÒ
yî\>·<�T. B�� �{ì¼ � ç<�eD²ýË¢ (H+) �VÕ²ç&ÃÈH� njáÖqT\T �+&�e� nsÁ�eTeÚÔáT+~.
ç<�eD²ýË¢ $&�T<�ýÉÕq (H+ ) �VÕ²ç&ÃÈH� �jáÖqT¢, �eÖ¢\ jîTT¿£Ø �eT¢ d�Çuó²y��� �s�Æ]kÍïsTT.

3.3       ¿�±s�\ <ó�s��\T

�eT¢ ç<�eD²\Å£� �<�T\T kþ&�jáT+ �VÕ²ç&�Â¿Õà&�, ¿±*üjáT+ �VÕ²ç&�Â¿Õà&� yîTT<�ýÉÕq ¿�±sÁ
ç<�eD²\ÔÃ ¿£�Ôá«+ 7qT n<û |�<�ÆÜýË �sÁÇV¾²+#á+&�.

� d�+<�s�Ò\ýË �\TÒ yî*Ð+<� ?
� ¿£�Ôá«+ |��*Ô�\ qT+&� MTsÁT �s�Æ]+ºq<û$T{ì?
¿�±s�\T $<�T«ÔY $Xâ¢w�D+ýË �VÕ²ç&�Â¿íà&� (OH–) �TTDnjáÖqT\qT (�qjáÖH�) �eÇ³+
e\q �\TÒ yî\T>·TÔáT+~.

3.4 �eÖ¢\T È\ ç<�eD+ýË eÖçÔáyûT �jáÖq¢qT @sÁÎsÁTkÍïjáÖ ? �|�ÚÎ&�T |�̄ ¿ì�<�Ý+.

- 1.0 ç>±öö |��Tq NaCl qT Xø�çuó� |�sÁºq bõ&� |�̄ ¿£� H�[¿£ýË¿ì  rd�T¿Ã+&�.
- ¿=~Ý>± >±&ó� d�\ÖÎÛ«]¿ù �eÖ¢�� |�̄ ¿£� H�[¿£ ýË� NaCl Å£� ¿£\|�+&�.

MT¹s+ >·eT�+#�sÁT? @<îÕH� y�jáTTeÚ yî\Te&�TÔáT+<�?
�|Õ #ásÁ«qT ¿ì+~ d�MT¿£sÁD+ <�Çs� s�<�Ý+.

2NaCl
(|��T) 

+ H
2
SO

4(ç<�)
   à  2HCl

(y�)
  á  +  Na

2
SO

4(|��T)

230 yÃýÙ¼AC �ýÙÒ

;¿£sY

ç>±�|�Õ{Ù ¿£&�¦\T
$©q. HCl ç<�eD+

|�³+`3 ú{ìÔÃ ¿£*d¾q �eT¢ ç<�eD+
$<�T«<�ÇV�²¿£ÔáqT ¿£*Ðd�Tï+~

AC
 
 |�¢>´
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Test tube

NaCl

Test tube

Cork

Delivery tube

Moist litmus paper

Conical flask
containing
conc H

2
SO

4

Test the gas evolved successively with dry and wet blue litmus paper.

In which case does the litmus paper change colour?

· What do you infer from the above observation?

You can conclude that dry HCl gas (Hydrogen chloride) is not an acid

because you have noticed that there is no change in colour of dry litmus

paper but HCl aqueous solution is an acid because wet blue litmus paper

turned into red.

Note to teachers: If the climate is very humid, pass the gas produced

thr-ough a guard tube (drying tube) containing calcium chloride to dry

the gas.

· Can you write the chemical equation for the reaction takes place at

the mouth of delivery tube?

Laboratory precautions : Observe the following pictures. Did you find

any problems with this? When ever you work with concentrated

solutions it is very important to use test tube holder. It is very dangerous

to work with bare hands in the laboratory.

The HCl gas evolved at delivery tube dissociates in presence of water

to produce hydrogen ions.  In the absence of water dissociation of HCl

molecules do not occur.

The dissociation of HCl in water is shown below.

HCl   +   H
2
O   g    H

3
O+  +  Cl –

Hydrogen ions cannot exist as bare ions. They associate with water

molecules and exist as hydrated ions with each H+ attached by 4 to 6 water

molecules. For this we represent H+ as hydronium ion, H
3
O+.

H+   +    H
2
O   g H

3
O+

You have learnt that acids give H
3
O+ or H+  ion in water.

fig-4: Preparation of HCl gas
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|�³+` 4 HCl y�jáTTeÚ ÔájáÖ¯

|�¯¿£�H�[¿£

NaCl

|�¯¿£�H�[¿£

_sÁ&�
y�jáTTy�V�²¿£H�Þø+

Ôá&� *³�dt �||�sY

>±&ó� H
2
SO

4
qT

¿£*Ð �q� ¿Ã�¿£ýÙ
bÍ¢dtØ

yî\Te&�q y�jáTTeÚqT eTT+<�T>± bõ&� ú* *³�dt ¿±ÐÔá+ÔÃqT |¾<�|� Ôá&� ú* *³�dt
¿±ÐÔá+ÔÃqT |�̄ ¿ì�+#á+&�.*³�dt ¿±ÐÔá+ sÁ+>·T @ d�+<�sÁÒÛ+ýË eÖ]+~?

�|Õ ¿£�Ôá«+ |�]o\q\ <�Çs� MT¹s$T �s�ÆsÁD #ûkÍïsÁT?
bõ&� HCl y�jáTTeÚ (�VÕ²ç&ÃÈH� ¿Ã¢ÂsÕ&�) �eT¢+ ¿±<�� MTsÁT �s�Æ]+#á>·\sÁT m+<�T¿£+fñ

bõ&� *³�dt ¿±ÐÔá+ sÁ+>·TýË m³Te+{ì eÖsÁTÎýñ<�� MTsÁT >·eT�kÍïsÁT. ¿±� d�È\ HCl

ç<�eD+ ÿ¿£ �eT¢+ m+<�T¿£+fñ Ôá&�>± �+&û ú**³�dt ¿±ÐÔá+ msÁT|�Ú sÁ+>·TýË�¿ì eÖsÁTÔáT+~.

�bÍ<ó�«jáTT\Å£� d�Ö#áq : y�Ô�esÁD+ýË ÔûeT mÅ£�Øe>± �+fñ yî\Te&�q y�jáTTeÚqT
bõ&� #ûjáT&��¿ì <��� ¿±*üjáT+ ¿Ã¢ÂsÕ&� >·\ �sÁ̈©¿£sÁD >=³¼+ (Guard tube) <�Çs�
|�+|�eýÉqT.

y�jáTTH�Þø+ eTÖÜ e<�Ý È]¹> #ásÁ« sÁkÍjáTq d�MT¿£sÁD²�� s�jáT>·\s�?
ç|�jîÖ>·Xæ\ C²ç>·Ôáï\T: ç¿ì+~ ºçÔ��� >·eT�+#á+&�. @<îÕH� d�eTd�«\T �ÔáÎq�eT
jáÖ«jáÖ? ç|�jîÖ>·Xæ\ýË |��Ö&� �eÖ¢\ÔÃ |��#û�d³|�Ú&�T |�̄ ¿£�H�[¿£ V�²Ë\¦sYqT
�|�jîÖÐ+#�*. HûsÁT>± #ûÔáT\ÔÃ |�³T¼¿Ãe&�+ ç|�eÖ<ó�¿£sÁ+.

� ç|�jîÖ>±�� �{ì¼ ú{ì d�eT¿£�+ýË HCl $jîÖ>·+ #î+~ �VÕ²ç&ÃÈH� njáÖH�\qT
@sÁÎsÁTd�Tï+~. ¿±� úsÁT ýñq|�ÚÎ&�T $jîÖ>·+ #î+<�<�T n� eTqÅ£� Ôî\Td�Tï+~.

ú{ìýË HCl $jîÖ>·+ ¿ì+~ $<ó�+>± ÈsÁT>·TÔáT+~.
HCl + H

2
O g H

3
O+ + Cl-

�VÕ²ç&ÃÈH� njáÖH�\T �dÇ#�ÌÛ �jáÖH�\T>± �+&�ýñeÚ. n$ 4 qT+&� 6 ú{ì nDTeÚ\ÔÃ
¿£*d¾ �VÕ²ç&Ã�jáT+ njáÖqT\T>± (H

3
0+) @sÁÎ&�Ô�sTT. n+<�Te\¢ H+qT �VÕ²ç&Ã�jáT+

njáÖH� H
3
0+ >± d�ÖºkÍïeTT.

H+ + H
2
O g H

3
 O+

�eÖ¢\T ú{ìýË  H
3
O+ ýñ<� H+ njáÖqT\qT �kÍïjáT� eTq+ HûsÁTÌÅ£�H��+.
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fig-5: Warning sign
displayed on containers
containing concentrated

Acids and Bases

Let us see what happens when a base is dissolved in water.

              H
2
O

NaOH 
(s)

     –––––g             Na + 
(aq)

 + OH –
 (aq)

            H
2
O

KOH 
(s)

     –––––g             K + 
(aq)

  +  OH – 
(aq)

              H
2
O

Mg (OH)
 2(s)

    –––––g          Mg+2
(aq)

 + 2OH – 
(aq)

On dissolving bases in water produces hydroxide (OH-) ions. Bases

which are soluble in water are called alkalis. All bases do not dissolve in

water. Be(OH)
2
 is slightly soluble in water.

Reaction of Acids - bases with water

3.5 What do you observe when water is mixed with acid or base?

Activity  9

- Take 10 ml water in a test tube.

-  Add a few drops of concentrated H
2
SO

4
 to it and swirl the test tube slowly. Touch

   the bottom of the test tube.

· What do you feel?

· Is it an exothermic or endothermic process?

Carry out the above activity with sodium hydroxide pellets instead of

H
2
SO

4
 and record your observation.

The process of dissolving an acid or a

base in water is an exothermic process.

Care must be taken while mixing

concentrated nitric acid or sulphuric acid

with water.  The acid must always be added

slowly to water with constant stirring.  If

water is added to a concentrated acid, the

heat generated may cause the mixture to

splash out and cause burns.
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ÿ¿£ ¿�±s��� ú{ìýË ¿£]Ð+ºq|�ÚÎ&�T @$T ÈsÁT>·TÔáT+<Ã |�]o*<�Ý+.

              H
2
O

NaOH 
(|��T)

     –––––g             Na + 

(È.ç<�)
 + OH –

 (È.ç<�)

            H
2
O

KOH 
(|��T)

     –––––g             K + 

(È.ç<�)
  +  OH – 

(È.ç<�)

              H
2
O

Mg (OH)
 2(|��T)

    –––––g          Mg2+

(È.ç<�)
 + 2OH – 

(È.ç<�)

¿�±s�\qT ú{ìýË ¿£*|¾q|�ÚÎ&�T �VÕ²ç&�Â¿Õà&� (OH–)njáÖH�\qT �kÍïïsTT. ú{ìýË
¿£]¹> ¿�±s�\qT ¿�±sÁjáTTÔá ç<�eD²\T (�\Ø©\T) n+{²sÁT. n�� ¿�±s�\T ú{ìýË ¿£sÁT>·eÚ.
Be(OH)

2 
¿=~Ý |�]eÖD+ýË ú{ìýË ¿£sÁT>·TÔáT+~.

ú{ìÔÃ �eT¢¿�±s�\T È]�| #ásÁ«

3.5 ú{ì¿ì �eÖ¢\T ýñ<� ¿�±s�\qT ¿£*|¾q|�Ú&�T @+ ÈsÁT>·TÔáT+~?

` ÿ¿£ |�̄ ¿£� H�[¿£ýË 10 $T.©. \ ú{ì� rd�T¿Ã+&�.

` ¿=�� #áT¿£Ø\T >±&ó� H
2 
SO

4
 qT |�̄ ¿£� H�[¿£ýË� ú{ì¿ì ¿£\|�+&�.  |�̄ ¿£� H�[¿£qT

HîeT�~>± ¿£~*+#á+&�. |�̄ ¿£� H�[¿£  n&�T>·T uó²>±�� #ûÜÔÃ Ô�¿£+&�.

@$T >·eT�+#�sÁT?

�~ �w�¼ yîÖ#á¿£ #ás�« ? ýñ¿£ �w�� ç>±V�²¿£ #ás�«?

�<û ¿£�Ô�«�� H
2 
SO

4 
Å£� �<�T\T kþ&�jáT+ �VÕ²ç&�Â¿Õà&� |�\TÅ£�\ (NaOH Pellets)qT

�|�jîÖÐ+º �sÁÇV¾²+#á+&�. MT |�]o\q\qT qyîÖ<�T #ûjáT+&�.

�eÖ¢��  ýñ<� ¿�±s��� ú{ìýË ¿£]Ð+#û ç|�ç¿ìjáT
ÿ¿£ �w�� yîÖ#á¿£ #ásÁ«. >±&ó� qçÜ¿±eÖ¢�� ýñ<�
>±&ó�d�\ÖÎÛ«]¿ù �eÖ¢�� ú{ìÔÃ ¿£*�|³|�ÚÎ&�T Ôá>·T C²ç>·Ôáï
rd�T¿Ãy�*. �eÖ¢�� ¿=~Ý ¿=~Ý>± ú{ì¿ì ¿£\T|�ÚÔáÖ
�>·Å£�+&� ¿£*jáT uÉ{²¼*. ný² ¿±Å£�+&� ú{ì� HûsÁT>±
>±&ó� �eÖ¢�¿ì ¿£*|¾q³¢sTTÔû, yî\Te&û n~ó¿£ �w��+
bÍçÔá qT+&� �|Õ¿ì ºeT�&�+ e\q #ásÁ�+ MT<�, ¿£ÞøßýË¢
|�&� ç|�eÖ<�+ d�+uó�$d�Tï+~.

|�³+`5 >±&ó� �eÖ¢\T, ¿�±s�\qT ¿£*Ð �+&û
bÍçÔá\�|Õ �+&û �V²#áÌ]¿£ >·TsÁTï

¿£�Ôá«+  9
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The glass container may also break due to excessive local heating.

Look out for the warning sign (shown in Fig.5) on the can of concentrated

sulphuric acid and on the bottle of sodium hydroxide pellets.

Mixing an acid or base with water result in decrease in the concentration

of ions (H
3
O +/OH– ) per unit volume.  Such a process is called dilution

and the acid or the base is said to be diluted.

Can you decide the strength of an acid or base solutions?

Let us find.

3.6 Strength of acids or bases

Activity 10

A test to know whether the Acid is strong or weak.

- Take two beakers A and B.

- Fill the beaker A with dil. CH
3
 COOH (acetic acid) and beaker B

with dil. HCl (Hydrochloric Acid)

- Arrange the apparatus as used in activity-7, and pass electric current

through the solutions in separate beakers.

· What do you observe?

· Can you guess the reason for the changes you observed?

You notice that the bulb glows brightly in HCl solution while the

intensity of the bulb is low in acetic acid solution. This indicates that there

are more ions in HCl solution and fewer ions are present in acetic acid

solution. More ions in HCl solution mean more H
3
O+ions.Therfore it is a

strong acid. Whereas acetic acid has fewer H
3
O+ions and hence it is weak

acid.

Think and discuss

· Why do HCl, HNO
3
 etc., show acidic characters in aqueous solutions

while solutions of compounds like alcohol and glucose do not show

acidic character?

· While diluting an acid, why is it recommended that the acid should

be added to water and not water to the acid?
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ÿ¿=Ø¿£ØkÍ] n~ó¿£ yû&� e\q >±EbÍçÔá |�Ð*bþe#áTÌ. |�³+. 5 ýË d�Öº+ºq
ç|�eÖ<� �V²#áÌ]¿£ >·TsÁTïqT >±&ó� d�\Ö« ÎÛ]¿ù �eT¢ eT]jáTT kþ&�jáT+ �VÕ²ç&�Â¿Õà&�
dÓkÍ\�|Õ #áÖ&�+&�.

�eÖ¢�� ýñ<� ¿�±s��� ú{ì¿ì ¿£\|�&�+e\¢ ç|�eÖD |��Tq|�]eÖD+ýË>·\
(H

3
O+/OH-) njáÖqT\ >±&ó�Ôá Ôá>·TZÔáT+~. � ç|�ç¿ìjáTqT $©q+ #ûjáT&�+

(dilution) n+{²+. eT]jáTT y�{ì� $©q �eT¢+ ýñ<� $©q ¿�±sÁ+ n+{²s.

�eT¢ ç<�eD+ ýñ<� ¿�±sÁ ç<�eD+ �ý²�� MTsÁT mý² �s�Æ]+#á>·\sÁT?
eTq+ ¿£qT>=+<�+.
3.6 �eT¢, ¿�±s�\ �ý²\T

ÿ¿£ �eT¢+ �\yîT®q<Ã ýñ<� �\VÓ²qyîT®q<Ã Ôî\Td�T¿Ãe{²�¿ì ÿ¿£ |�̄ ¿£� #û<�Ý+.

` A , B nHû Âs+&�T ;¿£sÁ¢qT rd�T¿Ã+&�.
` ‘A’ ;¿£sÁTýË d�È\ CH

3
COOH (md¾{ì¿ù �eT¢+) qT, ‘B’ ;¿£sÁT ýË d�È\

HCl(�VÕ²ç&Ã¿Ã¢]¿ù �eT¢+)qT rd�T¿Ã+&�.
` ¿£�Ôá«+`7 ýË d�Öº+ºq³T¢ |�]¿£s�\qT neT]Ì Âs+&�T ç<�eD²\ <�Çs�

ÿ¹¿kÍ] $<�T«ÔYqT |�+|¾ |�]o*+#á+&�.
MT¹s+ >·eT�+#�sÁT ?
MTsÁT >·eT�+ºq eÖsÁTÎ\Å£� >·\ ¿±sÁD+ @yîT® �+³T+<�qTÅ£�+³TH��sÁT?
HCl ç<�eD²�� �|�jîÖÐ+ºq|�Ú&�T �\TÒ mÅ£�Øe ç|�¿±Xøe+Ôá+>±qT,

CH
3
COOH ç<�eD²�� �|�jîÖÐ+ºq|�Ú&�T �\TÒ ÔáÅ£�Øe  ç|�¿±Xøe+Ôá+>±

yî\>·&�+ >·eT�+#�s�? B�� �{ì¼ HCl ç<�eD+ýË mÅ£�Øe njáÖH�\T �H��jáT�,
md¾{ì¿ù �eT¢ ç<�eD+ýË ÔáÅ£�Øe njáÖqT¢ �H��jáT� Ôî\Td�Tï+~. HCl ç<�eD+ýË
mÅ£�Øe njáÖH�\T (H

3
O+) �H��jáT� Ôî\Td�Tï+~. ¿±eÚq �~ �\yîT®q �eT¢+.

n<û $<ó�+>± md¾{ì¿ù �eT¢+ýË ÔáÅ£�Øe H
3
O+ njáÖH�\T �+{²sTT. ¿±�{ì¼ �~

ÿ¿£ �\VÓ²q �eT¢+ n� #î|�Îe#áTÌ.

¿£�Ôá«+  10

�ýËº+#á+&� ` #á]Ì+#á+&�

È\ ç<�eD²\ýË HCl, HNO
3
 yîTT<�ýÉÕq$ �eT¢ d�Çuó²y��� ç|�<�]ôkÍïsTT. ¿±�

�\ØV�äýÙ, >·Ö¢¿ÃCÙ e+{ì ç<�eD²\T �eT¢ d�Çuó²y��� ç|�<�]ô+#áeÚ. m+<�TÅ£�?
>±&ó� �eÖ¢�� d�È\ �eT¢+>± eÖsÁÌ&��¿ì �eÖ¢�� ú{ì¿ì #áT¿£Ø\T>± ¿£\bÍ*
¿±� ú{ì� �eÖ¢�¿ì ¿£\T|�Å£L&�<�� d�\V�ä�kÍïsÁT ` m+<�TÅ£� ?

S
C
E
R
T, T

E
LA

N
G
A
N
A



Acids, Bases and SaltsGovernment’s Gift for Students’ Progress 94

3.6.1 pH scale

A scale for measuring hydrogen ion concentration in a solution is called

pH scale. (The ‘p’ in pH stands for ‘Potenz’. In German Language ‘Potenz’ is

power).  pH value of a solution is simply a number which indicates the acidic

or basic nature of a solution.

The pH of neutral solutions is 7. Values less than 7 on the pH scale

represent an acidic solution.  As the pH value increases from 7 to 14, it

represents a decrease in H
3
O+ ion concentration or an increase in OH– ion

concentration in the solution. pH value of a solution above  ‘7’ represents a

basic solution. Observe the following fig-6.

fig. - 6: Changes in pH values with charge in the concentration of  H+, OH-  ions.

Carry out the above experiment by taking bases like dil. NaOH (sodium

hydroxide) and dil. NH
4
OH (ammonium hydroxide) instead of acids.

· What do you observe?  Explain your observations.

The universal indicator can also be used to know the strength of acid or

base. Universal indicator is a mixture of several indicators.  The universal

indicator shows different colours at different concentrations of hydrogen

ions in a solution.

Acidic

neutral
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�|Õ ¿£�Ô�«�� �eÖ¢\Å£� �<�T\T kþ&�jáT+ �VÕ²ç&�Â¿Õà&� (NaOH) eT]jáTT d�È\
nyîÖ��jáT+ �VÕ²ç&�Â¿Õà&� (NH

4
OH) e+{ì ¿�±s�\ÔÃ �sÁÇV¾²+#á+&�.

�|�ÚÎ&û$T >·eT�+#�sÁT ? MT |�]o\qqT $e]+#á+&�.

kÍsÁÇçÜ¿£ �eT¢̀ ¿�±sÁ d�Öº¿£ (Universal acid-base indicator) qT �|�jîÖÐ+º
Å£L&� �\yîT®q, �\VÓ²qyîT®q �eT¢̀ ¿�±s�\qT >·T]ï+#áe#áTÌ. kÍsÁÇçÜ¿£ �eT¢̀ ¿�±sÁ d�Öº¿£
nHû¿£ d�Öº¿£\ $TçXøeT+. �~ ç<�eD+ýË �+&û yû¹sÇsÁT �VÕ²ç&ÃÈH� njáÖH�\ >±&ó�Ôá\qT
�{ì¼ yû¹sÇsÁT sÁ+>·T\qT #áÖ|�ÚÔáT+~.

3.6.1 pH �dØ\T
ç<�eD+ýË� �VÕ²ç&ÃÈH� njáÖH� >±&ó�ÔáqT ýÉ¿ìØ+#á&��¿ì y�&û �dØ\TqT »»pH �dØ\Tµµ

n+{²+. (pH  ýË pnHû n¿£�sÁ+  »bõfÉH�̈µ nHû |�<��� d�Öºd�Tï+~. ÈsÁ�H� u²w�ýË bõfÉH�̈
n+fñ kÍeTsÁ�«+ n� nsÁ�+) ÿ¿£ ç<�eD+ pH $\Te <�� �eT¢ ýñ<� ¿�±sÁ d�Çuó²y���
d�Öº+#á&��¿ì �|�jîÖÐ+#û ÿ¿£ d�+K« eÖçÔáyûT.

Ôá³d�� ç<�eD|�Ú pH $\Te 7. pH �dØýÙ�|Õ 7 ¿£+fñ ÔáÅ£�Øe $\Te\T ¿£*Z
�+&û ç<�eD²\qT �eT¢ ç<�eD²\T n+{²+. pH $\Te 7 qT+&� 14Å£� �|sÁT>·TÔáT+fñ,
n~ � ç<�eD+ýË H

3
O+ njáÖH�\ >±&ó�Ôá Ôá>·Z&���, OH- njáÖH�\ >±&ó�Ôá �|sÁ>·&���

d�Öºd�Tï+~. nq>± ç<�eD+ýË ¿�±sÁd�Çuó²e+ �|sÁT>·TÔáT+~. ç<�eD pH $\Te 7 ¿£+fñ
mÅ£�ØyîÕÔû � ç<�eD²�� ¿�±sÁ+ n+{²+. kÍ<ó�sÁD+>± kÍsÁÇçÜ¿£ �eT¢̀ ¿�±sÁd�Öº¿£qT pH

qT ýÉ¿ìØ+#á&��¿ì $�jîÖÐkÍïsÁT. |�³+`6 qT >·eT�+#á+&�.

|�³+` 6: H+, OH- njáÖH�\ >±&ó�ÔáýË� eÖsÁTÎÔÃ eÖ¹s pH $\Te\T

�eT¢ d�Çuó²e+

Ôá³d��+

¿�±sÁ d�Çuó²e+
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NEUTRALACID ALKALI
strong weak weak

fig -7: pH value as shown by different colour in universal indicator

S.No. Solution Colour pH
paper

Approximate

pH value

Nature of
substances

Table-2

1 HCl

2 CH
3
COOH

3 NH
4
Cl

4 CH
3
COONa

5 NaHCO
3

6 Na
2
CO

3

7 NaOH

8 Distilled water

9 Lemon juice

10 Carrot juice

11 Coffee

12 Tomato juice

13 Tap water

14 Banana juice

15 Colourless aerated drink

16 Saliva (before meal)

17 Saliva (after meal)

Activity 11

- Test the pH value of solutions given in table using pH paper.

- Record your observations in column three of Table – 2.

- Write approximate pH values in column 4 using Universal Indicator

solution, based on your observations write the nature of each

substance.
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- pH �||�sYqT �|�jîÖÐ+º |�{ì¼¿£`2ýË �eÇ�&�q ç<�eD²\ pH $\Te\qT
¿£qT¿ÃØ+&�.

- MT |�]o\q\qT |�{ì¼¿£̀ 2ýË� 3e �\TeÚ esÁTd�ýË qyîÖ<�T #ûjáT+&�.

- kÍsÁÇçÜ¿£ d�Öº¿£qT �|�jîÖÐ+º |�{ì¼¿£̀ 2ýË� 4e �\TeÚ esÁTd�ýË pH jîTT¿£Ø
sÁeÖsÁ$T $\Te\qT MT |�]o\q\ �<ó�sÁ+>± qyîÖ<�T#ûd¾ �ºÌq ç|�r |�<�sÁ�+
jîTT¿£Ø d�Çuó²y��� Ôî\|�+&�.

|�{ì¼¿£̀ 2

Ôá³d��ç<�eD+�eT¢+ ¿�±sÁ+
�\yîT®q �\VÓ²q �\yîT®q�\VÓ²q

|�³+`7 pH $\TeqT $$<ó� sÁ+>·T\ýË #áÖ|�ÚÔáTq� kÍsÁÇçÜ¿£ d�Öº¿£

11

esÁTd�
d�+K«

pH d�Öº¿£
sÁ+>·T

sÁeÖsÁ$T pH $\Te |�<�sÁ� d�Çuó²e+

1 HCl

2 CH
3
COOH

3 NH
4
Cl

4 CH
3
COONa

5 NaHCO
3

6 Na
2
CO

3

7 NaOH

8 �dÇ<�q È\+
9 �eT�sÁd�+
10 ¿±«sÁ{Ù sÁd�+
11 ¿±|�¾
12 ³eÖ³ sÁd�+
13 Å£�Þ²sTT úsÁT
14 nsÁ{ì|�+&�T sÁd�+
15 sÁ+>·Týñ� kþ&�úsÁT
16 ý²ý²È\+ (uóËÈH��¿ì eTT+<�T)
17 ý²ý²È\+ (uóËÈH��¿ì ÔásÁTy�Ôá)

ç<�eD+

¿£�Ôá«+  11
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The strength of acid or base depends on the concentraction of H
3
O+ ions or

OH– produced in solution. If we take hydrochloric acid and acetic acid of the

same concentration then they produce different concentration of hydrogen

ions. Acids that give more H
3
O+ ions are said to be strong acids that give

fewer H
3
O+ ions are said to be weak acid. Can you now predict what weak and

strong bases are?

· What is the nature of each substance on the basis of your observations?

To avoid the negative powers

of H+ concentration in dilute acid

and base solutions Sorensen

introduced the concept of pH. Due

to this pH concept may be

restricted for solutions of [H+]

less than 1 molar.

Distribution of pH -  How to

read?

The pH scale is from 0-14.

The pH is an indication of

concentration of H+. For example,

at a pH of zero the hydronium ion

concentration is one molar.

Typically the concentrations of H+

in water in most solutions fall

between a range of 1 M (pH=0)

and 10-14 M (pH=14). Figure 8

depicts the pH scale with common

solutions.

battery acid

lemon juice

pure rain (H
2
O in

equilibrium with

atmospheric CO
2

freshly

distilled water

seawater

baking soda

(NaHCO
3
 solution)

household

ammonia (NH
3
)

household lye

(NaOH solution)

household bleach

(Na
2
CO

3
 solution)

gastric fluid

carbonated

beverages

vinger

orange juice

beer
coffee

egg yolks

milk

blood

milk of

magnesia

[Mg(OH)
2
]

solution

fig -8: Solutions and the

placement of them on pH

scale

Do you know?
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ÿ¿£ �eT¢+ ýñ<� ¿�±sÁ+ jîTT¿£Ø �\+ ç<�eD sÁÖ|�+ýË �q�|�ð&�T y�{ìýË H
3
O+  ýñ<�

OH- njáÖH�\ >±&ó�Ôá MT<� �<ó�sÁ|�&� �+³T+~. �<�V�²sÁDÅ£� ÿ¹¿ >±&ó�Ôá>·\ �VÕ²ç&Ã¿Ã¢]¿ù
�eT¢+ eT]jáTT md¾{ì¿ù �eÖ¢\qT rd�TÅ£�+fñ y�{ìýË �+&û H

3
O+ njáÖH�\ >±&ó�Ôá\T

yûsÁTyûsÁT>± �+{²sTT. @ �eÖ¢ýÉÕÔû mÅ£�Øe d�+K«ýË H
3
O+ njáÖH�\�kÍïjîÖ y�{ì� �\yîT®q

�eÖ¢\�, ný²¹> ÔáÅ£�Øe d�+K«ýË H
3
O+  njáÖH�\�#ûÌ �eÖ¢\qT �\VÓ²qyîT®q �eÖ¢\�

n+{²+.

�\yîT®q ¿�±sÁ+, �\VÓ²qyîT®q ¿�±sÁ+ n+fñ @$T{Ë MTsÁT }V¾²+#á>·\s�?

�eT�sÁd�+

d�Ç#áÌÛyîT®q esÁü+ úsÁT

Ô�C² �dÇ<�q È\+
d�eTTç<�|�Ú úsÁT

     e+³ kþ&�
(NaH CO

3
 ç<�eD+)

�+&�¢ýË �ÔáÎÜïnjûT«
nyîÖ��jáÖ(NH

3
)

NaOH ç<�eD+

�³¼\ kþ&�(Na
2
CO

3

ç<�eD+)

>±«çd¾¼¿ù ç<�e+
kþ&�úsÁT

$�>·sY
uÔ�ïsTTsÁd�+
;sY¿±|�¾
>·T&�T¦ýË Ôî\¢ kõq

bÍ\T
sÁ¿£ï+

$TýÙ Ø  �|� t
yîT^�w¾jáÖ
(Mg(OH)

2

ç<�eD+)

|�³+`8 : pH �dØýÙ�|Õ
ç<�eD²\ kÍ�q+

d�È\ �eÖ¢\T, ¿�±s�\ýË H+

�jáÖH�\ >±&ó��ÔáýË �TTD |��ÖÔ���
Ô=\Ð+#û+<�TÅ£� kþÂsH��dH� pH

$\Te\qT ç|�yûXø�|{²¼&�T.
1 yîÖýÙ ¿£+fñ ÔáÅ£�Øe H+ �jáÖq¢>±&ó�Ôá
> ·\ ç<�eD²\Å £ � � pH �dØ\T
|�]$TÔáeTeÚÔáT+~.
pH y�«|¾ï ` mý² #á<�y�* ?
pH �dØ\T kÍ<ó�sÁD+>±  0 qT+&� 14
esÁÅ£� y�«|¾ï #î+~ �+³T+~.
� pH $\Te H+  �jáÖqT\ >±&ó�ÔáqT
d�Öºd�Tï+~. �<�V�²sÁDÅ£� pH $\Te
d�Tq� e<�Ý, �VÕ²ç&Ã�jáT+ �jáÖH� >±&ó�Ôá
ÿ¿£ yîÖý²sY �+³T+~. ú{ìýË #�ý²
ç<�eD²\ H+ �jáÖq¢ >±&ó�Ôá 1  M

(pH=0)  qT+&� 10-14 M (pH=14)  esÁÅ£�
$d�ï]+º �+³T+~.
pH �dØ\TýË ¿=�� kÍ<ó�sÁD ç<�eD²\
kÍ�H�\T |�³+`8ýË #áÖ|��&�H�sTT.

     u²«{¯\ýË
�|�jîÖÐ+#û �eT¢+

MTÅ£� Ôî\TkÍ?
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3.6.2 Importance of pH in everyday life

1.  Are plants and animals pH sensitive?

Living organisms can survive only in a narrow range of pH change.

When pH of rain water is less than 5.6, it is called acid rain.  When acid

rain flows in to the rivers, it lowers the pH of the river water, the survival

of aquatic life in such rivers becomes difficult.

2.   Is  pH change cause of  tooth decay?

Tooth decay starts when the pH of the mouth is lower than 5.5.

Tooth enamel, made of calcium phosphate is the hardest substance

in the body.  It does not dissolve in water, but is corroded when the

pH in the mouth is below 5.5. Bacteria present in the mouth produce

acids by degradation of sugar and food particles remaining in the

mouth.  The best way to prevent this is to clean the mouth after

eating food.  Using tooth pastes, which are generally basic neutralize

the excess acid and prevent tooth decay.

3.   pH in our digestive system:

It is very interesting to note that our stomach produces hydrochloric

acid.  It helps in the digestion of food without harming the stomach.  During

indigestion the stomach produces too much acid and this causes pain and

irritation.  To get rid of this pain, people use bases called antacids. These

antacids neutralize the excess acid in the stomach. Magnesium hydroxide

(milk of magnesia), a mild base, is often used for this purpose.

Activity  12

Activity  12

Think and discuss

· What will happen if the pH value in our body increases?

· Why do living organism have narrow pH range?
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3.6.2 �Ôá« J$Ôá+ýË pH jîTT¿£Ø çbÍeTTK«Ôá

1. yîTT¿£Ø\T eT]jáTT È+ÔáTeÚ\T pH ýË� eÖsÁTÎÅ£� ç|�uó²$Ôá eTeÚÔ�jáÖ?

çbÍDT\ú� pH $\Te\ýË� nÜd�Ç\Î eÖsÁTÎ\Å£� ýË�&� eÖçÔáyûT J$+#á>·\eÚ.
esÁü|�Úú{ì pH $\Te 5.6 ¿£+fñ ÔáÅ£�ØyîÕÔû <��� �eT¢ esÁü+ n+{²+. � �eT¢ esÁü|�Ú
úsÁT qBÈý²\ÔÃ ¿£\d¾q|�ÚÎ&�T qBÈý²\ pH $\Te\T Ôá>·TZÔ�sTT. n³Te+{ì ÔáÅ£�Øe
pH $\Te\T >·\ qBÈý²\ýË �+&û È\#ás�\ Jeq+ d�+¿£³+ýË |�&�TÔáT+~.

2. pH ýË� eÖsÁTÎ <�+Ôá ¿£�jáÖ�¿ì ¿±sÁDeTeÚ+<�?

pH $\Te 5.5 ¿£+fñ ÔáÅ£�Øe nsTTÔû <�+Ôá¿£�jáT+ çbÍsÁ+uó�eTeÚÔáT+~. <�+Ô�\�|Õ

|¾+>±D¡ bõsÁ �+³T+~. �~ eÖqe Xø̄ sÁ+ýË nÔá«+Ôá <ó��&�yîT®q~. �~ ¿±*üjáT+

b�Í�dÎÛ{Ù ÔÃ ÔájáÖsÁeÚÔáT+~. �~ ú{ìýË ¿£sÁ>·<�T, ¿±� HÃ{ìýË pH $\Te 5.5 ¿£+fñ

ÔáÅ£�ØyîÕq|�ÚÎ&�T  <�+Ô�\T ¿£�jáÖ�¿ì >·TsÁeÚÔ�sTT. HÃ{ìýË �q� u²¿¡¼]jáÖ <�+Ô�\

eT<ó�« ºÅ£�Ø¿=� �q� #áÂ¿ØsÁ e+{ì �V�äsÁ ¿£D²\qT $jîÖ>·+ #î+~+º �eÖ¢\qT

�ÔáÎÜï#ûkÍïsTT. ¿±eÚq pH $\Te Ôá>·TZÔáT+~. �V�äsÁ+ Üq� ÔásÁTy�Ôá HÃ{ì� ¿�±sÁ

d�Çuó²e+ �+&û ³ÖÔY�|dt¼ �|�jîÖÐ+º Xø�çuó�|�sÁ#áT³ e\q �ÔáÎÜï nsTTq �eÖ¢\qT

Ôá³dÓ�¿£]+#á&�+ <�Çs� <�+Ôá ¿£�jáT+ �y�]+#áe#áTÌ.

3. eTq JsÁ� e«ed��ýË pH bÍçÔá.

JsÁ�ç¿ìjáTýË eTq Js��XøjáT+ �VÕ²ç&Ã¿Ã¢]¿ù �eÖ¢�� $&�T<�\ #ûd�Tï+~. �~

Js��X øjáÖ�¿ì qw�¼+ ¿£\>·Å£�+&� eTq+ Üq� �V�äs��� JsÁ�+ #ûjáT&�+ýË

�|�jîÖ>·|�&�TÔáT+~. nJ]ï d�+<�sÁÒÛ+ýË eTq Js��XøjáT+ n~ó¿£ |�]eÖD+ýË �eÖ¢��

�ÔáÎÜï #ûjáTT³ e\q ¿£&�T|�ÚýË eT+³, nd�V�²q+ ¿£\T>·TÔ�sTT. � <�Tçw�Îuó²e+

qT+&� $eTT¿ìï� bõ+<�&��¿ì, eTq+ jáÖ+{²d¾&�\T>± |¾\Te�&û ¿�±s�\qT rd�TÅ£�+{²+.

� jáÖ+{²d¾&�\T ¿£&�T|�ÚýË n~ó¿£yîT®q �eÖ¢�� Ôá³dÓ�¿£]kÍïsTT. �+<�T¿Ãd�+ kÍ<ó�sÁD+>±

yîT^�w¾jáT+ �VÕ²ç&�Â¿Õà&� ($TýÙØ �|�t yîT^�w¾jáÖ) nHû �\VÓ²q ¿�±s���  �|�jîÖÐkÍïsÁT.

�ýËº+#á+&� ` #á]Ì+#á+&�

eTq Xø̄ sÁ+ýË �+&û sÁkÍjáTH�\ pH $\Te �|]ÐÔû @+ ÈsÁT>·TÔáT+~?
JeÚ\Å£� pH |�]~ó nÜ d�Ç\Î+>± m+<�TÅ£�+~?
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3.6.3 . Self defense by animals and plants through chemical war fare?

Have you ever been stung by a honey-bee?  Bee sting leaves an acid which

causes pain and irritation.  Use of a mild base like baking soda on the stung   area

gives relief.

Activity  12

- Take dil. HCl in a beaker and add two to three drops methyl orange

indicator. Note the colour of the solution

- Mix antacid tablet powder to the above solution in the beaker. Now

observe the change in colour of solution.

· What is the reason for the change in colour of solution?

· Can you write the chemical equation for this reaction?

4.   What is the pH of the soil in your garden?

Plants require a specific pH range for their healthy growth.  To find

out the pH required for the healthy growth of a plant, you can collect the

soil samples from various places and check the pH in the manner described

below in the following activity.   Also you can note down what type of

plants are growing in the region from which you have collected the soil.

Activity  13

Put about 2g soil in a test tube and add 5ml water to it. Shake the

contents of the test tube. Filter the contents and collect the filtrate in a

test tube.

Check the pH of this filtrate with the help of universal indicator paper.

Think and discuss

· What can you conclude about the ideal soil pH for the growth of

plants in your region?

· Under what soil conditions a farmer would treat the soil of his

fields with quicklime or calcium carbonate?
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- ;¿£sÁTýË ¿=~Ý>± d�È\ HCl qT rd�T¿=� <��¿ì 2 ýñ<� 3 #áT¿£Ø\T $T<̧îÕýÙ
�Âs+CÙ d�Öº¿£qT ¿£\|�+&�. ç<�eD+ sÁ+>·TqT qyîÖ<�T #ûjáT+&�.

- ç<�eD²�¿ì @<îÕH� @+{²d¾&� eÖçÔáqT bå&�sY #ûd¾ ¿£\|�+&�. eTsÁ\ ç<�eD+ sÁ+>·TýË�
eÖsÁTÎqT qyîÖ<�T #ûjáT+&�.
sÁ+>·TýË� eÖsÁTÎÅ£� ¿±sÁD+ @$T{ì ?
� #ásÁ«Å£� MTsÁT sÁkÍjáTq d�MT¿£sÁD²�� s�jáT>·\s�?

4. MT �|sÁ&�TýË� eT{ì¼ jîTT¿£Ø pH m+Ôá ?

yîTT¿£Ø\T �sÃ>·« e+Ôá+>± �|sÁ>·&��¿ì �]Ýw�¼ |�]$TÜýË pH qT ¿£*ÐjáTTq� eT{ì¼
ned�sÁ+. yîTT¿£Ø\ �|sÁT>·T<�\Å£� ned�sÁyîT®q pH qT Ôî\Td�T¿Ãe&��¿ì, yûsÁT yûsÁT çbÍ+Ô�\
qT+&� eT{ì¼ qeTÖH�\qT �d¿£]+º, ¿ì+~ ¿£�Ôá«+ýË d�Öº+ºq³T¢ y�{ì pH $\Te\qT
�sÁ�sTT+#á+&�.

MTsÁT eT{ì¼ qeTÖH�\qT �d¿£]+ºq #Ã³ @sÁ¿£yîT®q yîTT¿£Ø\T �|sÁT>·TÔáTH��jîÖ Å£L&�
qyîÖ<�T #ûjáT+&�.

¿=~Ý |�]eÖD+ýË eT{ì¼� ÿ¿£ |�̄ ¿£��H�[¿£ýË�¿ì rd�T¿=� <��¿ì 5.MT.©.
ú{ì� ¿£\|�+&�. |�]¿£�H�[¿£ eTÖÜ� eTÖd¾ H�[¿£qT Å£�<�|�+&�.  ç<�eD²�� e&�bþjáT+&�.
ne¹¿�bÍ�� (Filtrate) eTs=¿£ |�̄ ¿£� H�[¿£ýË¿ì rd�T¿Ã+&�.

kÍsÁÇçÜ¿£ d�Öº¿£ ýñ<� pH �||�sY d�V�äjáT+ÔÃ ne¹¿�|�+ (Filtrate) jîTT¿£Ø pH qT
|�̄ ¿ì�+#á+&�.

3.6.3 dÓÇjáTsÁ¿£�D ¿Ãd�+ yîTT¿£Ø\T, ¿¡³¿±\T, È+ÔáTeÚ\T sÁkÍjáTH�\qT �|�jîÖÐ+#áTÅ£�+{²jáÖ ?
�qT� m|�ÚÎ&îÕH� ÔûHî{¡>· Å£�{ì¼+<� ? ÔûHî{¡>· Å£�{ì¼q|�ÚÎ&�T <�� ¿=+&� <�Çs� �eÖ¢��

eTqXø̄ sÁ+ýË¿ì |�+|�Ú³ e\q eTqÅ£� rçeyîT®q H=|¾Î, <�TsÁ<� ¿£\T>·TÔ�sTT. uñ¿ì+>́ kþ&�
e+{ì �\VÓ²qyîT®q ¿�±s��� ÔûHî{¡>· Å£�{ì¼q ç|�<ûXø+ýË sÁT~ÝÔû H=|¾Î rçeÔá Ôá>·TZÔáT+~.

¿£�Ôá«+  12

¿£�Ôá«+  13

�ýËº+#á+&� ` #á]Ì+#á+&�

MT çbÍ+Ôá+ýË yîTT¿£Ø\ �|sÁT>·T<�\ ¿Ãd�+ �|�jîÖÐ+#û eT{ì¼ pH $\TeqT
>·Ö]Ì úyû$T �s�Æ]kÍïeÚ?
ÂsÕÔáT\T e«ekÍjáT ¹¿�çÔá+ýË @ $<ó�yîT®q eT{ì¼ �q�|�Ú&�T <��¿ì d�Tq�|�Ú bõ&��
ýñ<�  ¿±*üjáT+ ¿±s=ÒHû{ÙqT ¿£\T|�ÚÔ�sÁT?
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Stinging hair of leaves of nettle plant, inject methanoic acid (formic

acid) causing burning pain.  A traditional remedy is rubbing the area with

the base natured leaf of the dock plant, which often grows besides the

nettle in the wild.

3.7 Salts

In the previous sections you have studied the formation of salts by the

neutralization reaction of base with an acid.  Let us understand more about

the preparation, properties and uses of salts.

3.7.1 Family of salts

Activity 14

- Write the formulae of the following salts.

- Potassium sulphate, sodium sulphate, calcium sulphate, magnesium

sulphate, copper sulphate, sodium chloride, sodium nitrate, sodium

corbonate and ammonium chloride.

- Identify the acids and bases from which the above salts are obtained.

- Salts having the same positive or negative radicals belong to a

family.  For example, NaCl and Na
2
SO

4
 belong to the family of

sodium salts.  Similarly, NaCl, and KCl belong to the family of

chloride salts.

· How many families can you identify among the salts given above?

3.7.2 pH of Salts

Activity 15

- Collect the salt samples like, sodium chloride, aluminum chloride,

copper sulphate, sodium acetate, ammonium chloride,  sodium

hydrogen carbonate and sodium carbonate.

- Dissolve them in distilled water. Check the action of these solutions

with litmus papers.

- Find the pH using pH paper (universal indicator).

S
C
E
R
T, T

E
LA

N
G
A
N
A



105 �eÖ¢\T, ¿�±s�\T, \eD²\T$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

 ¿¡³¿£+ ¿=+&� qT+&� $T<¸�HÃsTT¿ù �eT¢+ (b�Í]�¿ù �eT¢+) $&�T<�ýÉÕ #ásÁ�+ ¿ì+<�Å£�
#ûsÁTÔáT+~. <�� ç|�uó²e+ e\q rçeyîT®q eT+³, <�TsÁ<� ¿£\T>·TÔ�sTT. �Å£�\�|Õ  eTT+&�T¢
�+&û <�Ö\>=+&� yîTT¿£Ø (Nettle plant) eTqÅ£� >·T#áTÌÅ£�q�|�Ú&�T n~ $T<̧�HÃsTT¿ù  �eÖ¢��
Xø¯sÁ+ýË�¿ì ç|�yûXø�|&�TÔáT+~. <��e\q rçeyîT®q eT+³ ¿£\T>·TÔáT+~. kÍ<ó�sÁD+>±
�ý²+{ì d�+<�s�ÒÛ\ýË ¿�±sÁd�Çuó²e+ >·\ <�Tw¾¼bÍÅ£� (dock plant) �Å£�\ÔÃ sÁT~ÝÔû
�|�XøeTq+ ¿£\T>·TÔáT+~.
3.7 \eD²\T

�eT¢, ¿�±sÁ Ôá³dÓ�¿£sÁD #ásÁ«e\q \eD²\T @sÁÎ&�Ô�jáT� MTsÁT HûsÁTÌÅ£�H��sÁT.
\eD²\ ÔájáÖ¯, y�{ì <ó�s��\T, �|�jîÖ>±\ >·T]+º ne>±V�²q #ûd�TÅ£�+<�+.
3.7.1 \eD²\ Å£�³T+�+ (Family of salts)

` ¿ì+~ \eD²\ kÍ+¹¿Ü¿±\qT s�jáT+&�.
` bõ{²w¾jáT+ d�ýñÎÛ{Ù, kþ&�jáT+ d�ýñÎÛ{Ù, ¿±*üjáT+ d�ýñÎÛ{Ù, yîT^�w¾jáT+ d�ýñÎÛ{Ù,

¿±|�sY d�ýñÎÛ{Ù, kþ&�jáT+ ¿Ã¢ÂsÕ&�, kþ&�jáT+ HîÕçfñ{Ù, kþ&�jáT+ ¿±sÃÒHû{Ù eT]jáTT
nyîÖ��jáT+ ¿Ã¢ÂsÕ&�.

` �|Õ \eD²\T @@ �eT¢, ¿�±sÁ È+³\ eT<ó�« #ásÁ« e\q @sÁÎ&�Ô�jîÖ >·T]ï+#á+&�.
` ÿ¹¿ $<ó�yîT®q <ó�q njáÖq¢qT ýñ<� �TTD²yûXø s�&�¿£ýÙàqT ¿£*ÐjáTTq� \eD²\qT

ÿ¹¿ Å£�³T+u²�¿ì #î+~q$>± |�]>·DìkÍï+. �<�: NaCl, Na
2
 SO

4
 \qT kþ&�jáT+

\eD²\ Å£�³T+u²�¿ì #î+~q$>± |�]>·DìkÍï+.
n<û $<ó�+>± NaCl, KCl  \qT ¿Ã¢ÂsÕ&� \eD²\ Å£�³T+u²�¿ì #î+~q$>±
|�]>·DìkÍï+.

�|ÕÕq �eÇ�&�q \eD²\ qT+&� MTsÁT m�� \eD Å£�³T+u²\qT >·T]ï+#á>·\sÁT?
3.7.2 \eD²\ pH $\Te

` kþ&�jáT+ ¿Ã¢ÂsÕ&�, n\Ö«$T�jáT+ ¿Ã¢ÂsÕ&�, ¿±|�sY d�ýñÎÛ{Ù, kþ&�jáT+ md¾fñ{Ù,
nyîÖ��jáT+ ¿Ã¢ÂsÕ&�, kþ&�jáT+ �VÕ²ç&ÃÈH� ¿±sÃÒHû{Ù eT]jáTT kþ&�jáT+ ¿±sÃÒHû{Ù
\eD²\qT �d¿£]+º �|³T¼¿Ã+&�.

` y�{ì� $&�$&�>± �dÇ<�q È\+ýË ¿£]Ð+º @sÁÎ&�q ç<�eD+ jîTT¿£Ø d�Çuó²y���
*³�dt ¿±ÐÔ�\ d�V�äjáT+ÔÃ ¿£qT¿=Ø� qyîÖ<�T #ûjáT+&�.

` pH ¿±ÐÔá+ ýñ<� kÍsÁÇçÜ¿£ d�Öº¿£qT �|�jîÖÐ+º y�{ì pH  $\Te\T Å£L&�
qyîÖ<�T #ûjáT+&�.

¿£�Ôá«+  14

¿£�Ôá«+  15
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- Classify them into acidic, basic and neutral salts based on pH.

Record your observations in Table-3  given below used to form

the above salts.

Salts of a strong acid and a strong base are neutral and the pH value is

7.  The salts of a strong acid and weak base are acidic and the pH value is

less than 7.  The salts of a strong base and weak acid are basic in nature and

the pH value is more than 7.

· What do you say about salts of both weak acid and weak base?

In such cases the pH depends on the relative strengths of acid and

base.

3.7.3  Chemicals from common salt

Salts are the ionic compounds which are produced by the neutralization

of acid with base.  Salts are electrically neutral.  There are number of salts

but sodium chloride is the most common among them.  Sodium chloride

is also known as table salt or common salt.  Sodium chloride is used to

enhance the taste of food.

Sea water contains many salts dissolved in it.  Sodium chloride is the

predominant component and it is separated from these salts.  Deposits of

solid salt are also found in several parts of the world.  These deposits of

large crystals are often brown due to impurities.  This is called rock salt.

Beds of rock salt were formed when seas of bygone ages dried up.  Rock

salt is mined like coal.

Salt pH Acidic Basic Neutral

Table - 3
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` pH $\Te\ �<ó�sÁ+>± y�{ì� �eT¢, ¿�±sÁ eT]jáTT Ôá³d�ü \eD²\T>± e Z̄¿£]+º
|�{ì¼¿£̀ 3ýË s�jáT+&�.

` �jáÖ \eD²\T @sÁÎ&�&��¿ì �|�jîÖÐ+ºq �eT¢, ¿�±sÁ È+³\qT >·T]ï+#á+&�.

�\yîT®q �eT¢+, �\yîT®q ¿�±s�\ eT<ó�« #ásÁ«e\q @sÁÎ&�q \eD²\T Ôá³d�� d�Çuó²e+
¿£*Ð �+{²sTT. y�{ì pH $\Te 7 Å£� d�eÖq+. �\yîT®q �eT¢+, �\VÓ²qyîT®q ¿�±s�\
qT+&� bõ+<û \eD²\T �eT¢ d�Çuó²y��� ¿£*Ð �+{²sTT. y�{ì  pH  $\Te 7 ¿£+fñ
ÔáÅ£�Øe.�\yîT®q ¿�±sÁ+, �\VÓ²qyîT®q �eÖ¢\ qT+&� bõ+<û \eD²\T ¿�±sÁ d�Çuó²y���
¿£*Ð �+{²sTT. M{ì pH   $\Te 7 ¿£+fñ mÅ£�Øe.

�eÖ¢\T, ¿�±s�\T Âs+&�T Å£L&� �\VÓ²qyîT®q$ nsTTq|�ð&�T y�{ì \eD²\ d�Çuó²e+
mý² �+³T+~?
ný²+{ì d�+<�s�ÒÛýË¢, pH $\Te �eT¢, ¿�±sÁ kÍ�|¿£� kÍeTs�Æ«\�|Õ �<ó�sÁ|�&�

�+³T+~.
3.7.3 kÍeÖq« \eD+ qT+&� @sÁÎ&û sÁkÍjáTH�\T

ÿ¿£ �eT¢+ @<îÕq ¿�±sÁ+ÔÃ Ôá³dÓ�¿£sÁD #ásÁ« È]|¾q|�ÚÎ&�T @sÁÎ&û njáÖ�¿£ d�yûT�ÞøH���
\eD+ n+{²s. \eD²\T $<�T«ÔY |�sÁ+>± Ôá³d��+>± �+{²sTT. mHÃ� sÁ¿±\
\eD²\Tq�|�Î{ì¿¡ kþ&�jáT+ ¿Ã¢ÂsÕ&� y�{ìýË nÜ kÍeÖq«yîT®q \eD+. kþ&�jáT+ ¿Ã¢ÂsÕ&�qT
kÍeÖq« �|�ð ýñ<� �|�ð n+{²s. �V�äsÁ |�<�s��\ sÁTº� �|+#á&��¿ì kþ&�jáT+
¿Ã¢ÂsÕ&�qT �|�jîÖÐkÍï+.

d�eTTç<�|�Ú ú{ìýË nHû¿£ \eD²\T ¿£]Ð �+{²sTT. y�{ìýË kþ&�jáT+ ¿Ã¢ÂsÕ&� n~ó¿£
|�]eÖD+ýË �+³T+~, B�� $TÐ*q \eD²\ qT+º yûsÁT #ûjáT&�+ <�Çs� bõ+<�TÔ�+.
ç|�|�+#á+ýË� nHû¿£ çbÍ+Ô�\ýË |��Tq kþ&�jáT+ ¿Ã¢ÂsÕ&� �¹¿�bÍ\T  �H��sTT. � �¹¿�bÍ\ýË
�+&û kþ&�jáT+ ¿Ã¢ÂsÕ&� d�ÎÛ{ì¿±\T eT*H�\ÔÃ ¿£*d¾ �+&�&�+ e\q eTT<�TsÁT >Ã<ó�TeT
(Cñ>·TsÁT) sÁ+>·TýË �+{²sTT. � kþ&�jáT+ ¿Ã¢ÂsÕ&�qT s�Ü �|�ð (rock salt) n+{²s.
>·&�ºbþsTTq ¿±ý²\ýË d�eTTç<� Èý²\T m+&�bþeÚ³ e\q � s�Ü �|�ð yûT³\T
@sÁÎ&�¦sTT. s�Ü �|�ðqT, u¤>·TZ eýñ >·qT\ qT+&� Ôá$Ç rkÍïsÁT.

\eD+ pH �eT¢d�Çuó²e+ ¿�±sÁd�Çuó²e+ Ôá³d��+

|�{ì¼¿£̀ 3
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Salt – a symbol of freedom

struggle: You know common salt

as a substance which enhances the

taste of food; it also has played a

remarkable role in motivating the

people towards freedom struggle.

The tax levied by the British

government on common food

substance (salt), for both the poor

and the rich, made them to become

unite in the freedom struggle.

You must have heard about

Mahatma Gandhi’s Dandi March

and about ‘salt satyagraha’ in the

struggle for freedom of India.

3.7.4   Common salt – A raw material for chemicals

The common salt is an important raw material for various materials of

daily use, such as sodium hydroxide, baking soda, washing soda, bleaching

powder and many more.

Let us see how one substance is used for making all these different

substances.

3.7.5 Sodium hydroxide from common salt

When electricity is passed through an aqueous solution of sodium

chloride (called brine), it decomposes to form sodium hydroxide. The

process is called the chloro-alkali process – because of the products

formed chloro for chlorine and alkali for sodium hydroxide.

Do you know?
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3.7.4 sÁkÍjáTH�\Å£� eTT&�|�<�sÁ�+>± kÍ<ó�sÁD �|�ð
eTq+ �Ôá« J$Ôá+ýË �|�jîÖÐ+#û kþ&�jáT+ �VÕ²ç&�Â¿Õà&�, uñ¿ì+>́ kþ&�, �³¼\

kþ&�, ;¢º+> ́bå&�sY e+{ì mHÃ� sÁ¿±\ |�<�sÁ�\ ÔájáÖ¯¿ì kÍ<ó�sÁD �|�ð eTT&�|�<�sÁ�+>±
�|�jîÖ>·|�&�TÔáT+~.

�|�ð&�T eTq+ � |�<�sÁ�+ (�|�ð) $$<ó� sÁ¿±ýÉÕq |�<�s��\ ÔájáÖ¯¿ì @ $<ó�+>±
�|�jîÖ>·|�&�TÔáT+<Ã Ôî\Td�TÅ£�+<�+.
3.7.5 kÍ<ó�sÁD �|�ð qT+&� kþ&�jáT+ �VÕ²ç&�Â¿Õà&�qT ÔájáÖsÁT #ûjáT&�+

kþ&�jáT+ ¿Ã¢ÂsÕ&� È\ ç<�eD+ (çuÉÕH� ç<�eD+) >·T+&� $<�T«ÔYqT ç|�d�]+|�Cñ�dï n~
$jîÖ>·+ #î+~ kþ&�jáT+ �VÕ²ç&�Â¿Õà&� @sÁÎ&�TÔáT+~. � ç|�ç¿ìjáTqT ¿Ã¢sÃ �\Ø© ç|�ç¿ìjáT
n+{²+.� ç|�ç¿ìjáTýË @sÁÎ&û ç¿ìjáÖÈH�«\T ¿Ã¢]H� (¿Ã¢sÃ) eT]jáTT kþ&�jáT+ �VÕ²ç&�Â¿Õà&�
(�\Ø©)  ¿±e&�+ #ûÔá  B�� � �|sÁTÔÃ |¾\TkÍï+.

�|�ð kÍÇÔá+çÔá« bþs�{²�¿ì ÿ¿£
d�+¹¿Ôá+

eTq+ ÜHû  �V�äsÁ |�<�s�Æ\Å£� sÁTº�
¿£*Ð+#û |�<�sÁ�+>± kÍeÖq« �|�ð MTÅ£�
|�]#ájáT+. ¿±� �~ kÍÇÔá+çÔ á«
�<�«eÖ�¿ì ç|�È\qT ç�|¹s|¾+#á&�+ýË ÿ¿£
>=|�Î bÍçÔáqT bþw¾+º+~. kÍeÖq«
�|�ð�|Õ ç_{¡wt ç|�uó�TÔáÇ+ $~ó+ºq |�qT�
<ó��Å£�\T, �|<�y�sÁT nHû uñ<ó�+ ýñÅ£�+&�
n+<�]ú @¿£+ #ûd¾ kÍÇÔá+çÔá« bþs�{²�¿ì
¿±sÃ«qT�K�\qT #ûd¾+~.

eTV�äÔ�� >±+Bó �sÁÇV¾²+ºq »»<�+&�
d�Ô�«ç>·V�² ¿£y�ÔáTµµ >·T]+º $Hû
�+{²sÁT. �~ �|�ð d�Ô�«ç>·V�²+>±
|¾\e�&�TÔáÖ kÍÇÔá+çÔá« d�+ç>±eT+ýË
ÿ¿£ eTTK« |��T³¼+>± �*º+~.

MTÅ£� Ôî\TkÍ?
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2 NaCl 
( aq)

 + 2H
2
O 

(l)
  g   2 NaOH 

(aq)
 +  Cl

2
 
(g) 

+ H
2
 
(g)

Chlorine gas is given off at the anode and hydrogen gas at the cathode,

sodium hydroxide solution is formed near the cathode the three products

produced in this process are all useful Fig.-9 shows the different uses of

these products.

3.7.6   Bleaching Powder

You know that chlorine is produced during the electrolysis of aqueous

sodium chloride (brine).  This chlorine gas is used for the manufacture of

bleaching powder.  Bleaching powder is produced by the action of chlorine

on dry slaked lime [Ca(OH)
2
]. Bleaching powder is represented by formula

CaOCl
2
, though the actual composition is quite complex.

Ca (OH)
2
  +  Cl

2
g CaOCl

2
  +  H

2
O

3.7.7  Uses of Bleaching Powder:

1. It is used for bleaching cotton and linen in the textile industry for

bleaching wood pulp in paper industry and for bleaching washed clothes

in laundry.

2. Used as an oxidizing agent in many chemical industries.

3. Used for disinfecting drinking water to make it free of germs.

4. Used as a reagent in the preparation of chloroform.

fig-9: Important product from chloro-alkali process

at Cathode at Anode

Fuels, margarine,

ammonia for fertilisers

Water treatment, swimming pools, PVC,

disinfectants, CFC’s, pesticides

HYDROCHLORIC ACID

For: cleaning steel, ammonium chloride, medicines, cosmetics

BLEACH (CaOCl
2
)

For: household bleahes, bleaching fabric

De-greasing metals, soaps and detergents,

paper making, artificial fibres

H
2

Cl
2

NaOH

at Cathode
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2 NaCl 
(È.ç<�)

 + 2H
2
O 

(ç<�)
  g   2 NaOH 

(È.ç<�)
 +  Cl

2
 
(y�) 

+ H
2
 
(y�)

¿Ã¢]H� y�jáTTeÚ �HÃ&� e<�Ý, �VÕ²ç&ÃÈH� y�jáTTeÚ ¿±<¸Ã&� e<�Ý $&�T<�\eÚÔ�sTT.
¿±<̧Ã&� e<�Ý kþ&�jáT+ �VÕ²ç&�Â¿Õà&� ç<�eD+ @sÁÎ&�TÔáT+~. |�³+ýË #áÖ|¾q $<ó�+>± �
#ásÁ«ýË yî\Te&û �ÔáÎH��\T nHû¿£ sÁ¿±\T>± �|�jîÖ>·|�&�TÔáTH��sTT.

3.7.6  $sÁ+Èq #áÖsÁ�+ (;¢º+>´ bå&�sY)
d�È\ kþ&�jáT+ ¿Ã¢ÂsÕ&� ç<�eD²�� (çuÉÕH� ç<�eD+) $<�T«ÔY $Xâ¢w�D #ûjáT&�+ e\q

¿Ã¢]H� y�jáTTeÚ \_ód�Tï+<�� MTsÁ� Ôî\Td�TÅ£�H��sÁT. � ¿Ã¢]H� y�jáTTeÚ ;¢º+>́ bå&�sY
ÔájáÖ¯ýË �|�jîÖÐ+#á�&�TÔáT+~. ÔûeTýñ� ¿±*üjáT+ �VÕ²ç&�Â¿Õà&� [(Slaked lime) Ca

(OH)
2
] �|Õ ¿Ã¢]H� y�jáTTeÚ #ásÁ« e\q ;¢º+>´ bå&�sY @sÁÎ&�TÔáT+~. B�� (¿±*üjáT+

�¿¡à¿Ã¢ÂsÕ&�) CaOCl
2 
nHû kÍ+¹¿Ü¿£+ÔÃ d�ÖºkÍïsÁT. B� jîTT¿£Ø KºÌÔáyîT®q d�+|��T³q+

$T¿ìØ* d�+¿ì¢w�¼yîT®q~.
Ca (OH)

2
  +  Cl

2
g CaOCl

2
  +  H

2
O

3.7.7   ;¢º+>´ bå&�sY �|�jîÖ>±\T
1. e�d�ï |�]çXøeT\ýË ¿±³H� eT]jáTT H�sÁ\qT $sÁ+Èq+ #ûjáT&��¿ì, ¿±ÐÔá+

|�]çXøeTýË ¿£\|� >·TËqT $sÁ+Èq+ #ûjáT&��¿ì, �³¼\qT $sÁ+Èq+ #ûjáT&��¿ì
B�� �|�jîÖÐkÍïsÁT.

  2.  sÁkÍjáTq |�]çXøeT\ýË B�� �¿¡à¿±]Dì>± �|�jîÖÐkÍïsÁT.
3. Ô�¹> ú{ìýË� ç¿ìeTT\qT d�+V�²]+#á&��¿ì ç¿ì$T d�+V�ä]Dì>± �|�jîÖÐkÍïsÁT.
4. ¿Ã¢sÃb�Í+ ÔájáÖ¯ýË ¿±sÁ¿£+>± (reagent) �|�jîÖÐkÍïsÁT.

;¢#Y (CaOCl
2
)

�+{ì�, �³¼\qT ;¢#Y #ûjáT&��¿ì

ç^CÙqT Ô=\Ð+#û |�<�s��\T,
d��TÒ\T, &�³Âs¨+³T¢, �||�sÁT ÔájáÖ¯,
¿£�çÜeT <�s�\T

|�³+`9 ¿Ã¢sÃ ` �\Ø© ç|�ç¿ìjáTýË @sÁÎ&û eTTK« �ÔáÎH��\T

¿±<Ã̧&� <�>·ZsÁ �HÃ&� <�>·ZsÁ

�+<ó�H�\T, eÖsÁZÂsÕH�,
msÁTeÚ\ýË y�&û nyîÖ��jáÖ

ú{ì Xø�~Æ, �Ôá ¿=\qT, |¾.$.d¾., �H��|�¿£�H�
�y�]Dì\T, d¾.m|�t.d¾., �|d¾¼�dÕ&�à

�VÕ²ç&Ã¿Ã¢]¿ù �eT¢+ (HCl)

�Å£�ØqT Xø�çuó�|�sÁÌ&��¿ì, nyîÖ�jáT+ ¿Ã¢ÂsÕ&�,
 Ww�<ó�\T, kå+<�sÁ« kÍ<ó�H�\ ÔájáÖ¯.

H
2

Cl
2

NaOH

¿±<Ã̧&� <�>·ZsÁ
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3.7.8  Baking soda

Baking soda is sometimes added for faster cooking.  The chemical

name of the compound is sodium hydrogen carbonate (NaHCO
3
). It is

prepared as follows:

NaCl + H
2
O + CO

2
 + NH

3
   g  NH

4
 Cl  +  NaHCO

3

     Can you find the pH of sodium hydrogen carbonate as you have done in

activity-14?

    Can you predict the reason for using NaHCO
3
 to neutralize an acid?

Baking soda is a mild non-corrosive base.

The following reaction takes place when it is heated during cooking.

         Heat

2NaHCO
3
    –––––g        Na

2
CO

3
 + H

2
O+CO

2

Uses of sodium hydrogen carbonate

1 Baking powder mainly contains NaHCO
3
 and its other components

are Ca(H
2
PO

4
)

2
 and starch. NaHCO

3
 produces CO

2
 which rises

through bubling dough into cake or bread. This results cake and

bread are smooth and spongy.

2 Sodium hydrogen carbonate is also an ingredient in antacids.  Being

alkaline, it neutralizes excess acid in the stomach and provides

relief.

3 It is also used as soda-acid in fire extinguishers

4 It acts as mild antiseptic.

3.7.9   Washing soda (sodium carbonate)

Another chemical that can be obtained from sodium chloride is

Na
2
CO

3
. 10 H

2
O(washing soda).

You have seen above that sodium carbonate can be obtained by heating

baking soda. Recrystallisation of sodium carbonate gives washing soda.  It

is also a basic salt.
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3.7.8  uñ¿ì+>´ kþ&� ýñ<� e+³ kþ&� (kþ&�jáT+ uÉÕ ¿±sÃÒHû{Ù)
¿=�� d�+<�s�ÒÛ\ýË |�<�s��\qT Ô=+<�sÁ>± �&�¿ì+#á&��¿ì uñ¿ì+> ́ kþ&�qT

�|�jîÖÐkÍïsÁT. B� sÁkÍjáTq H�eT+ kþ&�jáT+ �VÕ²ç&ÃÈH� ¿±sÃÒHû{Ù (NaHCO
3
).

B�� � ¿ì+~ $<ó�+>± ÔájáÖsÁT #ûkÍïsÁT.
NaCl + H

2
O + CO

2
 + NH

3
   g  NH

4
 Cl  +  NaHCO

3

¿£�Ôá«+ 15ýË eÖ~]>± kþ&�jáT+ �VÕ²ç&ÃÈH� ¿±sÃÒHû{Ù jîTT¿£Ø pH qT MTsÁT
�sÁ�sTT+#á>·\s�?
ÿ¿£ �eÖ¢�� Ôá³dÓ�¿£]+#á&��¿ì NaHCO

3
 m+<�TÅ£� �|�jîÖÐ+#�yîÖ ¿±sÁD+

#î|�Î>·\s�?
e+³kþ&� ÿ¿£ ¿£�jáT+ #î+<�� (non-corrosive) �\VÓ²qyîT®q ¿�±sÁ+.

�V�äs��� �&�¿ì+#û³|�ð&�T �V�äsÁ+ÔÃ bÍ³T B�� yû&� #ûd¾q|�ð&�T � ¿ì+~
sÁkÍjáTq¿£ #ásÁ« ÈsÁT>·TÔáT+~.

    �w��+
2NaHCO

3
  –––––g Na

2
CO

3
 + H

2
O + CO

2

�+&�¢ýË kþ&�jáT+ �VÕ²ç&ÃÈH� ¿±s=ÒHû{Ù nHû¿£ sÁ¿±\T>± �|�jîÖ>·|�&�TÔáT+~.
kþ&�jáT+ �VÕ²ç&ÃÈH� ¿±sÃÒHû{Ù �|�jîÖ>±\T

1 uñ¿ì+>́ bå&�sY ç|�<ó�q nqT|��T³¿£+ NaHCO
3
 . B�ÔÃ bÍ³T �eT¢ ¿±*üjáT+ &îÕ

�VÕ²ç&ÃÈH� bÍ�dÎÛ{Ù Ca(H
2
PO

4
)

2
  eT]jáTT |¾+&� |�<�s��\T uñ¿ì+>́ bå&�sYýË

�+{²sTT. kþ&�jáT+ uÉÕ¿±sÃÒHû{Ù çuÉ&�, ¹¿¿ù ÔájáÖ¯ýË (uñ¿ì+>´ýË) CO
2 
$&�T<�\

#ûjáT³+ <�Çs� |¾+&� bõ+>·{²�¿ì eT]jáTT eT�<�TeÚ>± eÖsÁ{²�¿ì
�|�jîÖ>·|�&�TÔáT+~.

2 kþ&�jáT+ �VÕ²ç&ÃÈH� ¿±sÃÒHû{ÙqT @+{²d¾&�\ýË ÿ¿£ eTTK« nqT|��T³¿£+>±
�|�jîÖÐkÍïs. �~ �\VÓ²qyîT®q ¿�±sÁ+ ¿±�{ì¼  Js��XøjáT+ýË  $&�T<�ýÉÕq �eÖ¢��
Ôá³dÓ�¿£]+º �|�XøeTq+ ¿£\>·#ûd�Tï+~.

3 nÐ�eÖ|�¿£ jáT+çÔ�\ýË B�� kþ&� �eT¢+>± �|�jîÖÐkÍïs.
4 �\VÓ²qyîT®q @+{ì�d|¾¼¿ù (>±jáÖ�� Å£�[ß bþÅ£�+&� #û�d~) >± Å£L&� �~

�|�jîÖ>·|�&�TÔáT+~.
3.7.9 y�w¾+>´ kþ&� (kþ&�jáT+ ¿±sÃÒHû{Ù)

kþ&�jáT+ ¿Ã¢ÂsÕ&�  (kÍ<ó�sÁD �|�ð) qT+&� ÔájáÖsÁT #ûjáT>·\ eTs=¿£ sÁkÍjáTq+
y�w¾+>ḱþ&� ýñ<� �³¼\ kþ&�. (Na

2
 CO

3
 . 10H

2
O)

uñ¿ì+> ́ kþ&�qT yû&� #û�dï kþ&�jáT+ ¿±sÃÒHû{Ù @sÁÎ&�³+ MTsÁT >·eT�+#�sÁT.
kþ&�jáT+ ¿±sÃÒHû{ÙqT |�Úq: d�Î{ì¿¡sÁD+  (Recrystallisation) #û�dï y�w¾+>́ kþ&� \_ód�Tï+~.
�~ Å£L&� ÿ¿£ ¿�±sÁ d�Çuó²e+ >·\ \eDyûT.
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fig-10: Removing water

of crystallisation

Test tube
Water droplets

Copper

sulphate

Boiling

tube

Bunsen

Burner

Na
2
 CO

3
 + 10 H

2
O     g   Na

2
 CO

3·10 H
2
O

Sodium carbonate and sodium hydrogen carbonate are useful chemicals

for many industrial processes.

Uses of Washing soda

1 Sodium carbonate (washing soda) is used in glass, soap and paper

industries.

2 It is used in the manufacture of sodium compounds such as borax.

3 Sodium carbonate can be used as a cleaning agent for domestic

purposes.

4 It is used for removing permanent hardness of water.

What does 10 H
2
O signify from the above equation?

Does it make Na
2
CO

3
 wet?

Are the crystals of salts really dry?

Let us find

3.8  Removing water of crystallisation

Activity  16

- Take a few crystals of copper

sulphate in a dry test tube and heat the

test tube.

· What change did you notice in the

colour of the copper sulphate after

heating?

· Did you notice water droplets on

sides of the test tube?  Where did

they come from?

Add 2-3 drops of water on the

sample of copper sulphate obtained

after heating.

· What do you observe?  Is the blue colour of copper sulphate restored?

In the above activity copper sulphate crystals which seem to be dry

contain the water of crystallization, when these crystals are heated, water

present in crystals is evaporated and the salt turns white.

When the crystals are moistened with water, the blue colour reappears.

Water of crystallization is the fixed number of water molecules present

in one formula unit of a salt.  Five water molecules are present in one

formula unit of copper sulphate.  Chemical formula for hydrated copper

sulphate is CuSO
4·5 H

2
O.
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 Na
2
 CO

3
 + 10H

2
O g Na

2
 CO

3
 . 10 H

2
O

kþ&�jáT+ ¿±sÃÒHû{Ù,  kþ&�jáT+ �VÕ²ç&ÃÈH� ¿±sÃÒHû{Ù\T nHû¿£ bÍ]çXæ$T¿£ ç|�ç¿ìjáT\ýË
�|�jîÖ>· |�&û eTTK«yîT®q sÁkÍjáTH�\T>± �|�jîÖ>·|�&�Ô�sTT.
y�w¾+>́ kþ&� �|�jîÖ>±\T.

1 >±E, d��TÒ\T, ¿±ÐÔá+ |�]çXøeT\ýË kþ&�jáT+ ¿±sÃÒHû{Ù (y�w¾+>´ kþ&�)
�|�jîÖÐkÍïsÁT.

2 u¤s�¿ùà (borax) e+{ì kþ&�jáT+ d�yûT�ÞøH�\ ÔájáÖ¯¿ì B�� �|�jîÖÐkÍïsÁT.
3 >·�V�äed�s�\ýË, kõ&�jáT+ ¿±sÃÒHû{ÙqT ed�TïeÚ\qT Xø�çuó�|�sÁ#á&��¿ì �|�jîÖÐkÍïsÁT.
4 ú{ì jîTT¿£Ø XæXøÇÔá ¿±]Äq«ÔáqT Ô=\Ð+#á&��¿ì Å£L&� B�� �|�jîÖÐkÍïsÁT.
�|Õ d�MT¿£sÁD+ýË� \eD+ d�+¹¿Ôá+ýË 10H

2
O <û�� d�Öºd�Tï+~ ?

10H
2
O nHû~ Na

2
 CO

3
 � Ôá&�>± eÖsÁTd�Tï+<� ?

\eD d�Î{ì¿±\T �È+>± bõ&�>± �+{²jáÖ?
3.8  d�Î{ì¿¡¿£sÁD+` ú{ì� Ô=\Ð+#á&�+

` ¿=�� ¿±|�sY d�ýñÎÛ{Ù d�Î{ì¿±\qT ÿ¿£ bõ&� |�̄ ¿£� H�[¿£ýË¿ì rd�T¿=� yû&� #ûjáT+&�.
yû&� #ûd¾q |¾<�|� ¿±|�sY d�ýñÎ Û{Ù d�Î{ì¿±\

sÁ+>·TýË @+ eÖsÁTÎqT  >·eT�+#�sÁT ?
|�̄ ¿£� H�[¿£ ýË|�\ >Ã&�\�|Õ ú{ì _+<�TeÚ\T

@sÁÎ&�³+ >·T]ï+#�s�? � ú{ì _+<�TeÚ\T m¿£Ø&� qT+&�
e#�ÌsTT?
yû&� #ûd¾q ÔásÁTy�Ôá \_ó+ºq ¿±|�sY d�ýñÎ{Ù Å£� 2`3
#áT¿£Ø\T ú{ì� ¿£\|�+&�.

MT¹s$T >·eT�+#�sÁT ? ¿±|�sY d�ýñÎÛ{Ù jîTT¿£Ø
sÁ+>·T Ü]Ð |�PsÁÇd¾�ÜýË� ú* sÁ+>·TÅ£� eÖ]+<�?
bõ&�>± ¿£�|¾+#û ¿±|�sY  d�ýñÎÛ{Ù d�Î{ì¿±\T d�Î{ì¿£
Èý²�� ¿£*Ð �+{²sTT. yû&� #ûd¾q|�ÚÎ&�T � d�Î{ì¿£
È\+ �$sÁ>·T³ e\q n~ Ôî\¢>± eÖsÁTÔáT+~.

Ôî\¢� \eD²�¿ì ú{ì� ¿£*|¾q|�ÚÎ&�T eTsÁ\ ú* sÁ+>·T d�Î{ì¿±\T @sÁÎ&� ��sÁÝ\eD+
(hydrated salt) >± eÖ]+~.
ÿ¿£ \eD+ jîTT¿£Ø b�ÍsÁT�ý² jáTÖ�{ÙýË �]Ýw�¼ d�+K«ýË �+&û ú{ì nDTeÚ\qT
d�Î{ì¿£ È\+ n+{²+. ¿±|�sY d�ýñÎÛ{Ù b�ÍsÁT�ý² jáTÖ�{Ù ×<�T ú{ì nDTeÚ\qT ¿£*Ð
�+³T+~. ��sÁÆ ¿±|�sY d�ýñÎÛ{Ù sÁkÍjáTq b�ÍsÁT�ý² CuSO

4
•5 H

2
O.

|�³+`10: d�Î{ì¿£+ýË�  ú{ì�
Ô=\Ð+#á&�+

|�³¼¿±sÁT
ú{ì �$]

¿±|�sY d�ýñÎÛ{Ù
d�Î{ì¿±\T

>·{ì¼ >±E
|�̄ ¿£� H�[¿£

�THîàH�
�sÁ�sY

¿£�Ôá«+  16
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·    Now you would be able to answer the question whether the molecule of

Na
2
 CO

3·10 H
2
O is wet or not.

Another salt which possesses water of crystallisation is gypsum. It has

two water molecules in its crystals and the formula is CaSO
4· 2H

2
O.

Let us see the use of this salt.

3.8.1   Plaster of paris (CaSO
4
 · ½ H

2
O)

On careful heating of gypsum (CaSO
4
 2 H

2
O) at 373 K it loses water

molecules partially to become calcium sulphate hemihydrate

(CaSO
4·½ H

2
O).  This is called plaster of paris, the substance which doctors

use as plaster for supporting fractured bones in the right position.  Plaster of

paris is a white powder and on mixing with water, it sets into hard solid mass

due to the formation of gypsum.

CaSO
4· ½ H

2
O    +     1½ H

2
O   g    CaSO

4· 2H
2
O

        (Plaster  of  Paris)                                                (Gypsum)

Note: You might have noticed that only half a water molecule is shown to

be attached as water of crystallisation.

· How can you get half a water molecule?

It is written in this form because two formula units of CaSO
4
 share one

molecule of water.

Plaster of paris is used for making toys, materials for decoration and for

making surfaces smooth.

Key words

Indicator, Acid, Base, Red litmus, Blue litmus, Phenolphthalein, Methyl orange,

Salts, Neutralization, Guard tube, Hydronium ion, Alkali, Strong acid, Strong base,

Universal indicator,   pH scale,  Antacids, tooth decay, Family of Salts, Common

salt, Bleaching powder, Baking soda, Washing soda,Hydrated salt, Water of

crystallization, Plaster of Paris.
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�|�ð&�T MTsÁT y�w¾+>́ kþ&� b�ÍsÁT�ý²  (Na
2
 CO

3
•10 H

2
O)  �<ó�sÁ+>± n~ Ôá&�>±

ýñ¿£ bõ&�>± �q�<�  #î|�Î>·\s�?
d�ÎÛ{ì¿£Èý²�� ¿£*Ð �+&û eTs=¿£ ��sÁÝ \eD+ �|�à+ (CaSO

4
•2H

2
O)

� \eD+ �|�jîÖ>±�� eTq+ �|�ÚÎ&�T |�]o*<�Ý+.

3.8.1  bÍ¢d�¼sY �|t bÍ]dt (Plaster of Paris) (CaSO
4
 ½  H

2
O)

�|�à+ (CaSO
4 
• 2H

2
O) qT 373 K �cþ�ç>·ÔáÅ£� HîeT�~>±qT nÜ C²ç>·Ôáï>±qT yû&�

#û�dï, bÍ¿ì�¿£+>± ú{ì nDTeÚ\qT ¿ÃýËÎsTT ¿±*üjáT+ d�ýñÎÛ{Ù �V²$T�VÕ²ç&û{Ù
(CaSO

4
•1/2 H

2
O)>± eÖsÁTÔáT+~. B�� bÍ¢d�¼sY �|�t bÍ]dt n+{²s. eTq Xø̄ sÁ+ýË

$]Ðq meTT¿£\qT Ü]Ð d�ç¿£eT+>± nÜ¿ì+#á&��¿ì yû�d ¿£³T¼ýË &�¿£¼sÁT¢ B��
�|�jîÖÐkÍïsÁT. bÍ¢d�¼sY �|�t bÍ]dt Ôî\¢>± �+&û ÿ¿£ #áÖs�Á |�<�sÁÆ+.  B�� ú{ìÔÃ
¿£*|¾q|�ð&�T �|�à+ @sÁÎ&�³+ e\q n~ ÿ¿£ <��&ó�yîT®q |��Tq |�<�sÁ�+>± eÖsÁTÔáT+~.

CaSO
4
 • ½ H

2
 O + 1 ½ H

2
O g       CaSO

4
 • 2H

2
O

  bÍ¢d�¼sY �|�t bÍ]dt             �|�à+

>·eT�¿£ : �|Õ d�MT¿£sÁD+ýË d�>·+ ú{ì nDTeÚqT eÖçÔáyûT d�ÎÛ{ì¿£È\+>±
#áÖ|¾+#á&��� MTsÁT >·eT�+º �+{²sÁT.

d�>·+ ú{ì nDTeÚqT MTsÁT mý² bõ+<�>·\sÁT ?

Âs+&�T b�ÍsÁT�ý² jáTÖ�³¢ CaSO
4
\T ÿ¿£ ú{ì nDTeÚqT |�+#áTÅ£�+{²sTT n� �|Õ

d�MT¿£sÁD+ Ôî*jáT#ûd�Tï+~.

bÍ¢d�¼sY �|�t bÍ]dtqT u¤eT�\ ÔájáÖ¯ýËqT, n\+¿£sÁDÅ£� �|�jîÖÐ+#û |�<�s�Ý\
ÔájáÖ¯¿ì, >Ã&�\T eT]jáTT �ÔásÁ ¿£³¼&�\ �|�]Ôáý²\qT qTqT|�Ú #ûjáT&�+ yîTT<�ýÉÕq
ned�s�\Å£� �|�jîÖÐkÍïsÁT.

¿¡\¿£ |�<�\T

d�Öº¿£\T, �eT¢+, ¿�±sÁ+, mçsÁ *³�dt, ú* *³�dt, |�¾H�|�ï©H�, $T<̧îÕýÙ �Âs+CÙ, \eD+,

Ôá³dÓ�¿£sÁD+, �¯̈©¿£sÁD >Ã³¼+ �VÕ²ç&Ã�jáT+ njáÖH�, �\Ø©, �\yîT®q �eT¢+, �\yîT®q¿�±sÁ+,

kÍsÁÇçÜ¿£ d�Öº¿£, pH �dØ\T, @+{²d¾&�, <�+Ôá¿£�jáT+, \eD²\ Å£�³T+�+, kÍeÖq«\eD+

$sÁ+Èq #áÖsÁ�+, uñ¿ì+>́ kþ&�, y�w¾+>́ kþ&�, ��sÁÝ\eD+, d�ÎÛ{ì¿£ È\+, bÍ¢d�¼sY �|�t bÍ]dt.
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· Acid – base indicators are dyes or mixtures of dyes which are used to detect the presence of

acids and bases.

· Acidic nature of a substance is due to the formation of H+ (aq) ions in solution.  Formation of

OH- (aq) ions in solution is responsible for the basic nature of a substance.

· When a base reacts with a metal with the evolution of hydrogen gas, a salt is formed.

· When an acid reacts with a metal carbonate or metal hydrogen carbonate gives the corresponding

salt, carbon dioxide gas and water.

· Acidic and basic solutions in water conduct electricity because they produce hydrogen ions and

hydroxide ions respectively.

· The strength of an acid or an alkali can be tested by using a scale called the pH scale (0-14)

which gives the measure of hydrogen ion concentration in a solution.

· A neutral solution has a pH of 7, while an acidic solution has a pH less than 7 and a basic

solution has a pH more than 7.

· Living beings carry out their metabolic activities within an optimal pH range.

· Mixing concentrated acids or bases with water is a highly exothermic process.

·  Acids and bases neutralize each other to form corresponding salts and water.

·  Water of crystallization is the fixed number of water molecules chemically attached to each

formula unit of a salt in its crystalline form.

·  Salts have various uses in everyday life and in industries.

I.    Reflections on concepts

1. An acid or a base is mixed with water. Is this process exothermic or

endothermic one? (AS
1
)

2. Distilled water does not conduct electricity. Why? (AS
1
)

3.  Draw a neat diagram for showing acid solution in water conducting electricity. (AS
5
)

4. Why the flow of acid rain into a river make the survival of aquatic life in a river difficult? (AS
7
)

5. How does baking powder make the cake soft and spongy? (AS
7
)

II.    Application of concepts

1. Five solutions A, B, C, D and E when tested with universal indicator showed pH as 4, 1, 11,

7 and 9, respectively, classify the solutions as given below.(AS
1
)

(a) neutral (b) strongly alkaline (c) strongly acidic

(d) weakly acidic (e) weakly alkaline

Improve your learning

What we have learnt
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�eT¢̀ ¿�±sÁ d�Öº¿£\T n<�Ý¿£+ (dye) ýñ<� n<�Ý¿£+ jîTT¿£Ø $TçXøeT+. M{ì� �eT¢̀ ¿�±sÁ ç<�eD²\qT >·T]ï+#á&��¿ì
y�&�Ô�+.
ÿ¿£ ç<�eD+ýË H+

 
njáÖH� �+&�&�+ e\q � ç<�eD²�¿ì �eT¢ <ó�sÁ�+ ed�Tï+~. n<û $<ó�+>± OH-

njáÖH� �+&�³+ e\q � ç<�eD²�¿ì ¿�±sÁ <ó�sÁ�+ @sÁÎ&�TÔáT+~.
ÿ¿£ ¿�±sÁ+, ýËV�²+ #ásÁ« bõ+~q|�Ú&�T �VÕ²ç&ÃÈH� y�jáTTeÚ eT]jáTT � ýËV�²+ jîTT¿£Ø \eD+ @sÁÎ&�Ô�sTT.
ÿ¿£ �eT¢+, ÿ¿£ ýËV�² ¿±sÃÒHû{ÙÔÃ ýñ<� uÉÕ ¿±sÃÒHû{ÙÔÃ #ásÁ« È]|¾q|�ð&�T y�{ì \eD²\T, ¿±sÁÒH�&îÕ�Â¿Õà&�,
úsÁT @sÁÎ&�Ô�sTT.
�eT¢, ¿�±sÁ ç<�eD²\T $<�T«<�ÇV�²¿±\T>± |�� #ûjáTT³Å£� ¿±sÁD+ y�{ìýË H+,  OH- \qT ¿£*Z �+&�³yûT.
pH �dØ\T (0`14) <�Çs� �eT¢̀ ¿�±sÁ ç<�eD²\ jîTT¿£Ø �ý²�� >·T]ï+#áe#áTÌ. � pH �dØ\T � ç<�eD+ýË
�VÕ²ç&ÃÈH� njáÖH�\ >±&ó�ÔáqT Ôî*jáTCñd�Tï+~.
Ôá³d�� ç<�eD²\ jîTT¿£Ø pH $\Te 7 >±qT �eT¢ ç<�eD²\ jîTT¿£Ø  pH  $\Te 7 ¿£+fñÉ ÔáÅ£�Øe>±qT,
¿�±sÁ ç<�eD²\ jîTT¿£Ø pH $\Te 7 ¿£+fñ mÅ£�Øe>±qT, �+³T+~.
Jes�Xø�\ jîTT¿£Ø Jeq ç|�ç¿ìjáT\T �]�w�÷ pH |�]$TÜ¿ì ýË�&� ÈsÁT>·TÔ�sTT.
�\yîT®q �eT¢, ¿�±s�\T ÿ¿£<��ÔÃ ÿ¿£{ì #ásÁ«H=+~q|�ð&�T n~ó¿£+>± �w��Xø¿ìï $&�T<�\ neÚÔáT+~. �
#ásÁ«qT �w�� yîÖ#á¿£ #ásÁ« n+{²s.
�eT¢, ¿�±s�\T ÿ¿£ <��ÔÃ ÿ¿£{ì #ásÁ«H=+~Ôû y�{ì \eD²\T, úsÁT @sÁÎ&�Ô�sTT.
d�ÎÛ{ì¿£È\+ ¿£*Ðq ¿=�� \eD²\T y�{ìýË KºÌÔáyîT®q d�+K«ýË ú{ì nDTeÚ\qT ¿£*Ð �+{²sTT.
¿=�� \eD²\qT �Ôá« J$Ôá+ýË, |�]çXøeT\ýË �|�jîÖÐkÍïsÁT.

I. uó²eq\�|Õ ç|�Üd�Î+<�q\T:
1. �eT¢eTT / ¿�±sÁeTT qT ú{ì¿ì ¿£*bÍsÁT. �~

�w��yîÖ#á¿£ #ás�« ýñ¿£ �w��ç>±V�²¿£ #ás�«? (AS
1
)

2. �dÇ<�qÈ\+ $<�T«<�ÇV�²¿£ÔáqT ç|�<�]ô+#á<�T. m+<�TÅ£�?  (AS
1
)

3. ú{ìýË ¿£]Ðq �eT¢ç<�eD+ $<�T«ÔYy�V�²¿£ÔáqT ¿£*Z �+³T+<�� #áÖ�| ç|�jîÖ>· |�{²�� ^jáT+&�. (AS
5
)

4. �eT¢esÁü|�Ú úsÁT #îsÁTeÚ/q<�T\ýË�¿ì eºÌ #û]q|�ð&�T È\#ás�\ ��¿ì¿ì ç|�eÖ<�+. m+<�TÅ£�? (AS
7
)

5. uñ¿ì+>´ bå&�sYqT ¹¿¿ù ÔájáÖ]ýË y�&�q|�ð&�T eT�<�TeÚ>± eT]jáTT yîTÔáï>± mý² #ûd�Tï+~ ? (AS
7
)

II. uó²eq\ nqTesÁïH�\T

1. A, B, C, D & E nHû ç<�eD²\ pH $\Te\T kÍsÁÇçÜ¿£ d�Öº¿£ <�Çs� |�̄ ¿ì�+ºq|�Ú&�T n$ esÁTd�>±
4,1,11,7 & 9>± >·T]ï+#á�&�H�sTT. � ç<�eD²\qT ç¿ì+<� �|s=Øq� $<ó�+>± e Z̄¿£]+#á+&�. (AS

1
)

m) Ôá³d�� ç<�eD+ _) �\yîT®q ¿�±sÁ+    d¾) �\yîT®q �eT¢+
&�) �\VÓ²q �eT¢+ �) �\VÓ²q ¿�±sÁ+

eTq+ @+ HûsÁTÌÅ£�H��+?

nuó�«d�H��� yîTsÁT>·T|�sÁ#áTÅ£�+<�+
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2. Why does tooth decay start when the pH of mouth is lower than 5.5? (AS
1
)

3. A milkman adds a very small amount of baking soda to fresh milk. Write reasons for the

following.  (AS
2
)

a) Why does he shift the pH of the fresh milk from acidic nature to slightly alkaline?

b) Why does this milk take a long time to set as curd?

4. Plaster of Paris should be stored in moisture – proof container. Explain why? (AS
1
)

5. Magnesium ribbons of same size are taken in test tubes A and B. Hydrochloric acid is added

to test tube A, while acetic acid is added to test tube B. The  concentrations of both the acids

are the same. In which test tube will the fizzing occur more vigorously ? why? (AS
3
)

III.   Higher Order Thinking Questions

1. Fresh milk has a pH of 6.6. Explain why the pH changes as it turns into curd? (AS
3
)

2. How do you prepare an indicator using beetroot? Explain. (AS
5
)

1. The colour of methyl orange indicator in acidic medium is [ ]

A) Yellow  B) green C) orange D) red

2. The colour of phenolphthalein indicator in basic solution is [ ]

A) yellow B) green C) pink D) orange

3. Colour of methyl orange in alkali conditions? [  ]

A) orange B) yellow C) red D) blue

4. A solution turns red litmus blue, its pH is likely to be [  ]

A) 1 B) 4 C) 5 D) 10

5. A solution reacts with crushed egg-shells to give a gas that turns lime-water milky. The

solution is of [ ]

A) NaCl B) HCl C) LiCl D) KCl

6. If a base dissolves in water by what name is it better known? [  ]

A) neutral B) base C) acid D) alkali

Multiple choice questions
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2. HÃ{ìýË pH $\Te 5.5 ¿£+fñ ÔáÅ£�Øe>± �q�|�ð&�T <�+Ôá¿£�jáT+ m+<�TÅ£� çbÍsÁ+uó�+ neÚÔáT+~?(AS
1
)

3. bÍ\y�«bÍ] ¿=~Ý>± ÜHû kþ&�qT bÍ\Å£� ¿£*|¾H�&�T.
� ç¿ì+~ y�{ì¿ì ¿±sÁD²\T çy�jáT+&�. (AS

2
)

m) m+<�TÅ£� � bÍ\jîTT¿£Ø pH $\TeqT �eT¢ÔáÇ+ qT+&� ¿�±sÁÔ�Ç�¿ì eÖs�Ì&�T?
_) � bÍ\T �|sÁT>·T>± eÖsÁT³Å£� mÅ£�Øe d�eTjáT+ m+<�TÅ£� |�{ì¼+~?

4. bÍ¢d�¼sY �|�t b�Í]dtqT Ôá&�ýñ�, >±* kþ¿£� bÍçÔá\ýË �\Ç #ûkÍïsÁT. m+<�TÅ£�? (AS
1
)

5. d�eÖq |�]eÖD²\Tq� yîT^�w¾jáT+ eTT¿£Ø\qT A,B |�̄ ¿£� H�[¿£ýýË rd�T¿=� d�eÖq >±&ó�Ôá ¿£*Ðq �VÕ²ç&Ã¿Ã¢]¿ù
�eT¢+, md¾{ì¿ù �eÖ¢\qT $&�$&�>± ¿£*|¾q|�ð&�T @ ç<�eD+ q+<�T #ásÁ« yû>·+>± ÈsÁT>·TÔáT+~?
m+<�TÅ£�? (AS

3
)

III.  �ýË#áH�Ôá�¿£ ç|�Xø�\T

1. n|�ð&û |¾+&�q bÍ\jîTT¿£Ø pH $\Te 6.6 ¿±� B�� �|sÁT>·T>± eÖ]Ìq|�Î&�T pH m+<�TÅ£� eÖsÁTÔáT+~.
$e]+#áTeTT.(AS

3
)

2. ;{ÙsÁÖ{ÙqT �|�jîÖÐ+º MT d�Ç+Ôá d�Öº¿£qT @ý² ÔájáÖsÁT #ûkÍïsÁT? $e]+#á+&� (AS
3
)

1. �eT¢ ç<�eD²\ýË $T<̧îÕýÙ �sÁ+CÙ d�Öº¿£ jîTT¿£Ø sÁ+>·T. [ ]0

m) |�d�T|�Ú _) �Å£�|�#áÌ d¾) �sÁ+CÙ &�) msÁT|�Ú

2. ¿�±sÁ ç<�eD²\ýË |�¾H�|��ï©H� d�Öº¿£ jîTT¿£Ø sÁ+>·T. [ ]

m) |�d�T|�Ú _) �Å£�|�#áÌ d¾) |¾+¿ù &�) �sÁ+CÙ

3. ¿�±sÁ d¾�Ü (alkali condition)ýË $T<î̧ÕýÙ �sÁ+CÙ d�Öº¿£ sÁ+>·T. [ ]

m) �sÁ+CÙ _) |�d�T|�Ú d¾) msÁT|�Ú &�) ú*sÁ+>·T

4. ÿ¿£ ç<�eD+ mçsÁ*³�dtqT ú*sÁ+>·TýË¿ì eÖ]Ì+~. <�� pH $\Te ......... ¿±e#áTÌ. [ ]

m) 1 _) 4 d¾)  5 &�)  10
5. ÿ¿£ ç<�eD+ |�Ð*q ¿Ã&� >·T&�T¦ bõ³T¼ÔÃ #ásÁ« È]|¾q|�ð&�T $&�<�\jûT« y�jáTTeÚ d�Tq�|�Ú Ôûî³qT bÍ\eýÉ

eÖ]Ì+~. � ç<�eD+ ¿ì+~ y�{ìýË <û�� ¿£*Ð �+³T+~? [ ]

m) NaCl _) HCl d¾) LiCl &�) KCl

6. ú{ìýË ¿£]¹> ¿�±s�\qT �ý² |¾\TkÍïsÁT [ ]

m) Ôá³d�� _) ¿�±sÁ d¾) �eT¢ &�) ¿�±sÁjáTTÔá

d�ÂsÕq d�eÖ<ó�H��� mqT�¿Ã+&�
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7. Which of the following substances when mixed together will produce table salt? [         ]

A. Sodium thiosulphate and sulphur dioxide

B. Hydrochloric acid and sodium hydroxide

C. Chlorine and oxygen

D. Nitric acid and sodium hydrogen carbonate

8. What colour would hydrochloric acid (pH=1) turn universal indicator? [         ]

A) orange B) purple  C) yellow D) red

9. Which one of the following types of medicines is used for treating indigestion? [        ]

A) antibiotic B) analgesic C) antacid D) antiseptic

10. What gas is produced when magnesium is made to react with hydrochloric acid? [        ]

A) hydrogen B) oxygen C) carbon dioxide D) chlorine

       Suggested Experiments

1. Compounds such as alcohols and glucose contain hydrogen but are not categorized as

acids. Describe an activity to prove it.

2. What is meant by “water of crystallization” of a substance? Describe an activity to show the

water of crystallization.

          Suggested Projects

1. How do you Select  a good place to plant a tree in your school / at home.Test the soil and

investigate and write a report on it.

2. Do all vegetables are acids?To find this investigate with pH paper and tabulate the values

and write a report on it.

3. Collect information about importance of the pH  value in daily life to human beings as well as

plants.

4. Try to collect the information for calling calcium sulphate hemihydrates as Plaster

of Paris.
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7. � ç¿ì+~ y��ýË @ |�<�s��\qT ¿£*|¾q|�Ú&�T kÍ<ó�sÁD \eD²�� �kÍïsTT? [ ]

m) kþ&�jáT+ <̧�jîÖd�ýÉÎÛ{Ù, d�\ÎÛsY &îÕ �Â¿Õà&�

_) �VÕ²ç&Ã¿Ã¢]¿ù �eT¢+, kþ&�jáT+ �VÕ²ç&�Â¿Õà&�
d¾) ¿Ã¢]H�, �¿ìàÈH� y�jáTTeÚ

&�) qçÜ¿±eT¢+, kþ&�jáT+ �VÕ²ç&ÃÈH� ¿±sÃÒHû{Ù

8. �VÕ²ç&Ã¿Ã¢]¿ù �eT¢+ kÍsÁÇçÜ¿£ pH d�Öº¿£ÔÃ @sÁÎsÁ#û sÁ+>·T (pH =1) [ ]

m) �sÁ+CÙ _) }<� d¾) |�d�T|�Ú &�) msÁT|�Ú

9. � ç¿ì+~ y��ýË @ eT+<�TqT nJs���¿ì �|�jîÖÐkÍïsÁT. [ ]

m) jáÖ+{¡�jîÖ{ì¿ù  _) mH�*�d¾¼¿ù d¾) jáÖ+{²d¾&� &�) jáÖ+{ì�d|¾¼¿ù
10. yîT^�w¾jáT+ ýËV�²+, �VÕ²ç&Ã¿Ã¢]¿ù �eÖ¢\ eT<ó�«#ásÁ« e\q @sÁÎ&û y�jáTTeÚ [ ]

m) �VÕ²ç&ÃÈH� _) �¿ìàÈH� c) ¿±sÁÒH� &îÕ �Â¿Õà&� &�) ¿Ã¢]H�

     ç|�jîÖ>±\T

1. n\ØV�äýÙ >·Ö¢¿ÃCÙ e+{ì d�yûT�ÞøH�\T �VÕ²ç&ÃÈH�qT ¿£*Ð �q�|�Î{ì¿¡ n$ �eÖ¢\T ¿±eÚ. B�� ÿ¿£
¿£�Ôá«+ <�Çs� $e]+#áTeTT.

2. \eDeTT jîTT¿£Ø d�Î{ì¿£ È\+ n+fñ @$T{ì? B�� ÿ¿£ ¿£�Ôá«+ <�Çs� $e]+#áTeTT.

      çbÍCÉÅ£�¼\T

1. MT bÍsÄÁXæ\ýË>±�, �+{ìe<�Ý >±�, yîTT¿£Ø\T �|+#áT³Å£� nqTyîÕq Hû\ (eT�Üï¿£) mý² m+#áT¿=+{²eÚ?
eT�Üï¿£qT |�̄ ¿ì�+º ÿ¿£ �yû~¿£ ÔájáÖsÁT #ûjáT+&�.

2. n�� Å£LsÁ>±jáT\T �eÖ¢ý²? pH �||�sY �|�jîÖÐ+º Å£LsÁ>±jáT\ pH $\Te\qT ¿£qT>=� |�{ì¼¿£ýË
qyîÖ<�T #ûd¾ ÿ¿£ �yû~¿£ s�jáT+&�.

3. �Ôá«J$Ôá+ýË eTqTw�§\T eT]jáTT yîTT¿£Ø\Å£� pH $\Te jîTT¿£Ø çbÍeTTK«ÔáqT Ôî\T|�Ú d�eÖ#�s���
�d¿£]+º �yû~¿£ s�jáT+&�.

4. ¿±*üjáT+ d�ýñÎÛ{Ù  �V²$T �VÕ²ç&û{Ù qT bÍ¢d�¼sY �|�t bÍ]dt n� m+<�TÅ£� |¾\TkÍïyîÖ Ôî*jáTCñ�d d�eÖ#�s���
�d¿£]+#á+&�.
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Refraction of Light at

Curved Surfaces4

CHAPTER

It is a common observation that some people use spectacles for

reading. The watch repairer uses a small magnifying glass to see tiny

parts of a watch.

· Have you ever touched a magnifying glass with your hand?

· Have you touched the glass in the spectacles used for reading with

your hand?

· Is it a plane surface or curved surface?

· Is it thicker in the middle or at the edge?

We have learnt about refraction of light at a plane surface in the previous

class. Now let us understand refraction of light at curved surfaces.

Let us do an activity to understand refraction of light at curved surfaces.

4.1 Refraction of light at a curved surface

Activity 1

Draw an arrow of length 4 cm using a black sketch pen on a thick sheet of

paper. Take an empty cylindrical-shaped transparent vessel such as glass

tumbler. Keep it on the table. Ask your friend to bring that sheet of paper

on which arrow was drawn behind the vessel while you looking at it from

the other side (The arrow mark should be in horizontal position).

· What do you see?

You will see a diminished (small-sized) image of the arrow

· Why do you see a diminished image?
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kÍ<ó�sÁD+>± ¿=+ÔáeT+~ #á~yû³|�ð&�T ¿£ÞøßCË&�T <ó�]+#á&�+ MTsÁT #áÖ�d
�+{²sÁT. ný²¹> >·&�jáÖs�\T u²>·T#û�d e«¿ìï >·&�jáÖsÁ+ýË� ºq�ºq� uó²>±\qT
#áÖ&�&��¿ì uó�ÖÔá<�Ý�� �|�jîÖÐkÍï&�T.
· uó�ÖÔá<�Ý�� MT #ûÜÔÃ m|�ð&îÕH� Ô�¿ì #áÖXæs�?
· #á<�e&��¿ì y�&û ¿£ÞøßCË&�T n<�Ý\qT MT #ûÜÔÃ Ô�¿ì #áÖXæs�?
· � n<�Ý\T d�eTÔá\+>± �H��jáÖ? eç¿£+>± �H��jáÖ?
· � n<�Ý\T eT<ó�«uó²>·+ýË eT+<�+>± �H��jáÖ? n+#áT\ e<�Ý eT+<�+>± �H��jáÖ?

d�eTÔáý²\ <�Çs� ¿±+Ü eç¿¡uó�eq+ >·T]+º eTq+ ¿ì+<�{ì ÔásÁ>·ÜýË HûsÁTÌÅ£�H��+.
� bÍsÄ�«+Xø+ýË eç¿£Ôáý²\ <�Çs� ¿±+Ü eç¿¡uó�eq+ >·T]+º Ôî\Td�TÅ£�+<�+.

eç¿£Ôáý²\ <�Çs� ¿±+Ü eç¿¡uó�eH��� ne>±V�²q #ûd�T¿Ã&��¿ì ÿ¿£ ¿£�Ô�«��
�sÁÇV¾²<�Ý+.

4.1 eç¿£Ôáý²\ <�Çs� ¿±+Ü eç¿¡uó�eq+

¿£�Ôá«+  1
eT+<�bÍ{ì ¿±ÐÔá+eTT¿£Ø�|Õ »q\T|�Ú �dØ#Y�|H�µÔÃ 4 �d+.MT. bõ&�eÚ>·\ u²D+

>·TsÁTïqT ̂ jáT+&�. fñ�TýÙ�|Õ >±E >±¢d�T e+{ì ÿ¿£ d�Ö�bÍ¿±sÁ|�Ú bÍsÁ<�sÁô¿£ bÍçÔáqT+#á+&�.
MTsÁT � bÍçÔá>·T+&� #áÖd�Öï ¿±ÐÔá+�|Õ ^d¾q u²D+ >·TsÁTïqT bÍçÔáÅ£� neÔá\yîÕ|�Úq
�+#áeT� MT �d�V¾²ÔáTs�*¿ì #î|�Î+&�. (¿±ÐÔá+�|Õ u²D+ >·TsÁTï n&�¦+>± ¿ì�ÜÈ d�eÖ+ÔásÁ+>±
(horizontal) �+&�*.)
· @+ >·eT�+#�sÁT?

u²D+ >·TsÁTï ¿£+fñ ÔáÅ£�Øe |�]eÖD+ >·\ ç|�Ü_+u²�� MTsÁT >·T]ïkÍïsÁT.
· ç|�Ü_+� |�]eÖD+ m+<�TÅ£� ÔáÐZ+~?

eç¿£Ôáý²\ e<�Ý ¿±+Ü
eç¿¡uó�eq+1

n<ó�«jáT+

4

¿£�Ôá«+  1
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· Is the image real or virtual?

· Can you draw a ray diagram showing how it is formed?

Ask your friend to fill the vessel with water. Look at the mark of arrow

from the same position as before.

· What do you see now?

· Do you get an inverted image?

· How could this happen?

In the first case, when the vessel is empty, light from the arrow mark

refracts at the curved interface, travels through the glass and enters into

air then it again undergoes refraction on the opposite

curved surface of the vessel (at the other end from where

we are looking) and comes out into the air. In this way

light travels through two media and comes out of the

vessel and forms a diminished image.

In the second case, light enters through the curved

surface, travels through water, comes out of the glass  and

forms an inverted image.

When the vessel is filled with water, there is a curved

interface between two different media (air and water). Assume that the

refractive indices of both water and glass are the same (infact they are not

equal). This setup of air and water separated by a curved surface is shown

in fig.- 1.

· What happens to a ray that is incident on a curved

surface separating the two media?

· Are the laws of refraction still valid?

Let us find out.

Consider a curved surface separating two different

media as shown in fig.- 2. The centre of the sphere, of

which curved surface is a part, is called as the centre of

curvature. It is denoted by letter ‘C’.

Any line drawn from the centre of curvature to a point

on the curved surface  becomes normal to the curved

surface at that point. The direction of the normal changes from one point

to another point on the curved surface. The centre of the curved surface is

called the pole (P) of the curved surface. The line that joins the centre of

curvature and the pole is called ‘principal axis’.

· How do rays bend when they are incident on a curved surface?

fig-1

fig-2

Air Water
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surface

P
C

Light

rays
Normal

Principal
axis

S
C
E
R
T, T

E
LA

N
G
A
N
A
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· �~ �Èç|�Ü_+�eÖ? $T<¸�«ç|�Ü_+�eÖ?
· � ç|�Ü_+�+ @sÁÎ&�q $<ó�H��� $e]+#û ¿ìsÁD ºçÔá+ MTsÁT ^jáT>·\s�?

>±EbÍçÔáqT ú{ìÔÃ �+|�eT� MT �d�V¾²ÔáTs�*¿ì #î|�Î+&�. MTsÁT n<û kÍ�q+ýË
�\�&� yîTT<�³ #áÖd¾q³T¢>±Hû u²D+ >·TsÁTïqT |�]o*+#á+&�.
· �|�ð&û+ >·eT�+#�sÁT?
· ç|�Ü_+�+ e«Ü¹s¿£ ~XøýË @sÁÎ&�&�+ MTsÁT >·eT�+#�s�?
· �ý² m+<�TÅ£� È]Ð+~?

yîTT<�{ì d�+<�sÁÒÛ+ýË, bÍçÔá U²°>± �q�|�ð&�T u²D+ >·TsÁTïqT+&� e#ûÌ ¿±+Ü
eç¿£Ôá\+ e<�Ý eç¿¡uó�eq+ #î+~ >±E >·T+&� ç|�jáÖDì+º+~.
Ôás�ÇÔá  >±EqT+&� >±*ýË¿ì #û] bÍçÔájîTT¿£Ø eTs=¿£ eç¿£Ôá\+
e<�Ý Ü]Ð ¿±+Ü eç¿¡uó�eq+ #î+<�TÔáT+~. Ôás�ÇÔá >±EýË
ç|�jáÖDì+º eTsÁý² �jáT³ >±*ýË¿ì ed�Tï+~. � eÖsÁZ+ýË
¿±+Ü Âs+&�T jáÖq¿±\ >·T+&� ç|�jáÖDì+º ÔáÅ£�Øe |�]eÖD+
>·\ ç|�Ü_+u²�� @sÁÎsÁTd�Tï+~.

Âs+&�e d�+<�sÁÒÛ+ýË ¿±+Ü eç¿£Ôá\+ýË¿ì ç|�yû¥+º ú{ì>·T+&�
ç|�jáÖDì+º, ú{ìqT+&� �jáT³Å£� e#�Ì¿£ e«Ü¹s¿£ ~XøýË �q�
ç|�Ü_+u²�� @sÁÎsÁTd�Tï+~.

bÍçÔáqT ú{ìÔÃ �+|¾q|�ð&�T >±*, úsÁT nHû Âs+&�T jáÖq¿±\ eT<ó�« ÿ¿£ eç¿£Ôá\+
�+³T+~. �¿£Ø&� >±E, úsÁT jîTT¿£Ø eç¿¡uó�eq >·TD¿±\T d�eÖqeT� uó²$<�Ý+. (�C²�¿ì
n$ d�eÖq+ ¿±eÚ). � d�+<�sÁÒÛ+ýË |�³+ `1ýË #áÖ|¾q $<ó�+>± >±*, úsÁT  nHû
Âs+&�TjáÖq¿±\T ÿ¿£ eç¿£Ôá\+#û yûsÁT#ûjáT�&�q³T¢ ¿£�|¾kÍïsTT.
· Âs+&�T jáÖq¿±\qT yûsÁT#û�d eç¿£Ôá\+�|Õ ¿±+Ü¿ìsÁD+

|�ÔáqyîT®Ôû @+ ÈsÁT>·TÔáT+~?
· eç¿¡uó�eq d�ÖçÔ�\T �¿£Ø&� Å£L&� |��#ûkÍïjáÖ?

Ôî\Td�TÅ£�+<�+!
|�³+`2ýË #áÖ|¾q $<ó�+>± Âs+&�T jáÖq¿±\qT yûsÁT #û�d

ÿ¿£ eç¿£Ôáý²�� |�]>·DqýË¿ì rd�T¿=+<�+. � eç¿£Ôá\+ @
>ÃÞ²�¿ì d�+�+~ó+ºq<Ã � >ÃÞø¹¿+ç<��� eç¿£Ô�¹¿+ç<�+ n+{²+.
B�� CÔÃ d�ÖºkÍï+.

eç¿£Ô�¹¿+ç<�+ qT+&� eç¿£Ôá\+�|Õ @<û� _+<�TeÚÅ£� ^d¾q
¹sK � _+<�TeÚ e<�Ý eç¿£Ôáý²�¿ì \+�+ (normal) neÚÔáT+~. eç¿£Ôá\+�|Õ $$<ó�
_+<�TeÚ\Å£� \+�+ ~Xø eÖsÁTÔáT+~. eç¿£Ôá\+ jîTT¿£Ø ¹¿+ç<���  ç<ó�Te+ (Pole) (P)
n+{²+. eç¿£Ô�¹¿+ç<���, <ó��y��� ¿£*�| ¹sKqT ç|�<ó�H�¿£�+ n+{²+.
· eç¿£Ôá\+�|Õ |�ÔáqyîT®q ¿±+Ü¿ìsÁD²\T mý² $#á\q+ bõ+<�TÔ�sTT?

|�³+`1

|�³+-2

>±* úsÁT

eç¿£Ôá\+

P
C

¿±+Ü
¿ìsÁD²\T \+�+

ç|�<ó�H�¿£�+
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As in the case of plane surfaces, a ray will bend towards the normal if

it travels from a rarer to denser medium and it bends away from the normal

if it travels from a denser to a rarer medium .

Let us see how we can draw ray diagrams for certain useful cases.

· What happens to a ray that travels along the principal axis? Similarly, a

ray that travels through the centre of curvature?

According to Snell’s law the ray which travels

along the normal drawn to the surface does not

deviate from its path. Hence both rays mentioned

above will travel along the normal (see fig.-3), so

they do not deviate.

·  What happens to a ray travelling parallel to the

principal axis?

Observe the following figures 4(a), 4(b), 4(c),

and 4(d). In all the cases as represented by the

diagrams, the incident ray is parallel to the principal

axis.

Case1: A ray travelling parallel to the principal axis

strikes a convex surface and passes from a rarer

medium to denser medium. (see fig.-4(a))

Case2: A ray travelling parallel to the principal axis

strikes a convex surface and passes from a denser

medium to rarer medium. (see fig.-4(b))

Case3: A ray travelling parallel to the principal axis

strikes a concave surface and passes from a denser

medium to rarer medium. (see fig-4(c))

Case4: A ray travelling parallel to the principal axis

strikes a concave surface

and passes from a rarer

medium to denser medium.

(see fig. 4(d))

· What difference do

you notice in the

refracted rays in

figures 4(a) and 4(b)?

fig-3

fig-4(a)

fig-4(b)

C

P Ray passing
along

principal
axis

Ray passing
thorugh C

Normal

Rarer
Denser

C

C

Denser

Normal

Rarer

fig-4(c)
fig-4(d)
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129 eç¿£Ôáý²\ e<�Ý ¿±+Ü eç¿¡uó�eq+$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

d�eTÔá\ �|�]Ôá\+�|Õ |�ÔáqyîT®q ¿±+ÜeýÉ eç¿£Ôá\+�|Õ |�ÔáqyîT®q ¿±+ÜÅ£L&�
$sÁÞøjáÖq¿£+ qT+&� kÍ+ç<�ÔásÁ jáÖq¿£+ýË¿ì ç|�jáÖDì+#û³|�ð&�T \+u²�¿ì <�>·ZsÁ>±
$#á\q+ bõ+<�TÔ áT+~. kÍ+ç< �Ô ás Á jáÖq¿£+ qT+&� $s ÁÞøjáÖq¿£+ýË¿ ì
ç|�jáÖDì+#û³|�ð&�T \+u²�¿ì <�ÖsÁ+>± $#á\q+ bõ+<�TÔáT+~.

�³Te+{ì d�+<�s�ÒÛ\Å£� d�+�+~ó+ºq ¿ìsÁDºçÔ�\qT mý² ^jáÖýË �|�ð&�T
Ôî\Td�TÅ£�+<�+.
·   ç|�<ó�H�¿£�+ yî+³ ç|�jáÖDì+#û ¿ìsÁD+ @eTeÚÔáT+~? ný²¹>

eç¿£Ô�¹¿+ç<�+ >·T+&� ç|�jáÖDì+#û ¿ìsÁD+ @eTeÚÔáT+~?
�d�ýÙ �jáTeT+ ç|�¿±sÁ+ Ôáý²�¿ì ̂ d¾q \+�+ yî+³ ç|�jáÖDì+#û

¿ìsÁD+ $#á\q+ bõ+<�<�T. n+<�Te\¢ �|Õq Ôî*|¾q Âs+&�T ¿ìsÁD²\Ö
\+�+ yî+fñ ç|�jáÖDìkÍïsTT. n+fñ n$ $#á\q+ bõ+<�eÚ.|�³+`3
#áÖ&�+&�.
· ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± ç|�jáÖDì+#û ¿ìsÁD+ @eTeÚÔáT+~?

¿ì+<� #áÖ|¾q 4(m), 4(_), 4(d¾) eT]jáTT 4(&�) |�{²\qT
|�]o*+#á+&�. |�{²\ýË� n��d�+<�s�ÒÛ\ýËqÖ |�Ôáq¿ìsÁD+
ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± ç|�jáÖDìd�Tï+~.

d�+<�sÁÒÛ+`1 :  ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± $sÁÞøjáÖq¿£+
qT+&� kÍ+ç<�ÔásÁ jáÖq¿£+ýË¿ì ç|�jáÖDìd�Öï Å£�+uó²¿±sÁ Ôá\+�|Õ
|�Ôáq+ #î+<û ¿ìsÁD+.(|�³+`4m)

d�+< �s Á Ò Û+`2 :  ç| �< ó �H�¿ � ±�¿ ì
d�eÖ+ÔásÁ+>± kÍ+ç<�ÔásÁ jáÖq¿£+ qT+&� $sÁÞøjáÖq¿£+ýË¿ì
ç|�jáÖDìd�Öï Å£�+uó²¿±sÁ Ôá\+�|Õ |�Ôáq+ #î+<û ¿ìsÁD+.(|�³+ `
4_)

d�+<�sÁÒÛ+`3 :  ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± kÍ+ç<�ÔásÁ
jáÖq¿£+ qT+&� $sÁÞøjáÖq¿£+ýË¿ì ç|�jáÖDìd�Öï |�Ú{²¿±sÁ Ôá\+�|Õ
|�Ôáq+ #î+<û ¿ìsÁD+. (|�³+`4d¾)
d�+<�sÁÒÛ+`4 :  ç|�<ó�H�¿�±�¿ì
d�eÖ+ÔásÁ+>± $sÁÞøjáÖq¿£+
qT+&� kÍ+ç<�ÔásÁ jáÖq¿£+ ýË¿ì
ç|�jáÖDìd�Öï |�Ú{²¿±sÁ Ôá\+�|Õ
|�Ôáq+ #î+<û ¿ìsÁD+. (|�³+`4&�)
l  4(b), 4(_) |�{²\ýË�
eç¿¡uó�eq ¿ìsÁD²\ eT<ó�« @+ Ôû&�
>·eT�+#�sÁT?

|�³+-3

|�³+-4(m)

|�³+-4(_)

C

P
ç|�<ó�H�¿£�+ yî+³
ç|�jáÖDì+#û ¿ìsÁD+

eç¿£Ô� ¹¿+ç<�+ >·T+&�
ç|�jáÖDì+#û ¿ìsÁD+

\+�+

$sÁÞø
jáÖq¿£+ kÍ+ç<�ÔásÁ jáÖq¿£+

C

C

\+�+

$sÁÞø jáÖq¿£+
kÍ+ç<�ÔásÁ
jáÖq¿£+

|�³+-4(d¾) |�³+-4(&�)

C C

\+�+

$sÁÞø
jáÖq¿£+ kÍ+ç<�ÔásÁ jáÖq¿£+

\+�+

$sÁÞø jáÖq¿£+kÍ+ç<�ÔásÁ
jáÖq¿£+
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· What could be the reason for that difference?

· What difference do you notice in refracted rays in fig.- 4c and 4d?

· What could be the reasons for that difference?

You might have noticed that in figures 4(a) and 4(c) the refracted ray reaches a

particular point on the principal axis.In figures 4(b) and 4(d) the refracted ray moves

away from the principal axis. When you extend the refracted ray backwards along the

ray as shown in 4(b) and 4(d), the  extended ray intersects the principal axis at some

point. The point where refracted ray intersects the axis in all the above cases is called

the focal point. (F)

You might have observed that a lemon in a glass of water appears bigger than its

actual size, when viewed from the sides of tumbler.

· How can you explain this change in the size of lemon?

· Is the lemon that appears bigger in size an image of lemon or is it the real lemon?

· Can you draw a ray diagram to explain this phenomenon?

Let us find out.

4.1.1  Image formation

Consider a curved surface separating two media of refractive indices n
1
 and n

2

(fig.- 5)
 
. A point object is placed on the principal axis at point O. The ray, which travels

along the principal axis passes through the pole undeviated. The second ray, which forms

an angle a with principal axis, meets the interface (surface) at A. The angle of incidence

is q
1
. The ray bends and passes through the second medium along the line AI. The angle

of refraction is q
2
. The two refracted rays meet at I and the image is formed there.

4.1.2  Derivation of curved surface formula

Let the angle made by the second

refracted ray with principal axis be g and

the angle between the normal and principal

axis be b. (see fig.- 5)

In fig.- 5,

PO is the object distance which we

denote as ‘u’

PI is image distance which we denote

as ‘v’

PC is radius of curvature which we denote as ‘R’

n
1
, n

2
 are refractive indices of two media.

Can you establish any relation between the above mentioned quantities?

fig-5

C

N

O P

n
1

n
2

A

I

a b g

q1 q2
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131 eç¿£Ôáý²\ e<�Ý ¿±+Ü eç¿¡uó�eq+$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

· � Ôû&�Å£� ¿±sÁD+ @yîT® �+³T+~?
· 4(d¾), 4(&�) |�{²\ýË� eç¿¡uó�eq ¿ìsÁD²\ eT<ó�« @+ Ôû&� >·eT�+#�sÁT?
· � Ôû&�Å£� ¿±sÁD+ @yîT® �+³T+~?

4(m) eT]jáTT 4(d¾) |�{²\ýË eç¿¡uó�eq¿ìsÁD+ ç|�<ó�H�¿£�+�|Õ ÿ¿£ �]Ýw�¼_+<�TeÚqT
#ûsÁ&�+ MTsÁT >·T]ï+º �+{²sÁT. 4(_) eT]jáTT 4(&�) |�{²\ýË eç¿¡uó�eq ¿ìsÁD+
ç|�<ó�H�¿�±�¿ì <�ÖsÁ+>± È]Ð+~. 4(_), 4(&�) |�{²\ýË #áÖ|¾q³T¢ eç¿¡uó�eq ¿ìsÁD²��
yîqT¿£Å£� bõ&�Ð�dï n~ ç|�<ó�H�¿�±�� ÿ¿£ _+<�TeÚ e<�Ý K+&�d�Tï+~. � n�� d�+<�s�ÒÛ\ýËqÖ
eç¿¡uó�eq¿ìsÁD+ ç|�<ó�H�¿�±�� K+&�+#û _+<�TeÚqT H�_ó (F) n+{²+.

>±E>±¢d�TýË� ú{ìýË �+ºq �eT�¿±jáTqT >±¢d�T ç|�¿£Øuó²>·+ qT+&� #áÖ�dï nd�\T
|�]eÖD+ ¿£+fñ �|<�Ý~>± ¿£�|¾+#á&�+ MTÅ£� Ôî\Td�T ¿£<�!
· �eT�¿±jáT |�]eÖD+ýË ¿£�|¾+#û � eÖsÁTÎqT mý² $e]kÍïsÁT?
· �|<�Ý>± ¿£�|¾+#û �eT�¿±jáT nd�\T �eT�¿±jáÖ? ýñ¿£ <�� ç|�Ü_+�eÖ?
· � <��ÐÇw�jáÖ�� $e]+#á&��¿ì ÿ¿£ ¿ìsÁD ºçÔ��� MTsÁT ^jáT>·\s�?
Ôî\Td�TÅ£�+<�+
4.1.1  ç|�Ü_+�+ @sÁÎ&û $<ó�q+

|�³+ `5ýË #áÖ|¾q³T¢ n
1
, n

2
 eç¿¡uó�eq >·TD¿±\T >·\ Âs+&�T jáÖq¿±\qT ÿ¿£

eç¿£Ôá\+ yûsÁT#ûd�Tï+<�� uó²$+#á+&�. ç|�<ó�H�¿£�+ �|Õ O nHû _+<�TeÚ e<�Ý ÿ¿£ _+<�TsÁÖ|�
ed�TïeÚ (point object)qT �+#�+. ç|�<ó�H�¿£�+ yî+�&� ç|�jáÖDì+#û ¿ìsÁD+ jáÖq¿±\qT
yûsÁT #û�d eç¿£Ôá\+ e<�Ý $#á\H��� bõ+<�Å£�+&� ç<ó�Te+ >·T+&� ç|�jáÖDìd�Tï+~.
ç|�<ó�H�¿£�+ÔÃ »aµ ¿ÃD+ #û�d Âs+&Ã ¿ìsÁD+ eç¿£Ôáý²�� A _+<�TeÚ e<�Ý Ô�Å£�ÔáT+~.
n¿£Ø&� |�Ôáq¿ÃD+ q

1
. � ¿ìsÁD+ $#á\q+ bõ+~ Âs+&Ã jáÖq¿£+ >·T+&� AI ¹sK

yî+�&� ç|�jáÖDìd�Tï+~. n¿£Ø&� eç¿¡uó�eq¿ÃD+ q
2
. yîTT<�{ì, Âs+&�e ¿ìsÁD²\ eç¿¡uó�eq

¿ìsÁD²\T I e<�Ý ¿£\TkÍïsTT. n¿£Ø&� ç|�Ü_+�+ @sÁÎ&�TÔáT+~.

4.1.2  »eç¿£Ôáý²\Å£� eç¿¡uó�eq d�ÖçÔá+µ �Ô�Î<�q
|�³+`5ýË #áÖ|¾q³T¢ Âs+&Ã eç¿¡uó�eq ¿ìsÁD+

ç|�<ó�H�¿£�+ÔÃ #û�d ¿ÃD+ g, A _+<�TeÚ e<�Ý ̂ d¾q
\+�+ ç|�<ó�H�¿£�+ÔÃ #û�d ¿ÃD+ b nqTÅ£�+<�+.

|�³+`5 ç|�¿±sÁ+,
PO ed�Tï<�ÖsÁ+ neÚÔáT+~. B�� u ÔÃ

d�ÖºkÍï+.
PI ç|�Ü_+� <�ÖsÁ+. B�� v ÔÃ d�ÖºkÍï+.
PC eç¿£Ô�y�«kÍsÁ�+. B�� R ÔÃ d�ÖºkÍï+.
Âs+&�T jáÖq¿±\ eç¿¡uó�eq >·TD¿±\T n

1
, n

2
 .

l �|Õq Ôî*|¾q s�Xø�\ eT<ó�« @<îÕH� d�+�+<ó���
sÁÖbõ+~+#á>·\eÖ? Ôî\Td�TÅ£�+<�+!

|�³+-5

CNO P

n
1

n
2

A

I

a b g
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In the triangle ACO,  q
1
 = a + b

and in the triangle ACI,  b  = q
2 
+ g  _  b – g = q

2

According to Snell’s law, we know

n
1
 sin q

1 
= n

2
 sin q

2

substituting the  values of q
1
 and q

2
, we get,

n
1
 sin(a+ b) = n

2
 sin(b- g) ................. (1)

If the rays move very close to the principal axis, the rays can be treated

as parallel and are called paraxial rays. Then the angles a, b and g become

very small. This approximation is called paraxial approximation.

sin (a+ b)  =  a+b  and sin (b- g)  = b- g
Substituting in equation (1)

n
1
 (a+ b)  = n

2
 (b- g)  _ n

1
a + n

1
 b = n

2
 b – n

2
 g ................(2)

since all angles are small, we can write

tan a  =  AN/NO = a
tan b  =  AN/NC = b
tan g  =  AN/NI = g

Substitute these in equation (2), we get,

n
1
 AN/NO + n

1
 AN/NC = n

2 
AN/NC –  n

2 
AN/NI ............... (3)

As the rays move very close to the principal axis, the point N coincides

with pole of the interface (P). Therefore NI, NO, NC can be replaced by

PI, PO and PC respectively.

After substituting these values in equation (3), we get,

n
1
/PO +  n

1
/PC = n

2
/PC – n

2
/PI

n
1
/PO + n

2
/PI = (n

2
- n

1
)

 
/PC ................(4)

Equation (4) shows the relation between refractive indices of two

media, object distance, image distance and radius of curvature.

The above equation is true for the case we considered.

 We can generalize equation (4) if we use the following sign convention.

For all purposes of applications of refraction at curved surfaces and

through lenses following conventions are used.

– All distances are measured from the pole (or optic centre).

– Distances measured along the direction of the incident light ray are

taken as positive

– Distances measured opposite to the direction of the incident light ray

are taken as negative

– The heights measured vertically above from the points on axis are taken

as positive

– The heights measured vertically down from points on axis are taken as

negative.
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çÜuó�TÈ+ ACO ýË q1 = a + b

çÜuó�TÈ+ ACI ýË b = q2 + g a b-g = q2

�d�ýÙ �jáTeT+ ç|�¿±sÁ+ n
1
 sinq

1
 = n

2
 sinq

2 
n� eTqÅ£� Ôî\Td�T

�|Õ d�MT¿£sÁD+ýË q
1
, q

2 $\Te\qT ç|�Ü¹¿�|¾+#á>±
n

1
 sin(a+ b) = n

2
 sin(b- g) ...............(1)

�|Õq Ôî*|¾q ¿ìsÁD²\T ç|�<ó�H�¿�±�¿ì nÜ <�>·ZsÁ>± ç|�jáÖDì�dï � ¿ìsÁD²\qT bÍs�¿ìàjáTýÙ
¿ìsÁD²\T (paraxial rays) n+{²eT� MTÅ£� Ôî\Td�T. n|�ð&�T a, b,g ¿ÃD²\ $\Te\T
nÜ d�Ç\+ neÚÔ�sTT. � sÁeÖsÁ$T n+#áH�qT bÍs�¿ìàýÙ �C²̈sTT+|�Ú (paraxial

approximation ) n+{²+.n|�ð&�T
sin(a+ b) = a+ b  eT]jáTT sin(b- g) = b- g
� $\Te\qT d�MT¿£sÁD+ ` (1) ýË ç|�Ü¹¿�|¾+#á>±

n
1
 (a+ b)  = n

2
 (b- g)  a  n

1
a + n

1
 b = n

2
 b – n

2
 g ..............(2)

n��¿ÃD²\ $\Te\T nÜ d�Ç\Î+ ¿±�{ì¼,
tan a  =  AN/NO = a
tan b  =  AN/NC = b
tan g  =  AN/NI = g n� s�jáTe#áTÌ

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

1
 AN/NO + n

1
 AN/NC = n

2 
AN/NC –  n

2 
AN/NI ............. (3)

¿±+Ü ¿ìsÁD²\T ç|�<ó�H�¿�±�¿ì #ûsÁTeeÚÔáTq� ¿=\B, N _+<�TeÚ eç¿£Ôá\+
jîTT¿£Ø ç<ó�Te+ (P)ÔÃ @¿¡uó�$d�Tï+~. ¿±�{ì¼ NI, NO, NC \qT PI, PO, PC \T>±
s�jáTe#áTÌ. M{ì� d�MT¿£sÁD+ (3)ýË s�jáT>±

n
1
/PO +  n

1
/PC = n

2
/PC – n

2
/PI

n
1
/PO + n

2
/PI = (n

2
- n

1
)

 
/PC ............ (4)

jáÖq¿±\ eç¿¡uó�eq >·TD¿±\T, ed�Tï<�ÖsÁ+, ç|�Ü_+�<�ÖsÁ+ eT]jáTT
eç¿£Ô�y�«kÍs��\ eT<ó�« d�+�+<ó��� d�MT¿£sÁD+ (4) Ôî*jáTCñd�Tï+~.

eTq+ |�]>·DqýË¿ì rd�TÅ£�q� d�+<�s�ÒÛ�¿ì d�MT¿£s ÁD+ (4) d�]jî®Tq~.
d�+C²ãkÍ+ç|�<�jáÖ�� bÍ{ì�dï � d�MT¿£sÁD²�� kÍ<ó�sÁD¡¿£]+#áe#áTÌ. n�� eç¿£Ôáý²\
e<�Ý eT]jáTT ¿£³¿±\ <�Çs� È]¹> eç¿¡uó�eH��¿ì eTq+ ¿ì+<� Ôî*|¾q d�+C²ãkÍ+ç|�<�jáÖ��
$�jîÖÐkÍï+.
` n�� <�Ös�\qT ç<ó�Te+ P (<��¿ù ¹¿+ç<�+ (optic centre)) qT+&� ¿=\y�*.
` |�Ôáq¿±+Ü ~XøýË ¿=*ºq <�Ös�\qT <ó�H�Ôá�¿£+>± |�]>·Dì+#�*.
` |�Ôáq¿±+Ü ~XøÅ£� e«Ü¹s¿£ ~XøýË ¿=\ºq <�Ös�\qT �TTD²Ôá�¿£+>± |�]>·Dì+#�*.
` ç|�<ó�H�¿£�+ �|Õ>·\ _+<�TeÚ\ qT+&� �|Õ yîÕ|�Ú ¿=*ºq mÔáTï\qT <ó�H�Ôá�¿£+>± rd�T¿Ãy�*.
` ç|�<ó�H�¿£�+ �|Õ>·\ _+<�TeÚ\ qT+&� ¿ì+~yîÕ|�Ú ¿=*ºq mÔáTï\qT �TTD²Ôá�¿£+>±

rd�T¿Ãy�*.
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fig-E1
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Here PO is called the object distance (u)

          PI is called the image distance (v)

          PC is called radius of curvature (R)

According to sign convention mentioned above, we have

PO = -u ;  PI = v ;  PC = R

Substituting these values in equation (4) we get,

2 1n n

v u
-  = 

( )2 1

R

n n-
....................... (5)

2 1 2 1n n (n -n )
- =

v u R

This formula can also be used for plane surfaces. In the case of a plane

surface, radius of curvature (R) approaches infinity. Hence 1/R becomes

zero. Substituting this in equation 5, we get formula for the plane surfaces

2 1 2 10
n n n n

v u v u
- = Þ =

NOTE:  The distances u and v are measured from the plane interface.

Let us consider the following examples.

Example  1

A bird is flying down vertically towards the surface of water in a pond

with constant speed. There is a fish inside the water. If that fish is exactly

vertically below the bird, then the bird will appear to the fish to be:

a. farther away than its actual distance.

b. closer than its actual distance.

c. moving faster than its actual speed.

d. moving slower than its actual speed.

Which of the four options are true? How can you prove it?

Solution: For refraction at a plane surface,

we use 
2 1n n

v u
= ..................(1)

Let x be the height of the bird above the water surface at an

instant and n be the refractive index of water.

refractive index of air, (n
1
) = 1; refractive index of water (n

2
) = n

Object distance (u) = -x, Image distance (v) = y (see fig.- E1)

       Substituting these values in equation (1)

( ) ( )
1n

y x
= Þ

- -  y = nx
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|�³+-E1

I

O

xy

eTq+ |�]>·Dì+ºq d�+<�sÁÒÛ+ýË
PO qT ed�Tï<�ÖsÁ+ (u) n+{²+.
PI � ç|�Ü_+� <�ÖsÁ+ (v) n+{²+.
PC � eç¿£Ô� y�«kÍsÁ�+ (R) n+{²+.

�|Õq Ôî*|¾q d�+C²ãkÍ+ç|�<�jáT+ ç|�¿±sÁ+
PO = -u ;  PI = v ;  PC = R

� $\Te\qT d�MT¿£sÁD+ (4)ýË ç|�Ü¹¿�|¾+#á>±

2 1n n

v u
-  = 

( )2 1

R

n n-
....................... (5)

2 1 2 1n n (n -n )
- =

v u R

æ ö
ç ÷
è ø

� d�ÖçÔ��� d�eTÔáý²\Å£� Å£L&� $�jîÖÐ+#áe#áTÌ. d�eTÔáý²\ $w�jáT+ýË
eç¿£Ô� y�«kÍsÁ�+ R $\Te nq+Ôá+ neÚÔáT+~. n|�ð&�T 1/R $\Te d�Tq�
neÚÔáT+~. � $\TeqT d�MT¿£sÁD+ 5 ýË ç|�Ü¹¿�|¾�dï, d�eTÔáý²\Å£� d�+�+~ó+ºq
d�ÖçÔá+ ed�Tï+~.

2 1 2 10
n n n n

v u v u
- = Þ =

>·eT�¿£ : ed�Tï<�ÖsÁ+ (u), ç|�Ü_+�<�ÖsÁ+ (v)\qT jáÖq¿±\qT yûsÁT#û�d
»d�eTÔá\+µ qT+&� ¿=\y�*.

¿ì+~ �<�V�²sÁD\qT |�]o*<�Ý+.
�<�V�²sÁD 1

�¿±Xø+ýË �q� |�¿ì� d�sÁd�TàýË� ú{ì �|�]Ôá\+ ~Xø>± \+�+>± d¾�sÁe&�ÔÃ
¿ì+~¿ì ç|�jáÖDìd�Tï+~. |�¿ì�¿ì \+�+>± ú{ìýË ÿ¿£ #û|� �+fñ, � #û|�Å£�.
a. |�¿ì� nd�\T kÍ�q+ ¿£+fñ <�ÖsÁ+ýË ¿£q�&�TÔáT+~.
b. |�¿ì� nd�\T kÍ�q+ ¿£+fñ <�>·ZsÁ>± ¿£q�&�TÔáT+~.
c. |�¿ì� jîTT¿£Ø y�d�ïe yû>·+ ¿£+fñ mÅ£�Øe yû>·+ÔÃ ¿£<�T\TÔáTq�³T¢ ¿£q�&�TÔáT+~.
d. |�¿ì � jîTT¿£Ø y�d�ïe yû>·+ ¿£+fñ ÔáÅ£�Øe yû>·+ÔÃ ¿£<�T\TÔáTq�³T¢

¿£q�&�TÔáT+~.
�|Õ n+Xæ\ýË @$ d�]jî®Tq$? y�{ì� MTsÁT mý² �sÁÖ|¾kÍïsÁT?

kÍ<ó�q: d�eTÔá\+ e<�Ý eç¿¡uó�eH��¿ì eTq+ �|�jîÖÐ+#û d�ÖçÔá+

2 1n n

v u
= ...............(1)

ÿ¿±H=¿£ d�eTjáT+ýË ú{ì �|�]Ôá\+ qT+&� x mÔáTïýË |�¿ì� �+<�qTÅ£�+<�+. ú{ì
eç¿¡uó�eq >·TD¿£+ n nqTÅ£�+<�+.

>±* eç¿¡uó�eq >·TD¿£+ (n
1
) = 1Ñ ú{ì eç¿¡uó�eq >·TD¿£+ (n

2
) = n

|�³+ E1 ç|�¿±sÁ+, ed�Tï<�ÖsÁ+ (u) = -xÑ ç|�Ü_+�<�ÖsÁ+ (v) = -y

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

y x
= Þ

- -  y = nx
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fig-E2

x x
R

O I

In the above equation, we know that n is greater than 1. Hence y is

greater than x. Thus the bird appears to the fish to be farther away than its

actual distance. We have assumed that bird is flying vertically down with

constant speed. For the observer on the ground, bird appears that it has

covered ‘x’ distance for certain time. But for fish, it appears that bird has

covered a distance ‘y’ in the same time. As y is greater than x , we can

conclude that the speed of the bird, observed by the fish, is greater than its

actual speed.

So, options (a) and (c) are correct.

Example  2
A transparent sphere of radius R and

refractive index n is kept in air. At what distance
from the surface of the sphere should a point
object be placed on the principal axis so as to
form a real image at the same distance from the
second surface of the sphere?

Solution: From the symmetry of fig.- E2, the

rays must pass through the sphere parallel to the

principal axis.

From the figure,

u = -x, v= ¥ (refracted ray is parallel to the optical axis after refraction at

first surface)

     n
1
 =1 and n

2
 = n, (where n

1
 is refractive index of air)

     Using 
2 1 2 1n n (n -n )

- =
v u R

    
n 1 ( n - 1 )

- =
- R¥ x

  _
1 ( n - 1 )

=
Rx

 _ 
R

=
( n - 1 )

x

Object distance from the first surface of the sphere is x= R/(n-1)

Example  3

A transparent (glass) sphere has a small, opaque dot at its centre. Does
the apparent position of the dot appear to be the same as its actual position
when observed from outside?

Solution: Let refractive index of glass n
1
= n

refractive index of air n
2
 = 1

Then u = –R (radius of sphere) ; Radius of curvature R = –R

Using 
2 1n n

v u
-  = 

( )2 1

R

n n-

        ( )
( )
( )
11

R R

nn

v

-
- =

- -
After solving this equation, we get Image distance v = –R
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ú{ì eç¿¡uó�eq >·TD¿£+ (n) $\Te 1 ¿£H�� mÅ£�Øe� eTqÅ£� Ôî\Td�T. ¿±�{ì¼ �|Õ
d�MT¿£sÁD+ ç|�¿±sÁ+ y $\Te x ¿£+fñ mÅ£�Øe. ¿±�{ì¼ #û|�Å£� |�¿ì� <�� nd�\T kÍ�q+
¿£+fñ <�ÖsÁ+>± ¿£qT�&�TÔáT+~. |�¿ì� d¾�sÁe&�ÔÃ \+�+>± ¿ì+~¿ì ç|�jáÖDìd�Tï+<�� eTq+
uó²$+#�+. uó�Ö$T�|Õ qT+&� #áÖ�d |�]o\Å£��¿ì �]Æw�¼ d�eTjáT+ýË |�¿ì� x <�ÖsÁ+
ç|�jáÖDì+ºq³T¢ ¿£�|¾�dï, n<û¿±\+ýË |�¿ì� y <�ÖsÁ+ ç|�jáÖDì+ºq³T¢>± #û|�Å£�
¿£q�&�TÔáT+~. x ¿£H�� y $\Te mÅ£�Øe ¿±�{ì¼ |�¿ì� y�d�ïe yû>·+ ¿£+fñ mÅ£�Øe yû>·+ÔÃ
¿£<�T\TÔáTq�³T¢>± #û|�Å£� ¿£q�&�TÔáT+<�� eTq+ #î|�Îe#áTÌ.

B���{ì¼ d�eTd�«ýË �ºÌq n+Xæ\ýË (a) eT]jáTT (c) d�]jî®Tq$.
�<�V�²sÁD 2 R y�«kÍsÁ�+ >·\ bÍsÁ<�sÁô¿£ >ÃÞø+ >±*ýË �+~. <��
eç¿¡uó�eq >·TD¿£+ n. ed�Tï<�Ös��¿ì d�eÖq <�ÖsÁ+ýË >ÃÞ²�¿ì
Âs+&ÃyîÕ|�Ú �È ç|�Ü_+�+ @sÁÎ&�\+fñ, ç|�<ó�H�¿£�+�|Õ >ÃÞø+
�|�]Ôá\+ qT+&�  m+Ôá<�ÖsÁ+ýË ed�TïeÚqT �+#�*?
kÍ<ó�q : |�³+ E2, qT |�]o*�dï ed�Tï<�Ös��¿ì d�eÖqyîT®q
<�ÖsÁ+ýË ç|�Ü_+�+ @sÁÎ&�\+fñ >ÃÞø+ýË ç|�jáÖDì+#û
eç¿¡uó�eq ¿ìsÁD+ ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± ç|�jáÖDì+#�\� Ôî\Td�Tï+~.

>±* eç¿¡uó�eq >·TD¿£+ n
1
 =1Ñ >ÃÞø+ eç¿¡uó�eq >·TD¿£+ n

2
 = n

|�³+ E2 qT+&�,  ed�Tï<�ÖsÁ+ u = -x; ç|�Ü_+�<�ÖsÁ+ v = ¥    (ÿ¿£{Ë eç¿£Ôá\+
e<�Ý eç¿¡uó�eq+ bõ+~q ¿ìsÁD+ ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± ç|�jáÖDìd�Tï+~.)

� $\Te\qT 2 1 2 1n n (n -n )
- =

v u R
 d�MT¿£sÁD+ýË ç|�Ü¹¿�|¾+#á>±

n 1 ( n - 1 )
- =

- R¥ x
  _

1 ( n - 1 )
=

Rx
  _ 

R
=

( n - 1 )
x

¿£qT¿£ yîTT<�{ì eç¿£Ôá\+ qT+&� ed�TïeÚ R/(n-1) <�ÖsÁ+ýË �+&�*.
�<�V�²sÁD 3

ÿ¿£ bÍsÁ<�sÁô¿£ >ÃÞø¹¿+ç<�+ e<�Ý ÿ¿£ ºq� nbÍsÁ<�sÁô¿£ _+<�TeÚ �+~. >ÃÞø+ ujáT{ì
qT+&� #áÖd¾q|�ð&�T � _+<�TeÚ jáT<̧�kÍ�q+ýË ¿£q�&�TÔáT+<�?
kÍ<ó�q :>ÃÞø+ eç¿¡uó�eq >·TD¿£+ n

1
= n nqTÅ£�+<�+.

>±* eç¿¡uó�eq >·TD¿£+ n
2
 = 1

ed�Tï<�ÖsÁ+ u = –R  (>ÃÞø+ y�«kÍsÁ�+)
eç¿£Ô� y�«kÍsÁ�+ R = –R

�|Õ $\Te\qT 2 1n n

v u
- = 

( )2 1

R

n n-
  d�ÖçÔá+ýË ç|�Ü¹¿�|¾+#á>±

 ( )
( )
( )
11

R R

nn

v

-
- =

- -

�|Õ d�MT¿£sÁD²�� kÍ~ó�dï, v = –R n� Ôî\Td�Tï+~.

|�³+-E2

x x
R

O I
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Thus we can say that the image distance and object distance are equal

and that the apparent position of dot is the same as its actual position. It is

independent of the refractive index of the material of the sphere.

Till now we have discussed refraction of light at a single curved surface

either convex  or concave. Let us suppose that a transparent material has

two curved surfaces.

· What happens to the light ray when a transparent material with two

curved surfaces is placed in its path?

· Have  you heard about lenses?

· How does a light ray behave when it is passed through a lens?

Let us learn about refraction of light through lenses.

4.2  Lenses

A lens is formed when a transparent material is bounded by two surfaces

of which one (or) both surfaces are spherical. That is a lens is bounded by

atleast one curved surface. Lenses can be of various types. Some typical

lenses along with their names are shown in fig.- 6.

fig.-  6 : Different types of lenses

A lens may have two spherical surfaces bulging outwards. Such a lens

is called double convex lens (Biconvex lens, see fig.- 6(a)). It is thick at

the middle as compared to edges.

Similarly, a double concave lens is bounded by two spherical surfaces

curved inwards. (Biconcave lens, see fig.- 6(d)). It is thin at the middle

and thicker at the edges.

Observe the 6(c), 6(b), 6(e) and 6(f) to understand structure of

Concavo-Convex lens, Plano-Convex lens, Plano-Concave lens and

Convexo-concave lens.

fig-6(e):
Plano-

concave

Converging lenses Diverging lenses

fig-6(f):
Convexo-
concave

fig-6(a):
Biconvex

fig-6(b):
Plano-convex

fig-6(c):
Concavo-convex

fig-6(d):
Biconcave
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¹¿+çB¿£sÁD ¿£³¿±\T (n_ód�sÁD ¿£³¿±\T)

n+fñ ed�Tï<�ÖsÁ+, ç|�Ü_+�<�ÖsÁ+ d�eÖq+. ¿£qT¿£ _+<�TeÚ @ kÍ�q+ýË �+<Ã,
n<û kÍ�q+ýË ¿£�|¾d�Tï+~. �~ |�<�sÁ�+ jîTT¿£Ø eç¿¡uó�eq >·TD¿£+�|Õ �<ó�sÁ|�&�<�T.

�|�Î{ìesÁÅ£� eTq+ ÿ¹¿ eç¿£Ôá\+ (n~ Å£�+uó²¿±sÁÔá\+ ¿±e#áTÌ ýñ<� |�Ú{²¿±sÁÔá\+
¿±e#áTÌ) �q�|�ð&�T ¿±+Üeç¿¡uó�eq+ >·T]+º #á]Ì+#�+. ÿ¿£ bÍsÁ<�sÁô¿£ |�<�s���¿ì
Âs+&�T eç¿£Ôáý²\T �H��jáTqTÅ£�+<�+.
· Âs+&�T eç¿£Ôáý²\Tq� bÍsÁ<�sÁô¿£ |�<�s���� ¿±+Ü ¿ìsÁD eÖsÁZ+ýË �+ºÔû, � ¿ìsÁD+

@eTeÚÔáT+~?
· MTsÁT ¿£³¿±\ >·T]+º $H��s�?
· ¿£³¿£+ >·T+&� ç|�jáÖDì+ºq ¿±+Ü ¿ìsÁD+ mý² ç|�e]ïd�Tï+~?

�|�ð&�T ¿£³¿±\ <�Çs� ¿±+Üeç¿¡uó�eq+ >·T]+º Ôî\Td�TÅ£�+<�+!

4.2  ¿£³¿±\T
Âs+&�T �|�]Ôáý²\ÔÃ �e�ÔáyîT®q bÍsÁ<�sÁô¿£ |�<�sÁ�+ jîTT¿£Ø Âs+&�TÔáý²\Ö ýñ<�

@<Ã ÿ¿£ Ôá\+ eç¿£Ôá\yîT®Ôû � bÍsÁ<�sÁô¿£ |�<�s���� ¿£³¿£+ n+{²+. n+fñ ¿£³¿£+
jîTT¿£Ø Âs+&�T �|�]Ôáý²\ÔÃ ¿£úd�+ ÿ¿£{ì eç¿£Ôá\eTeÚÔáT+~.  ¿£³¿±\T $$<ó� sÁ¿±\T>±
�+{²sTT. ¿=�� sÁ¿±\ ¿£{²¿±\qT eT]jáTT y�{ì �|sÁ¢qT |�³+`6ýË #áÖ&�e#áTÌ.

|�³+-6: $$<ó� sÁ¿±\ ¿£³¿±\T

|�³+ 6(m) ýË #áÖ|¾q³T¢ ¿£³¿£+ jîTT¿£Ø Âs+&�T Ôáý²\T �uÉÒÔáTï>± (bulged out)
�+&�e#áTÌ. n³Te+{ì ¿£³¿±�� ~ÇÅ£�+uó²¿±sÁ ¿£³¿£+ (Double convex or Biconvex

lens) n+{²+. � ¿£³¿£+ n+#áT\ e<�Ý |�\Ì>±qÖ, eT<ó�«ýË eT+<�+>±qÖ �+³T+~.
|�³+ 6(&�) ýË #áÖ|¾q³T¢ ¿£³¿£+ jîTT¿£Ø Âs+&�T Ôáý²\T ýË|�* yîÕ|�Ú e+Ð �q� (curved

inward) Ôáý²\T>± �+fñ � ¿£³¿±�� ~Ç|�Ú{²¿±sÁ ¿£³¿£+ (Double concave or biconcave

lens) n+{²+. � ¿£³¿£+ n+#áT\ e<�Ý eT+<�+>±qÖ, eT<ó�«ýË |�\T#á>±qÖ �+³T+~.
6(d¾), 6(_), 6(�)  eT]jáTT 6(m|�t) |�{²\qT #áÖd¾ |�Ú{²¿±sÁ Å£�+uó²¿±sÁ, d�eTÔá\

Å£�+uó²¿±sÁ ¿£³¿£+ (Plano-Convex lens), d�eTÔá\ |�Ú{²¿±sÁ ¿£³¿£+ (Plano-Concave

lens) eT]jáTT Å£�+uó²¿±sÁ |�Ú{²¿±sÁ ¿£³¿£+ (Concavo-Convex lens) �s��D²\qT
ne>±V�²q #ûd�T¿Ãe#áTÌ.

$¹¿+çB¿£sÁD ¿£³¿±\T  (n|�d�sÁD ¿£³¿±\T)

|�³+-6(_):
d�eTÔá\

Å£�+uó²¿±sÁ
¿£³¿£+

|�³+-6(m):
~ÇÅ£�+uó²¿±sÁ

¿£³¿£+

|�³+-6(d¾):
|�Ú{²¿±sÁ
Å£�+uó²¿±sÁ

¿£³¿£+

|�³+-6(&�):
~Ç|�Ú{²¿±sÁ

¿£³¿£+

|�³+-6(�):
 d�eTÔá\
|�Ú{²¿±sÁ

¿£³¿£+

|�³+-6(m|�t):
Å£�+uó²¿±sÁ
|�Ú{²¿±sÁ

¿£³¿£+
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Here we are concerned only with thin lenses i.e. the thickness of the

lens is negligible.

Let us learn the terminology used in the case of lenses.

Each curved surface of a lens is part of a sphere. The

centre of the sphere which contains the part of the curved

surface is called centre of curvature. It is denoted by a

letter ‘C’. If a lens contains two curved surfaces then their

centres of curvature are denoted as C
1
 and C

2
.The distance

between the centre of curvature and curved surface is

called radius of curvature (R). Radii of curvature are

represented by R
1
 and R

2
 respectively. Let us consider a

double convex lens as shown in fig.- 7.

The line joining the points C
1
 and C

2
 is called principal axis. The

midpoint of a thin lens is called optic centre of lens (P).

4.2.1  Focal length of the lens

A parallel beam of light incident on a lens converges to a point as

shown in fig.- 8(a) or seems to emanate from a point on the principal axis

as shown in fig.- 8(b). The point of convergence (or) the point from which

rays seem to emanate is called focal point or focus (F). Every lens has two

focal points. The distance between the focal point and optic centre is called

the focal length of lens denoted by ‘f’.

For drawing ray diagrams related to lenses we represent convex lens

with a symbol  o and concave lens with   . See figures 8(c) and 8(d).

fig-8(a) fig-8(b)

fig-8(c) fig-8(d)
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� bÍsÄ�«+Xø+ýË eTq+ |�\T#á� ¿£³¿±\ (thin lenses) >·T]+º, nq>± eT+<�+
|�]>·Dì+#áqed�sÁ+ ýñ� ¿£³¿±\ >·T]+º eÖçÔáyûT #á]Ì<�Ý+.

¿£³¿±\ $w�jáT+ýË y�&û eTTK«yîT®q |�<�C²\+ >·T]+º Ôî\Td�TÅ£�+<�+.
¿£³¿£+ jîTT¿£Ø Âs+&�T eç¿£Ôáý²\T Âs+&�T >ÃÞ²\Å£� d�+�+~ó+ºq$.

ÿ¿£ eç¿£Ôáý²�¿ì d�+�+~ó+ºq >ÃÞø+ jîTT¿£Ø ¹¿+ç<��� � eç¿£Ôá\+
jîTT¿£Ø eç¿£Ô�¹¿+ç<�+ C n+{²+. ÿ¿£ ¿£³¿±�¿ì Âs+&�T eç¿£Ôáý²\T+fñ
<�� eç¿£Ô�¹¿+ç<�\qT C

1
 eT]jáTT C

2 
\ÔÃ d�ÖºkÍï+. eç¿£Ô�¹¿+ç<�+

qT+&� eç¿£Ôá\+ esÁÅ£� >·\ <�Ös��� eç¿£Ô�y�«kÍsÁ�+ R n+{²+. ¿£³¿£+
jîTT¿£Ø Âs+&�T eç¿£Ô� y�«kÍs��\qT R

1 
eT]jáTT R

2 
\ÔÃ d�ÖºkÍï+.

|�³+`7ýË #áÖ|¾q³T¢ ÿ¿£ ~ÇÅ£�+uó²¿±sÁ ¿£³¿±�� |�]>·DýË¿ì
rd�TÅ£�+<�+.

C
1
,
 
C

2 
\qT ¿£*�| ¹sKqT ç|�<ó�H�¿£�+ n+{²+. ¿£³¿£+ jîTT¿£Ø eT<ó�«_+<�TeÚqT

¿£³¿£ <��¿ù¹¿+ç<�+ P (optic centre of lens) n+{²+.

4.2.1  ¿£³¿£ H�uó�«+ÔásÁ+
¿£³¿£+�|Õ |�ÔáqyîT®q d�eÖ+ÔásÁ ¿ìsÁD²\T |�³+ 8(m) ýË #áÖ|¾q$<ó�+>± ÿ¿£ _+<�TeÚ

e<�Ý ¹¿+çB¿£]+|��&�Ô�sTT. ýñ<� |�³+ 8(_)ýË #áÖ|¾q³T¢ ç|�<ó�H�¿£�+�|Õ >·\ ÿ¿£ _+<�TeÚ
qT+&� yî\Te&�TÔáTq�³T¢>± ¿£�|¾kÍïsTT. ¿±+Ü ¿ìsÁD²\T ¹¿+çB¿£]+|��&�q _+<�TeÚ
ýñ<� ¿±+Ü¿ìsÁD²\T yî\Te&�TÔáTq�³T¢ ¿£�|¾+#û _+<�TeÚqT ¿£³¿£ H�_ó »Fµ(focal point

or focus) n+{²+. ç|�Ü¿£³¿±�¿ì Âs+&�T H�uó�T\T �+{²sTT. H�_ó eT]jáTT <��¿ù¹¿+ç<�+
eT<ó�« <�Ös��� ¿£³¿£ H�uó�«+ÔásÁ+ ‘f’ (focal length)n+{²+.

¿£³¿±\ÔÃ ¿ìsÁD ºçÔ�\qT d�T\uó�+>± ̂ jáT&��¿ì Å£�+uó²¿±sÁ ¿£³¿±�� o>·TsÁTïÔÃqÖ,
|�Ú{²¿±sÁ ¿£{¿±�� »  µ >·TsÁTïÔÃqÖ d�ÖºkÍï+.8(d¾), 8(&�) |�{²\qT #áÖ&�+&�.

|�³+-8(m) |�³+-8(_)
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· How does the lens form an image?

To know the formation of image by lenses, we need to know the

behaviour of light rays when they fall on a lens.

Though we know that the lens has two surfaces; while drawing ray

diagrams, we can consider the lens as a single surface element because we

assume that the thickness of the lens is very small and show the net refraction

at only one of the surfaces, as shown in the fig.- 8(c) and 8(d).

4.2.2 Behaviour of certain light rays when they are incident on a lens

The behaviour of a light ray when it passes through a lens can be

understood by observing its behaviour in the following situations:

Note: The points C
1
, C

2
 are not centre of curvatures. They are the

points at ‘2f’distances from optic centre.

Situation I: Ray passing along the principal

axis

Any ray passing along the principal axis is

undeviated. (see Figures 9a and 9b)

Situation II: Ray passing through the optic

centre.

Any ray passing through the optic centre

is also undeviated. (see Figure 10a and 10b)

Situation III: Rays travelling parallel to the principal axis.

We know that the rays passing parallel to the principal axis converge

at the focus or appear to diverge from the focus as shown in fig.- 8(c) and

8(d).

· If we allow a light ray to pass through the focus, which path does it

take?

Situation IV: Ray passing through focus.

Light rays obey the principle of least time. Hence the ray passing

through the focus will take a path parallel to principal axis after refraction.

(see Figure 11(a) and 11(b) )

fig-10(a) fig-10(b)
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· ¿£³¿£+ ç|�Ü_+u²�� mý² @sÁÎsÁTd�Tï+~?
¿£³¿£+ ç|�Ü_+u²�� mý² @sÁÎsÁTd�Tï+<Ã Ôî\Td�T¿Ã&��¿ì, ¿£³¿£+�|Õ |�ÔáqyîT®q ¿±+Ü

¿ìsÁD²\T mý² ç|�e]ïkÍïjîÖ ne>±V�²q #ûd�T¿Ãy�*.
¿£³¿±�¿ì Âs+&�T eç¿£Ôáý²\Tq�|�Î{ì¿¡ ¿ìsÁD ºçÔ�\T ^�d³|�ð&�T ¿£³¿±�¿ì ÿ¹¿

�|�]Ôá\+ �q�³T¢>± uó²$kÍï+. m+<�T¿£q>±, ¿£³¿£+ jîTT¿£Ø eT+<�+ nÜ d�Ç\Î+ n�
eTq+ uó²$+#�+. ¿£qT¿£ 8(d¾) eT]jáTT 8(&�) |�{²\ýË #áÖ|¾q³T¢ ÿ¿£ �|�]Ôá\+ e<�Ý
eç¿¡uó�eH��� eÖçÔáyûT ¿ìsÁD ºçÔá+ýË #áÖ|�ÚÔ�+.
4.2.2  ¿£³¿£+�|Õ |�ÔáqyîT®q ¿=�� ¿±+Ü ¿ìsÁD²\ ç|�esÁïq

¿£³¿£+ >·T+&� ç|�jáÖDì+#û³|�ð&�T ¿±+Ü ¿ìsÁD+ mý² ç|�e]ïd�Tï+<Ã ¿ì+~
d�+<�s�ÒÛ\qT �{ì¼ ne>±V�²q #ûd�T¿Ãe#áTÌ.

>·eT�¿£: C
1 
eT]jáTT C

2 
_+<�TeÚ\T eç¿£Ô� ¹¿+ç<�\T ¿±eÚ. �$ <��¿ù

¹¿+ç<�+ qT+&� »2f
 
µ <�Ös��� d�ÖºkÍïsTT.

d�+<�sÁÒÛ+ 1 : ç|�<ó�H�¿£�+ yî+�&� ç|�jáÖDì+#û ¿±+Ü ¿ìsÁD+
ç|�<ó�H�¿£�+ yî+�&� ç|�jáÖDì+#û @ ¿±+Ü¿ìsÁDyîT®H� $#á\q+ bõ+<�<�T.

9(m), 9(_)|�{²ýqT #áÖ&�+&�.
d�+<�sÁÒÛ+ 2 : ¿£³¿£ <��¿ù¹¿+ç<�+ >·T+&� ç|�jáÖDì+#û ¿±+Ü ¿ìsÁD+
¿£³¿£ <��¿ù¹¿+ç<�+ >·T+&� ç|�jáÖDì+#û ¿±+Ü ¿ìsÁD+ Å£L&� $#á\q+

bõ+<�<�T. 10(m),  10(_) |�{²\qT #áÖ&�+&�.

d�+<�sÁÒÛ+ 3 : ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± ç|�jáÖDì+#û ¿±+Ü ¿ìsÁD²\T
ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± ç|�jáÖDì+#ûû ¿±+Ü¿ìsÁD²\T |�³+ 8(d¾) ýË

#áÖ|¾q$<ó�+>± H�_ó e<�Ý ¹¿+çB¿£]+|��&�Ô�sTT ýñ<� |�³+ 8(&�)ýË #áÖ|¾q $<ó�+>±
H�_ó qT+&� $¹¿+çB¿£]+|��&�Ô�jáT� MTÅ£� Ôî\Td�T.
· H�_ó >·T+&� ç|�jáÖDì+#ûû ¿±+Ü ¿ìsÁD+ mý² ç|�e]ïd�Tï+~?

d�+<�sÁÒÛ+ 4 : H�_ó >·T+&� ç|�jáÖDì+#û ¿±+Ü ¿ìsÁD+
¿±+Ü ¿ìsÁD²\T ¿£�w�÷ ¿±\ �jáTeÖ�� bÍ{ìkÍïsTT. ¿±�{ì¼ H�_ó>·T+&� ç|�jáÖDì+#ûû

¿±+Ü ¿ìsÁD+ eç¿¡uó�eq+ bõ+<�¿£ ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± ç|�jáÖDìd�Tï+~. 11(m)
eT]jáTT 11(_) |�{²\qT #áÖ&�+&�.
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· What happens when parallel rays of light fall on a lens making some

angle with the principal axis?

Let us observe the following figures 12(a), 12(b)

When parallel rays, making an angle with principal axis, fall on a lens,

as shown in figures 12(a) and 12(b), the rays converge at a point or appear

to diverge from a point lying on the focal plane. Focal plane is the plane

perpendicular to the principal axis at the focus.

4.2.3 Rules to draw ray diagrams for image formation by lenses

Let us learn a few basic rules to draw ray diagrams to locate the position

of images.

For drawing a ray diagram to find position and size of the image formed

by lens for any position of object on the principal axis you need to follow

the rules mentioned below:

For locating position and to find the size of image, we need two rays

out of four rays that were mentioned in the situations I to IV.

- Select a point on the object placed at a point on the principal axis.

- Draw two rays that were chosen by you from rays mentioned in

situations I to IV.

- Extend both rays to intersect at a point. This point gives position

of the image.

- Draw a normal from point of intersection to the principal axis.

- Length of this normal represents the size of the image.

Observe the following diagrams (situations 1-6). They represent image

formation by a convex lens for various positions of the object.

1. Object at infinity

· What do you mean by an object at infinity?

· What type of rays fall on the lens?

You know that the rays falling on the lens from an object at infinity

are parallel to the principal axis.

fig-12(a) fig-12(b)
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· ç|�<ó�H�¿�±�¿ì ¿=+Ôá ¿ÃD+ #ûd�Öï e#ûÌ d�eÖ+ÔásÁ ¿±+Ü ¿ìsÁD²\T ¿£³¿£+�|Õ |�Ôáq+
#î+~Ôû @+ ÈsÁT>·TÔáT+~?
12(m), 12(_) |�{²\qT |�]o*+#á+&�.

12(m), 12(_) |�{²\ýË #áÖ|¾q³T¢ ç|�<ó�H�¿£�+ÔÃ ¿=+Ôá ¿ÃD+ #ûd�Öï e#ûÌ d�eÖ+ÔásÁ
¿±+Ü ¿ìsÁD²\T H�;ójáTÔá\+ (focal plane) �|Õ @<û� _+<�TeÚ e<�Ý ¹¿+çB¿£]+|��&�Ô�sTT
ýñ<� H�;ójáTÔá\+ �|Õ� @<û� _+<�TeÚ qT+&� $¹¿+çB¿£]+|��&�Ô�sTT. H�;ójáTÔá\+
nHû~ ç|�<ó�H�¿�±�¿ì \+�+>± H�_óe<�Ý>·\ Ôá\+.
4.2.3 ¿£³¿£+ÔÃ ç|�Ü_+�+ @sÁÎ&û $<ó�H��� Ôî*�| ¿ìsÁD ºçÔ�\qT ̂ �d+<�TÅ£� �jáTeÖ\T

ç|�Ü_+�kÍ�H��� Ôî*�| ¿ìsÁD ºçÔ�\qT ^jáT&��¿ì ¿±e\d¾q çbÍ<¸�$T¿£
�jáTeÖ\>·T]+º �|�ð&�T Ôî\d�TÅ£�+<�+.

ç|�<ó�H�¿£�+�|Õ @<û� kÍ�q+ýË �q� ed�TïeÚÅ£� ¿£³¿£+ e\q @sÁÎ&û ç|�Ü_+� kÍ�q+,
|�]eÖD²�� Ôî*�| ¿ìsÁD ºçÔ�\qT ^jáT&��¿ì ¿ì+~ �jáTeÖ\qT bÍ{ì+#�*.

ç|�Ü_+�kÍ�q+, |�]eÖD+ >·T]ï+#á&��¿ì �+ÔáÅ£� eTT+<�T Ôî*|¾q 4 d�+<�s�ÒÛ\ýË�
@yû� Âs+&�T ¿ìsÁD²\T ned�sÁeTeÚÔ�sTT.

` ç|�<ó�H�¿£�+�|Õ @<û� _+<�TeÚ e<�Ý �+ºq ed�TïeÚ�|Õ ÿ¿±H=¿£ _+<�TeÚqT
mqT�¿Ã+&�.

` �|Õ 4 d�+<�s�ÒÛ\ýË $e]+ºq ¹sK\ýË MTsÁT m+#áTÅ£�q� Âs+&�T ¿ìsÁD²\qT ^jáT+&�.
` � Âs+&�T ¿ìsÁD²\T ÿ¿£ _+<�TeÚ e<�Ý K+&�+#áTÅ£�Hû+Ôá esÁÅ£� y�{ì�

bõ&�Ð+#á+&�. � _+<�TeÚ ç|�Ü_+� kÍ�H��� Ôî*jáTCñd�Tï+~.
` K+&�q _+<�TeÚ qT+&� ç|�<ó�H�¿�±�¿ì \+u²�� ^jáT+&�.
` \+�+ jîTT¿£Ø bõ&�eÚ ç|�Ü_+� |�]eÖD²�� Ôî\T|�ÚÔáT+~.
1`6 d�+<�s�ÒÛ\ýË �ºÌq |�{²\qT |�]o*+#á+&�. ed�TïeÚ $$<ó� kÍ�H�\ýË �q�|�ð&�T

Å£�+uó²¿±sÁ ¿£³¿£+ e\q ç|�Ü_+u²\T @sÁÎ&û $<ó�H��� n$ $e]kÍïsTT.
1. nq+Ôá<�ÖsÁ+ýË ed�TïeÚ �q�|�ð&�T

· ed�TïeÚ nq+Ôá<�ÖsÁ+ýË �+&�³+ n+fñ @$T{ì ?
· n|�ð&�T ¿£³¿£+�|Õ |�&û ¿±+Ü ¿ìsÁD²\T mý² �+{²sTT?

nq+Ôá<�ÖsÁ+ýË ed�TïeÚ �q�|�ð&�T ¿£³¿£+�|Õ|�&û ¿±+Ü ¿ìsÁD²\T ç|�<ó�H�¿�±�¿ì
d�eÖ+ÔásÁ+>± �+{²jáT� MTÅ£� Ôî\Td�T.

|�³+-12(m) |�³+-12(_)
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They converge to the focal point. So a point sized image is formed at

the focal point. This can be seen in fig.- 8(a).

2.   Object placed beyond ‘2f’ distance (C
2
) on the principal axis

In fig.- (13) you notice that when object is placed beyond ‘2f’ distance

(C
2
), a real, inverted and diminished

image is formed on the principal axis

between the points F
1
 and C

1
.

In fig.- (13) we have chosen two rays,

one ray passing parallel to the principal axis

and another ray passing through the optic centre to locate the position of

the image.

Try to draw ray diagram using the pair of rays, one passing parallel to the

axis another passing through the focus.

3.   Object placed at ‘2f’ distance (C
2
)

When an object is placed at ‘2f’

distance (C
2
) on the principal axis, you will

get an image at C
1
 which is real, inverted

and of the same size as that of object. See

fig.- 14.

4.   Object placed between C
2
 (‘2f’ distance) and focal point

When an object is placed between   C
2

(‘2f’ distance) and focus (F
2
), you will get

an image which is real, inverted and

magnified. See fig.- 15. The image will

form beyond C
1
.

5.   Object located at the focal point

When an object is placed at focus (F
2
),

the image will be at infinity. See fig.- 16.

When the image is formed at an infinite

distance away we can not discuss the size

and nature of the image.

fig-13
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� ¿ìsÁD²\T H�_óe<�Ý ¹¿+çB¿£]+|��&�Ô�sTT. ¿£qT¿£ H�_ó e<�Ý _+<�TsÁÖ|� ç|�Ü_+�+
(point image) @sÁÎ&�TÔáT+~. |�³+ 8a ýË � $w�jáÖ�� >·eT�+#áe#áTÌ.

2.  ‘2f’ <�Ös��¿ì (C
2
) �e\ ç|�<ó�H�¿£�+�|Õ ed�TïeÚqT �+ºq|�Ú&�T

|�³+`13ýË ed�TïeÚ ç|�<ó�H�¿£�+�|Õ ‘2f’

<�Ös��¿ì (C
2
)  �e\ �+&�³+ >·eT�+#áe#áTÌ.

�³Te+{ì d�+<�sÁÒÛ+ýË @sÁÎ&û ç|�Ü_+� |�]eÖD+
ÔáÅ£�Øe>± �+³T+~. Ôá\¿ì+<�T\T>± �q�,
�Èç|�Ü_+�+ @sÁÎ&�TÔáT+~. �~ ç|�<ó�H�¿£�+�|Õ F

1

eT]jáTT C
1 
_+<�TeÚ\ eT<ó�« @sÁÎ&�TÔáT+~.

|�³+`13ýË eTq+ Âs+&�T ¿ìsÁD²\T m+#áTÅ£�H��+. y�{ìýË ÿ¿£{ì ç|�<ó�H�¿�±�¿ì
d�eÖ+ÔásÁ+>± ç|�jáÖDìd�Tï+~. Âs+&Ã~ ¿£³¿£ <��¿ù¹¿+ç<�+ >·T+&� ç|�jáÖDìd�Tï+~.

ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± ç|�jáÖDì+#û ¿ìsÁD²�� eT]jáTT H�_ó>·T+&� ç|�jáÖDì+#û
¿ìsÁD²�� �|�jîÖÐ+º ¿ìsÁDºçÔ��� ^jáT&��¿ì ç|�jáTÜ�+#á+&�.

3. ‘2f’ <�ÖsÁ+ (C
2
)  e<�Ý ed�TïeÚqT �+ºq|�ð&�T

ed�TïeÚqT ‘2f’ <�ÖsÁ+ (C
2
) e<�Ý  �+ºq|�ð&�T

C
1 
e<� Ý �Èç|�Ü_+�+ @sÁÎ&�TÔáT+~. ed�TïeÚ

|�]eÖD+ÔÃ d�eÖqyîT®q |�]eÖD+ >·\ ç|�Ü_+�+
Ôá\¿ì+<�T\T>± @sÁÎ&�TÔáT+~. |�³+`14 #áÖ&�+&�.

4. C
2
 (‘2f’ <�ÖsÁ+) , H�_ó eT<ó�« ed�TïeÚqT �+ºq|�Ú&�T

ed�TïeÚqT C
2
 (‘2f’ <�ÖsÁ+) , H�_ó (F

2
) eT<ó�«

�+ºq|�Ú&�T �Èç|�Ü_+�+ Ôá\ç¿ì+<�T\T>±
@sÁÎ&�TÔáT+~. ç|�Ü_+� |�]eÖD+ ed�Tï|�]eÖD+
¿£+fñ mÅ£�Øe �+³T+~. |�³+`15 #áÖ&�+&�.
ç|�Ü_+�+ C

1
Å£� �e\ @sÁÎ&�TÔáT+~.

5. H�_óe<�Ý ed�TïeÚqT �+ºq|�Ú&�T
ed�TïeÚqT H�_ó (F

2
) e<�Ý �+ºq|�Ú&�T

ç|�Ü_+�+ nq+Ôá<�ÖsÁ+ýË @sÁÎ&�TÔáT+~.
| �³+`16 # áÖ&�+& � . nq+Ô á< �Ös Á+ýË
@sÁÎ&ûç|�Ü_+�+ $w�jáT+ýË ç|�Ü_+�|�]eÖD+,
<�� �ÔásÁ \¿£�D²\qT eTq+ #á]Ì+#�+.
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F
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6. Object placed between focal point and optic centre

If we place an object between focus and optic

centre, we will get an image which is virtual, erect

and magnified.

From the ray diagram shown in fig.- 17, you

will notice that the image formed is a virtual, erect

and is formed on the same side of the lens where

the object is placed. The size of the image is larger than that of the object.

It is a magnified image.

In the above situation of image formation, we understand two things:

1. As the image formed is virtual, we can see it with our eyes. In all other

cases the image is real which we can’t see with our eyes but can be

viewed if the image is captured on a screen.

2. A magnified virtual image is formed on the same side of the lens where

the object is placed. Thus the image you are seeing through a lens is

not real, it is a virtual image of the object.

This particular behaviour of convex lens helps to construct a

microscope, which gives a magnified image. You might remember that the

magnification of the virtual image is possible only when the object is at

the distance less than the focal length of the lens.

Till now we have drawn ray diagrams for various positions of object

placed on principal axis using convex lens. Draw ray diagram for an object

placed between C
1
 and F

1
 for a concave lens.

· What do you notice?

Verify your ray diagram with the ray diagram

we have drawn for a convex lens. See fig.- 18. Try

to draw ray diagrams for other positions of an

object. You will notice that irrespective of the

position of object, on the principal axis, you will

get an erect, virtual image, diminished in size in between the focal point

and optic centre for concave lens.

Let us see a few examples of ray diagrams

Example  4

Draw a ray diagram to locate the position of image when a point source

(S) is placed on optical axis MN of a convex lens, in such a way that it is

beyond focal point (F
2
). See fig.- E(4).

Solution

- Draw a perpendicular line to principal axis passing through the

focus (F
1
).

fig-17
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6. H�_ó eT]jáTT ¿£³¿£ <��¿ù¹¿+ç<�+ eT<ó�« ed�TïeÚqT �+ºq|�Ú&�T
ed�T ïeÚqT H�_ó¿ ì , ¿ £³¿ £ < ��¿ ù ¹¿+ ç<��¿ì eT<ó � «

�+ºq|�Ú&�T �{²sÁT>± �q� $T<̧�«ç|�Ü_+�+ @sÁÎ&�TÔáT+~.
B� |�]eÖD+ ed�Tï|�]eÖD+ ¿£+fñ mÅ£�Øe. |�³+`17ýË�
¿ìsÁDºçÔ��� |�]o*�dï ¿£³¿±�¿ì ed�TïeÚ �q�yîÕ|�ÚHû �{²sÁT>±
�q� $T<̧�«ç|�Ü_+�+ @sÁÎ&�TÔáT+<�� Ôî\Td�Tï+~. ç|�Ü_+�
|�]eÖD+ ed�TïeÚ |�]eÖD+ ¿£H�� mÅ£�Øe>± �+~. �~ �esÁÆq+ #î+~q ç|�Ü_+�+.

�|Õ d�+<�s�ÒÛ��  �{ì¼ eTqÅ£� Âs+&�T $w�jáÖ\T nsÁ�eTeÚÔ�sTT.
1. $T<̧�«ç|�Ü_+�+ @sÁÎ&�Ôû, <��� eTq+ ¿£+{ìÔÃ #áÖ&�>·\+. �Èç|�Ü_+u²��

eTq+ ¿£+{ìÔÃ HûsÁT>± #áÖ&�ýñeTT. <��� ÔîsÁ�|Õ |�{ì¼q|�ð&û #áÖ&�>·\+.
2. �esÁÆq+ #î+~q $T<̧�«ç|�Ü_+�+, ¿£³¿±�¿ì ed�TïeÚ �q�yîÕ|�ÚHû @sÁÎ&�TÔáT+~.

n+fñ MTsÁT ¿£³¿£+ >·T+&� #áÖ�d ç|�Ü_+�+ �Èç|�Ü_+�+¿±<�T. n~ $T<̧�«ç|�Ü_+�+.
Å£�+u ó²¿±s Á ¿£³¿±�Å£�q� � ç|�Ôû«¿£ \¿ £ �D+ d�Ö¿ £ � �<�]ô� ÔájáÖ¯ýË

�|�jîÖ>·|�&�TÔáT+~. d�Ö¿£��<�]ô� �esÁÆq+ #î+~q ç|�Ü_+u²�� @sÁÎsÁTd�Tï+~. ¿£³¿£
H�uó�«+ÔásÁ+ ¿£H�� ÔáÅ£�Øe <�ÖsÁ+ýË ed�TïeÚqT+ºq|�Ú&�T  eÖçÔáyûT $T<¸�«ç|�Ü_+�+
�esÁÆq+ #î+<�TÔáT+<�� MTÅ£� >·TsÁTï+~ ¿£<�!

�|�Î{ìesÁÅ£� eTq+ ç|�<ó�H�¿£�+�|Õ $$<ó� kÍ�H�\ýË ed�TïeÚqT+ºq|�Ú&�T Å£�+uó²¿±sÁ
¿£³¿£+ e\q ç|�Ü_+�+ @sÁÎ&û $<ó�H��� Ôî*�| ¿ìsÁDºçÔ�\qT ^kÍ+. ed�TïeÚqT C

1

eT]jáTT F
1
\ eT<ó�« �+ºq|�ð&�T |�Ú{²¿±sÁ ¿£³¿£+ e\¢ ç|�Ü_+�+ @sÁÎ&û $<ó�H���

Ôî*�| ¿ìsÁDºçÔ��� ^jáT+&�.
· MT¹s+ >·eT�+#�sÁT?

�<û d�+<�s�ÒÛ�¿ì Å£�+uó²¿±sÁ ¿£³¿£+ÔÃ ç|�Ü_+�+ @sÁÎ&û $<ó�H��� $e]+#û
¿ìsÁDºçÔá+ÔÃ MT ¿ìsÁDºçÔ��� bþ*Ì#áÖd�T¿Ã+&�. |�³+`18
#áÖ&�+&�.

�|Õq Ôî*|¾q $T>·Ô� kÍ�H�\ýË ed�TïeÚqT+ºq|�Ú&�T
|�Ú{²¿±sÁ ¿£³¿£+ e\¢ ç|�Ü_+�+ @sÁÎ&û $<ó�H��� Ôî*�|
¿ìsÁD ºçÔ�\qT ^jáT&��¿ì ç|�jáTÜ�+#á+&�.

ed�TïeÚ ç|�<ó�H�¿£�+�|Õ @ kÍ�q+ýË �H��, |�Ú{²¿±sÁ¿£³¿£ <��¿ù¹¿+ç<�+ eT]jáTT H�_ó
eT<ó�« ed�TïeÚ ¿£+fñ ÔáÅ£�Øe |�]eÖD+ >·\, �{²sÁT $T<¸�«ç|�Ü_+�+ @sÁÎ&�TÔáT+~.

¿ìsÁDºçÔ�\ �<�V�²sÁD\qT eT]¿=��+{ì� |�]o*<�Ý+.
�<�V�²sÁD 4

Å£�+uó²¿±sÁ ¿£³¿£+ jîTT¿£Ø ç|�<ó�H�¿£ �+ (MN)�|Õ H�_ó (F
2
)¿ì �e\ ÿ¿£

_+<�TsÁÖ|�ed�TïeÚ (S)qT �+ºq|�Ú&�T, ç|�Ü_+� kÍ�H��� >·T]ï+#á&��¿ì ¿ìsÁDºçÔ���
^jáT+&�.  (|�³+ E4 #áÖ&�+&�.)
kÍ<ó�q :` H�_ó (F

1
) e<�Ý ç|�<ó�H�¿�±�¿ì ÿ¿£ \+u¹sK ^jáT+&�.

|�³+-17

C
2

C
1F
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F
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ed�TïeÚ
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F
2

F
1

fig-E5(c)

F
1

F
2

- Draw a ray from point source (S) in any

direction to meet lens at point (PI).

- Now draw another line parallel to the ray

drawn from the point source (S) such that

it passes through the optic centre (P); This

line intersects the normal at point F
O
.

- Now draw a line passing from point PI  to pass through the point F
O

such that it meets principal axis at a point say (I).

- ‘I’ is the image point for the point source (S).

Example  5

Complete the ray

diagram to show the

paths of the rays after

refraction through the

lenses shown in the fig.-

s E5(a) and E5(b)?

Solution: Follow the steps mentioned in Example (4) to complete the ray

diagrams.

You will notice that the paths of the rays are shown in fig.-s E5(c) and 5(d).

· Can we realise in practice the results obtained in the ray diagrams

when we perform experiments with a lens?

Let us see

Aim: Observing the types of images and measuring the object distance

and image distance from the lens.

Material required: A candle, paper, convex lens (known focal length), V-

stand, measuring tape or meter scale.

Procedure: Take a v-stand and place it on a long (nearly 2m) table at the

middle. Place a convex lens on the v-stand. Imagine the principal axis of

the lens. Light a candle and ask your friend to take the candle far away

fig-E(4)
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` _+<�TsÁÖ|�ed�TïeÚ (S) qT+&� ¿£³¿£+�|Õ @<û�
_+<�TeÚ (PI)qT #û¹s³³T¢ ÿ¿£ ¿ìsÁD²�� ^jáT+&�.

` ed�TïeÚ (S) qT+&� ^d¾q ¿ìsÁD²�¿ì d�eÖ+ÔásÁ+>±
¿£³¿£ <��¿ù¹¿+ç<�+ (P) >·T+&� bþjûT eTsÃ¹sKqT ̂ jáT+&�.
� ¹sK, H�_óe<�Ý ^d¾q \+u²�� F

O 
 e<�Ý K+&�d�Tï+~.

` PI  _+<�TeÚ qT+&� �jáT\T<û] F
O 
_+<�TeÚ >·T+&� bþÔáÖ ç|�<ó�H�¿�±�� I nHû

_+<�TeÚ e<�Ý K+&�+#û $<ó�+>± eTs=¿£ ¹sKqT ^jáT+&�.
` S nHû _+<�TsÁÖ|�ed�TïeÚÅ£� ‘I’ _+<�TeÚ ç|�Ü_+�+ neÚÔáT+~.

�<�V�²sÁD 5 :
|�³+ E-5(m), E-5(_) |�{²\ýË

# áÖ| ¾q ¿ ìs ÁD²\T ¿ £³¿ £+ > · T+&�
ç|�jáÖDì+#�¿£ @sÁÎ&û eç¿¡uó�eq ¿ìsÁD²\
eÖs�Z\qT ^jáT+&�.
kÍ<ó�q : ¿ìsÁDºçÔ�\qT ^jáT&��¿ì �<�V�²sÁD 4 ýË Ôî*|¾q d�Ö#áq\qT bÍ{ì+#á+&�.

` � ¿ìsÁD²\ eÖs�Z\T E-5(d¾), 5(&�) |�{²\ýË #áÖ|¾q $<ó�+>± �+{²jáT� MTsÁT
>·T]ïkÍïsÁT.

· ¿£³¿±\ÔÃ ç|�jîÖ>±\T #û�dï ¿ìsÁDºçÔ�\ýË #áÖ|¾q |��*Ô�ýñ ekÍïjáÖ?
Ôî\Td�TÅ£�+<�+.

�<ûÝXø«+: Å£�+uó²¿±sÁ ¿£³¿£+ e\¢ @sÁÎ&�T $$<ó� sÁ¿±\ ç|�Ü_+u²\qT |�]o*+#á&�+`
ed�Tï<�ÖsÁ+, ç|�Ü_+� <�Ös�\qT ¿=\e&�+.

¿±e\d¾q ed�TïeÚ\T: ¿=y=ÇÜï, Ôî\¢¿±ÐÔá+ ýñ<� ç&�sTT+>´ wÓ{Ù, H�uó�«+ÔásÁ+ Ôî*d¾q
Å£�+uó²¿±sÁ ¿£³¿£+, V`kÍ¼+&�T, ¿=\Ôá fñ|�Ú ýñ<� MT³sÁT �dØ\T.

|�<�ÆÜ: <�<�|�Ú 2 MT³sÁ¢ bõ&�eÚ >·\ fñ�TýÙ�|Õ eT<ó�«uó²>·+ýË ÿ¿£ V`kÍ¼+&�qT
�+#á+&�. v`kÍ¼+&�Å£� ÿ¿£ Å£�+uó²¿±sÁ ¿£³¿±�� neTsÁÌ+&�. ¿£³¿£+ jîTT¿£Ø ç|�<ó�H�¿£�+
mý² �+³T+<Ã }V¾²+#á+&�. ¿£³¿±�¿ì #�ý² <�ÖsÁ+>± ç|�<ó�H�¿£�+�|Õ  ¿=y=ÇÜï eT+³

|�³+`E4
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from the lens along the principal axis. Adjust a screen (a sheet of white  paper

placed perpendicular to the axis) which is on other side of the lens until you get

an image on it.

· Why are we using a screen to view this image? Why don’t we see it directly

with our eye?

Measure the distance of the image

from the v-stand of lens and also

measure the distance between the

candle and stand of lens.

Record the values in a  table 1.

Now place the candle at a distance of 60 cm from the lens, such that the

flame of the candle lies on the principal axis of the lens. Try to get an image of

the candle flame on the other side on a screen. Adjust the screen till you get a

clear image. Measure the image distance (v) from lens and record the values of

‘u’ and ‘v’ in table 1. Repeat this for various object distances like 50 cm, 40 cm,

30 cm, etc. Measure image distances in all the cases and note them in table 1.

· Could you get an image on the screen for every object distance?

· Why don’t you get an image for certain object distances?

· Can you find the minimum limiting object distance for obtaining a real

image?

· What do you call this minimum limiting object distance for real images?

When you do not get an image on the screen, try to see the image with your

eye directly from the place of the screen.

· Could you see the image?

· What type of image do you see?

You will see a magnified image on the same side where we kept the object.

This is a virtual image of the object which we cannot capture on the screen.

· Can you find the image distance of this virtual image?

In table-1, you got different values of ‘v’ for various position of object

(candle) [u].

· Could you find focal length of the lens from the values recorded in

table-1?

Object

distance (u)

Image
distance (v)

Focal
length (f)

Table 1
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(flame) �+&û³³T¢>± ÿ¿£ yî\T>·TÔáTq� ¿=y=ÇÜï� |�³T¼Å£�� �\�&�eT� MT �d�V¾²ÔáTs�*¿ì
#î|�Î+&�. ¿£³¿±�¿ì Âs+&ÃyîÕ|�Ú ç|�<ó�H�¿�±�¿ì \+�+>± ÿ¿£ ÔîsÁqT (Ôî\¢¿±ÐÔá+ ýñ<�
ç&�sTT+>́ #�sY¼) |�³T¼¿Ã+&�. ÔîsÁqT eTT+<�TÅ£� yîqT¿£Å£� ÈsÁT|�ÚÔáÖ ç|�Ü_+u²�� ÔîsÁ�|Õ
@sÁÎsÁ#á+&�.
· ç|�Ü_+u²�� #áÖ&�&��¿ì eTq+ ÔîsÁqT m+<�TÅ£� �|�jîÖÐ+#�+? ÔîsÁýñÅ£�+&�

ç|�Ü_+u²�� eTq ¿£+{ìÔÃ m+<�TÅ£� #áÖ&�ýñeTT?
¿£³¿£+ qT+&� ç|�Ü_+u²�¿ì >·\ <�Ös���,

¿£³¿£+ qT+&� ed�TïeÚÅ£� >·\ <�Ös��� ¿=\e+&�.
� $\Te\qT |�{ì¼¿£̀ 1 ýË qyîÖ<�T #ûjáT+&�.

�|�ð&�T ¿=y=ÇÜï� ¿£³¿±�¿ì 60 �d+.MT.
<�ÖsÁ+ýË, ¿£³¿£+ jîTT¿£Ø ç|�<ó�H�¿£�+�|Õ ¿=y=ÇÜï
eT+³ �+&û $<ó�+>± neTsÁÌ+&�. ¿£³¿±�¿ì
Âs+&ÃyîÕ|�Úq ÔîsÁ�|Õ ç|�Ü_+u²�� |�³¼&��¿ì
ç|�jáTÜ�+#á+&�. d�Îw�¼yîT®q ç|�Ü_+�+ @sÁÎ&û+ÔáesÁÅ£� ÔîsÁqT yîT\¢>± yîqT¿£Å£�, eTT+<�TÅ£�
ÈsÁ|�+&�. ç|�Ü_+�<�ÖsÁ+(v) � ¿=*º, u,v $\Te\qT |�{ì¼¿£̀ 1ýË qyîÖ<�T #ûjáT+&�.
ed�TïeÚqT ¿£³¿±�¿ì 50 �d+.MT. 40 �d+.MT, 30 �d+.MT. yîTTöö>·T <�Ös�\ýË �
+#áTÔáÖ � ¿£�Ô�«�� eTsÁý² #ûjáT+&�. n�� d�+<�s�ÒÛ\ýË ç|�Ü_+�<�ÖsÁ+ ¿=\e+&�.
u,v $\Te\qT ¿=*º |�{ì¼¿£̀ 1ýË qyîÖ<�T #ûjáT+&�.
· ed�Tï<�ÖsÁ+ m+ÔîÕH�, ç|�r d�+<�sÁÒÛ+ýË ç|�Ü_+u²�� ÔîsÁ�|Õ |�³¼>·*>±s�?
· m+<�TÅ£� ¿=�� d�+<�s�ÒÛ\ýË (¿=�� ed�Tï<�Ös�\Å£�) ÔîsÁ�|Õ ç|�Ü_+�+ @sÁÎ&�ýñ<�T?
· ed�Tï<�ÖsÁ+ ¿£úd�+>± m+Ôá �+fñ �Èç|�Ü_+�+ @sÁÎ&�TÔáT+<Ã MTsÁT ¿£qT>=q>·\s�?
· �Èç|�Ü_+u²�� @sÁÎsÁ#û � ¿£úd� ed�Tï<�Ös��� MTsÁT @eT� |¾\TkÍïsÁT?

ÔîsÁ�|Õ ç|�Ü_+�+ @sÁÎ&�� d�+<�sÁÒÛ+ýË, ÔîsÁkÍ�q+ýË MT ¿£qT� �+º, MT Å£+{ìÔÃ
HûsÁT>± ç|�Ü_+u²�� #áÖ&�&��¿ì ç|�jáTÜ�+#á+&�.
· MTsÁT ç|�Ü_+u²�� #áÖ&�>·*>±s�?
· MTsÁT #áÖd¾+~ m³Te+{ì ç|�Ü_+�+?

¿£³¿±�¿ì ed�TïeÚ �q�yîÕ|�ÚHû �esÁÆq+ #î+~q ç|�Ü_+�+ MTÅ£� ¿£�|¾d�Tï+~. �~
$T<¸�«ç|�Ü_+�+. B�� eTq+ ÔîsÁ�|Õ |�³¼ýñeTT.
· � $T<̧�«ç|�Ü_+�+ m+Ôá <�ÖsÁ+ýË @sÁÎ&�+<��(ç|�Ü_+� <�ÖsÁ+`v) MTsÁT

¿£qT>=q>·\s�?
|�{ì¼¿£̀ 1ýË $$<ó� ed�Tï<�Ös�\Å£� (u) d�+�+~ó+ºq ç|�Ü_+� <�Ös�\T(v) MTsÁT

qyîÖ<�T#ûXæsÁT.
· |�{ì¼¿£`1ýË qyîÖ<�T #ûd¾q $\Te\ÔÃ ¿£³¿£+ jîTT¿£Ø H�uó�«+Ôás��� MTsÁT

¿£qT>=q>·\s�?

ed�Tï<�ÖsÁ+    ç|�Ü_+�<�ÖsÁ+ H�uó²«+ÔásÁ+
(u) (v) (f)

|�{ì¼¿£̀ 1

S
C
E
R
T, T

E
LA

N
G
A
N
A



Government’s Gift for Students’ Progress Refraction of Light at Curved Surfaces \

154

· Can we establish a relation between ‘u’, ‘v’ and ‘f’?

Let us find out.

Consider an object OOI placed on the principal axis in front of a convex

lens as shown in fig.-(19). Let III  be the real image formed by the lens on

the other side of it. Observe the fig.-(19).

· How is the image formed?

4.3  Lens formula

The ray, starting at OI  and moving parallel to the principal axis and

which falls on the lens, should pass through the focal point F
1
 as shown in

fig.- (19). To locate the point of image (II)  for the object point (OI),

consider another ray that passes through the optic centre P. We know that

any ray passing through the optic centre P will not deviate.

The ray starting from OI  and passing through optic centre P, will meet

the refracted ray (first ray) at the point II. This point is the image of the

point OI of the object. Similarly, the image of the point O on the principal

axis is formed at point I on the principal axis (see Figure 19). We get the

inverted image III of object OOI.

PO, PI and PF
1
 are the object distance, image distance and focal length

respectively. From  fig.- 19, triangle PPIF
1
 and triangle F

1
III  are similar

triangles,

_
1

1

PP PF
= 

II FI 

¢
¢ ...................(1)

But from the fig.- 19, F
1
I = PI – PF

1

substituting F
1
I in equation (1) above, we get

1

1

PP PF
= 

II (PI PF ) 

¢
¢ - ...................(2)

We have another set of similar triangles OOIP and  PIII.

From these triangles we get, 
'

'

OO PO

II PI
=

      but from fig.- (19), OOI = PPI, hence we have

PP PO
= 

II PI 

¢
¢ ...................(3)

From (2) and (3), we get

1

1

PO PF
= 

PI (PI PF )-      _  
1

1

(PI PF )PI
= 

PO PF

-
   _ 

1

PI PI
=  1

PO PF
-

            On dividing the equation by PI, we get

fig-19

F
1

F
2

O P

II

I

P I
OI
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· u,v eT]jáTT f \ eT<ó�« eTqyîTT¿£ d�+�+<ó��� @sÁÎsÁ#á>·\eÖ?
Ôî\Td�TÅ£�+<�+!
|�³+`19ýË #áÖ|¾q³T¢ ÿ¿£ Å£�+uó²¿±sÁ ¿£³¿±�¿ì m<�TsÁT>± ç|�<ó�H�¿£�+�|Õ OOI

nHû ed�TïeÚ �q�<�qT¿Ã+&�. ¿£³¿±�¿ì Âs+&Ã yîÕ|�Ú III nHû �È ç|�Ü_+�+ @sÁÎ&�+<�qT¿Ã+&�.
· � ç|�Ü_+�+ mý² @sÁÎ&�+~?

4.3  ¿£³¿£d�ÖçÔá+
OI qT+&� �jáT\T<û] ç|�<ó�H�¿�±�¿ì d�eÖ+ÔásÁ+>± ç|�jáÖDì+#û ¿ìsÁD+ ¿£³¿£+�|Õ

|�ÔáqyîT®, eç¿¡uó�eq+ #î+<�¿£ |�³+`19ýË #áÖ|¾q $<ó�+>± H�_ó (F
1
) >·T+&�bþÔáT+~.

OI _+<�TeÚ jîTT¿£Ø ç|�Ü_+�+ (II) qT >·T]ï+#û+<�TÅ£�, ¿£³¿£ <��¿ù¹¿+ç<�+ (P)
>·T+&� ç|�jáÖDì+#û ¿ìsÁD²�� Å£L&� |�]o*<�Ý+. ¿£³¿£ <��¿ù¹¿+ç<�+  >·T+&� ç|�jáÖDì+#û
¿ìsÁD+ $#á\H��� bõ+<�<�� eTqÅ£� Ôî\Td�T.

OI qT+&� �jáT\T<û] ¿£³¿£ <��¿ù¹¿+ç<�+ >·T+&� ç|�jáÖDì+#ûû ¿ìsÁD+ yîTT<�{ì eç¿¡uó�eq
¿ìsÁD²�� II e<�Ý K+&�d�Tï+~. � _+<�TeÚqT OI jîTT¿£Ø  ç|�Ü_+�+ n+{²+. n<û
$<ó�+>± ç|�<ó�H�¿£�+�|Õ >·\ _+<�TeÚ O  jîTT¿£Ø ç|�Ü_+�+ ç|�<ó�H�¿£�+�|ÕHû I  e<�Ý @sÁÎ&�TÔáT+~.

|�³+`19 #áÖ&�+&�. ¿±�{ì¼ OOI jîTT¿£Ø ç|�Ü_+�+ III ç|�<ó�H�¿£ �+�|Õ
Ôá\ç¿ì+<�T\T>± @sÁÎ&�TÔáT+~.

PO, PI, PF
1
 \T esÁTd�>± ed�Tï<�ÖsÁ+, ç|�Ü_+�<�ÖsÁ+ eT]jáTT ¿£³¿£ H�uó�«+ÔásÁ+.

 |�³+`19 ç|�¿±sÁ+ çÜuó�TÈ+ PPIF
1

eT]jáTT çÜuó�TÈ+ F
1
III  d�sÁÖ|�

çÜuó�TC²\T. ¿±�{ì¼
1

1

PP PF
= 

II FI 

¢
¢   ...................(1)

|�³+`19 ç|�¿±sÁ+ F
1
I = PI – PF

1

� $\TeqT d�MT¿£sÁD+ (1) ýË ç|�Ü¹¿�|¾+#á>±
1

1

PP PF
= 

II (PI PF ) 

¢
¢ - ...................(2)

|�³+`19 ç|�¿±sÁ+ OOIP eT]jáTT PIII çÜuó�TC²\T Å£L&� d�sÁÖ|� çÜuó�TC²ýñ.

¿±eÚq OO PO
= 

II PI 

¢
¢

|�³+`19 ç|�¿±sÁ+ OOI = PPI neÚÔáT+~. � $\TeqT �|Õ d�MT¿£sÁD+ýË s�jáT>±,
PP PO

= 
II PI 

¢
¢ ...................(3)

d�MT¿£sÁD+ (2), (3) \ qT+&�,
1

1

PO PF
= 

PI (PI PF )-      _  
1

1

(PI PF )PI
= 

PO PF

-
   _ 

1

PI PI
=  1

PO PF
-

                              �|Õ d�MT¿£sÁD²�� �sÁTyîÕ|�Úý² PIÔÃ uó²Ð+#á>±,

|�³+-19

F
1

F
2

O P

II

I

OI

P I
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1

1 1 1
= 

PO PF PI
-     _ 

1

1 1 1
+ = 

PO PI PF

The above equation is derived for a particular case of the object while
using a convex lens. To convert this into a general equation, we need to use
the sign convention.

According to the sign convention

PO = -u ;  PI = v ;  PF
1
 = f

Substituting these values in equation 4, we get

1 1 1
= 

v u f
-

This equation is called lens formula. It can be used for any lens. But
remember to use the  sign convention while using this equation.

We have ‘u’ and ‘v’ values in table – 1 that were measured during
activity – 2. Find focal length of the lens from the values of the table for

each set of values of ‘u’ and ‘v’.

4.4  Magnification

Let us discuss the size of the image formed

by a lens.

Observe object OOI , image III in fig-20.

D OOI  P, D III  P are similar.

\ 
II OO II PI

PI PO OO PO

¢ ¢ ¢
= Þ =

¢
Substituting the values as per sign convention in the above equation, we get

i

o

h v

h u

- -
=

\  Magnification i

o

h v
m

h u
= =

· Is the focal length same for each set of values?

You might have noticed that irrespective of object distance and image

distance, you will get same focal length. If you do not get the same value

of focal length, there may be some experimental error while doing the

experiment. In such a case, find the average of all the values. This will be

equal to the focal length of the lens.

Let us see an example

Example  6

An electric lamp and a screen are placed on the table, in a line at a

distance of 1m. In what positions of convex lens of focal length of f = 21

cm will the image of lamp be sharp?

F
1

F
2

O P

II

I

OI

P I

h
o

h
i

u v

fig-20
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1

1 1 1
= 

PO PF PI
-     _ 

1

1 1 1
+ = 

PO PI PF

�|Õ d�MT¿£sÁD+, Å£�+uó²¿±sÁ ¿£³¿£+ eTT+<�T ed�TïeÚqT+ºq ÿ¿£ ç|�Ôû«¿£ d�+<�s�ÒÛ�¿ì
�Ô�Î~+ºq~.

� d�ÖçÔ��� kÍ<ó�sÁD¡¿£]+#á&��¿ì eTq+ d�+C²ã kÍ+ç|�<�jáÖ�� $�jîÖÐ+#�*.
d�+C²ã kÍ+ç|�<�jáT+ ç|�¿±sÁ+ PO = -u ;  PI = v ;  PF

1
 = f

� $\Te\qT d�MT¿£sÁD+  ` (4) ýË ç|�Ü¹¿�|¾+#á>±
1 1 1

= 
v u f

-

� d�MT¿£sÁD²�� ¿£³¿£d�ÖçÔá+ n+{²+. � d�ÖçÔ��� @ ¿£³¿±�Â¿ÕH�
$�jîÖÐ+#áe#áTÌ. B�� �|�jîÖ+Ð#û³|�ð&�T d�+C²ã kÍ+ç|�<�jáÖ�� y�&�\Hû $w�jáT+
eTsÁTes�<�T.

¿£�Ôá«+`2 ýË eTq+ ¿=*ºq u, v $\Te\qT |�{ì¼¿£̀ 1 ýË qyîÖ<�T#ûXæ+. � d�eÖ#�s���
$�jîÖÐ+º, ç|�r d�+<�s�ÒÛ�¿ì d�+�+~ó+ºq u, v ýÔÃ ¿£³¿£ H�uó�«+Ôás��� ýÉ¿ìØ+#á+&�.
4.4 �esÁ�q+ (Magnification)

¿£³¿±\ e\¢ @sÁÎ&û ç|�Ü_+�+
|�]eÖD+ >·T]+º #á]Ì<�Ý+.

|�³+ 20� |�]o*+#á>± OOI

ed�TïeÚ,  III   ç|�Ü_+�+.
D OO I   P, D II I   P \T d�s ÁÖ| �

çÜuó�TC²\T

\ 
II OO II PI

PI PO OO PO

¢ ¢ ¢
= Þ =

¢

|�³+ <�Çs� d�+vã kÍ+ç|�<�jáÖ�� nqTd�]+º $\Te\T ç|�Ü¹¿�|¾+#á>±
i

o

h v

h u

- -
=

\  �esÁ�q+ i

o

h v
m

h u
= =

· n�� d�+<�s�ÒÛ\ýËqÖ ¿£³¿£ H�uó�«+ÔásÁ+ ÿ¹¿ $\Te eºÌ+<�?
u, v $\Te\T eÖ]q|�Î{ì¿¡ n�� d�+<�s�ÒÛ\ýË H�uó²«+ÔásÁ+ $\Te ÿ¹¿ý²

�+&�&�+ MTsÁT >·T]ï+º �+{²sÁT. MTÅ£� H�uó�«+ÔásÁ+ $\Te ÿ¹¿ý² s�ýñ<�+fñ, ç|�jîÖ>·+
�sÁÇV¾²+ºq|�ð&�T <ÃcÍ\T (errors) È]Ð �+&�e#áTÌ. n³Te+³|�ð&�T MTsÁT >·Dì+ºq
H�uó�«+ÔásÁ+ $\Te\ d�s�d�]� rd�TÅ£�+fñ, n~ ¿£³¿£+ jîTT¿£Ø H�uó�«+ÔásÁ+ neÚÔáT+~.

ÿ¿£ �<�V�²sÁDqT |�]o*<�Ý+!
�<�V�²sÁD 6

ÿ¿£ fñ�TýÙ�|Õ yî\T>·TÔáTq� $<�T«ÔY�\TÒ, ÔîsÁqT ÿ¿£<��¿=¿£{ì 1MTöö <�ÖsÁ+ýË
�+#�+. 21 �d+.MT H�uó�«+ÔásÁ+ >·\ Å£�+uó²¿±sÁ ¿£³¿±�� M{ì eT<ó�« @ kÍ�q+ýË
�+ºÔû d�Îw�¼yîT®q ç|�Ü_+�+ @sÁÎ&�TÔáT+~?

|�³+-20
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fig-21

Lens Circular
lens

holderStone

fig-E(6)

d-x
d

x

Screen

Lamp

Solution

The distance between the lamp and screen is 100cm and ‘x’ be the distance

between lamp and lens. From fig.- E-6, we have u = -x and

v = 100-x, f = 21

By substituting these in lens formula,

We get

1 1 1

21 (100 )
= +

- x x

After solving thisequation, we get

x2 – 100x + 2100 = 0

It is a quadratic equation. Hence we get two solutions. The solutions

of the above equation are

x2-70x-30x+2100=0  _  x (x-70)-30(x-70) = 0  _ (x-70)(x-30) = 0

\ x =70cm and x = 30cm.

We can place the lens at a distance of 70cm or 30cm from the bulb,

we get sharp image.

· On what factors does the focal length of the lens depend?

Let us find out.

Activity 2
Take the same lens that was used in lab activity. Note the average focal

length of the lens that was calculated in the lab activity. Take a cylindrical

vessel such as glass tumbler. Its height must be much greater than the focal

length of the lens. (We require the vessel which has a length (depth) nearly

equal to four times of the focal length of lens). Keep a black stone inside the

vessel at its bottom. Now pour water into the vessel up to a height such that

the height of the water level from the top of the stone is greater than focal

length of lens. Now dip the lens horizontally using a circular lens holder as

shown in the fig.- (21) above the stone. Set the distance between stone and

lens that is equal to or less than focal length of lens measured in activity 2.

Now look at the stone through the lens. (Do this in open ground)

· Can you see the image of the stone?

· If  Yes / Not, why? Give your reasons.

You can see the image of the stone if the distance between lens and stone is less than

the focal length of the lens (in air).  Now increase the distance between lens and stone

until you cannot see the image of the stone.

· What do you conclude from this activity?

· Does the focal length of the lens depend on surrounding medium?
You have dipped the lens to a certain height which is greater than the

focal length of lens in air. But you can see the image (when lens is raised
further, you could not see the image). This shows that the focal length of
lens has increased in water. Thus we conclude that the focal length of lens
depends upon the surrounding medium in which it is kept.
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kÍ<ó�q: ed�TïeÚ ($<�T«ÔY�\TÒ) Å£�, ÔîsÁÅ£� eT<ó�«<�ÖsÁ+ 100cm eT]jáTT ed�TïeÚÅ£�,
¿£³¿±�¿ì eT<ó�«<�ÖsÁ+ x nqTÅ£�+<�+. |�³+ E-6 ç|�¿±sÁ+ u = -x ,  v = 100-x,  f = 21

� $\Te\qT ¿£³¿£ d�ÖçÔá+ýË ç|�Ü¹¿�|¾+#á>±
1 1 1

+ 
21 (100 )x x

=
-

� d�MT¿£sÁD²�� kÍ~ó+º x2 – 100x + 2100 = 0

n� bõ+<�e#áTÌ.
x2-70x-30x+2100=0      _  x (x-70)-30(x-70) = 0  _ (x-70)(x-30) = 0

\ x =70cm eT]jáTT x = 30cm.

x $\Te 70 �d+.MT ýñ<� 30 �d+.MT �q�|�ð&�T �ýÙÒ jîTT¿£Ø ç|�Ü_+�+ d�Îw�¼+>±
@sÁÎ&�TÔáT+~.
· ¿£³¿£+ jîTT¿£Ø H�uó�«+ÔásÁ+ @@ n+Xæ\�|Õ �<ó�sÁ|�&�TÔáT+~? Ôî\Td�TÅ£�+<�+!

¿£�Ôá«+   2
ç|�jîÖ>·Xæ\ ¿£�Ôá«+ýË $�jîÖÐ+ºq ¿£{²¿±Hû� rd�T¿Ã+&�. <��

H�uó�«+Ôás��� HÃ{Ù�T¿ùýË s�d¾ �+#á+&�. (B�� MTsÁT ç|�jîÖ>·Xæ\
¿£�Ôá«+ýË ýÉ¿£Ø>·{²¼sÁT.) >±E>±¢d�T e+{ì ÿ¿£ d�Ö�bÍ¿±sÁ bÍçÔáqT
rd�T¿Ã+&�. B� mÔáTï ¿£³¿£+ jîTT¿£Ø H�uó�«+ÔásÁ+ ¿£+fñ #�ý² mÅ£�Øe
(¿£³¿£H�uó�«+Ôás��¿ì <�<�|�Ú 4 Âs³T¢) �+&�*. bÍçÔá n&�T>·Tuó²>±q
q\¢{ì s�sTTqT+#á+&�. s�sTT �|ÕqT+&� ¿£³¿£ H�uó�«+ÔásÁ+ ¿£H�� mÅ£�Øe
mÔáTï esÁÅ£� �+&û³T¢ bÍçÔáýË úsÁT �+|�+&�. �|�ð&�T |�³+`21ýË
#áÖ|¾q³T¢ ¿£³¿±�� ú{ì �|�]Ôáý²�¿ì d�eÖ+ÔásÁ+>± (Horizontal) �
+&û³T¢ ú{ìýË ¿=~Ý ýËÔáTesÁÅ£� eTT+#á+&�. s�sTT �|�]Ôá\+ qT+&� ¿£³¿±�¿ì >·\
<�ÖsÁ+ ¿£³¿£H�uó�«+Ôás��¿ì d�eÖq+>± >±ú, ÔáÅ£�Øe>± >±ú �+&û $<ó�+>± ¿£³¿±��
|�³T¼¿Ã+&�. ¿£³¿£+ >·T+&� s�sTT� #áÖ&�+&�. (� ¿£�Ô�«�� �sÁT�jáT³ �sÁÇV¾²+#á+&�)
· s�sTT ç|�Ü_+u²�� MTsÁT #áÖ&�>·*>±s�?
· m+<�TÅ£� #áÖ&�>·*>±sÁT?/#áÖ&�ýñ¿£bþjáÖsÁT? ¿±sÁD²\T $e]+#á+&�.

s�sTT, ¿£³¿±�¿ì eT<ó�«<�ÖsÁ+ ¿£³¿£H�uó�«+ÔásÁ+ ¿£+fñ ÔáÅ£�Øe �+fñHû s�sTT
ç|�Ü_+u²�� eTq+ #áÖ&�>·\+. MTsÁT ú{ìýË� s�sTT ç|�Ü_+u²�� #áÖ&�ýñq+ÔáesÁÅ£�
s�sTT¿ì, ¿£³¿±�¿ì eT<ó�« <�Ös��� �|+#á+&�.
· � ¿£�Ô�«�� �{ì¼ MT¹s+ #î|�Î>·\sÁT?
· ¿£³¿£+ jîTT¿£Ø H�uó²«+ÔásÁ+ |�]d�sÁjáÖq¿£+�|Õ �<ó�sÁ|�&�TÔáT+<�?

¿£³¿£+ >±*ýË �q�|�ð&�T ¿£qT>=q� H�uó�«+ÔásÁ+ ¿£+fñ, s�sTT`¿£³¿£+ eT<ó�«<�ÖsÁ+
mÅ£�Øe>± �+&û $<ó�+>± MTsÁT ¿£³¿±�� ú{ìýË eTT+#�sÁT. nsTTH� MTsÁT ç|�Ü_+u²��
#áÖ&�>·*>±sÁT.(¿£³¿±�� �+¿± �|Õ¿ì È]|¾Ôû MTsÁT ç|�Ü_+u²�� #áÖ&�ýñsÁT.) B���{ì¼
ú{ìýË �q�|�ð&�T ¿£³¿£H�uó�«+ÔásÁ+ �|]Ð+<�� Ôî\Td�Tï+~. n+fñ ¿£³¿£H�uó�«+ÔásÁ+
|�]d�sÁ jáÖq¿£+�|Õ �<ó�sÁ|�&�TÔáT+<�� eTq+ �s�Æ]+#áe#áTÌ.

|�³+`E(6)

d-x
d

x

ÔîsÁ
�\TÒ

|�³+-21

¿£³¿£+ ¿£³¿±��
�+#û
]+>·Ts�sTT

¿£�Ôá«+  2
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4.5  Lens maker’s formula

Imagine a point object ‘O’

placed on the principal axis of the

thin lens as shown in fig.- 22. Let

this lens be placed in a medium of

refractive index n
a
 and let refractive

index of lens medium be n
b
.

Consider a ray, from ‘O’ which is incident on the convex surface of the

lens with radius of curvature R
1
 at A as shown in fig.- 22.

The incident ray refracts at A.

Let us assume that, it forms image at Q, if there were no concave

surface.

From the fig.-(22), Object distance PO = –u;

Image distance v = PQ = x

Radius of curvature R = R
1

n
1
 = n

a
 and n

2 
= n

b

Substitute the above values in the equation, 
2 1 2 1n n (n n )

- =
v u R

-

_   
1

ab a b
n (n n )n

+ =
x u R

-
...................(1)

But the ray that has refracted at A suffers another refraction at B on the

concave surface with radius of curvature (R
2
). At B the ray is refracted and

reaches I on the principal axis.

The image Q of the object due to the convex surface is taken as object

for the concave surface. So, we can say that I is the image of Q for concave

surface. See fig.- 22.

Object distance u = PQ =  + x

Image distance PI =  v

Radius of curvature R = –R
2

For refraction, the concave surface of the lens is considered as

medium-1 and surrounding medium is considered as medium-2. Hence

the suffixes of refractive indices interchange. Then we get,

u x
v

O
I

n
a n

a

n
b

P

A B

R
1

R
2

fig-22

Q
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4.5 ¿£³¿£ ÔájáÖ¯ d�ÖçÔá+
|�³+`22 ýË #áÖ|¾q $<ó�+>±,

|�\T#á� ¿£³¿£+ ç|�<ó�H�¿£�+�|Õ ÿ¿£
_+<�TsÁÖ|� ed�TïeÚ O qT }V¾²+#á+&�.
¿£³¿±�� �+ºq jáÖq¿£+ (¿£³¿£+
#áT³Ö¼ �q� jáÖq¿£+) jîTT¿£Ø eç¿¡uó�eq
>·TD¿£+ n

a
, ¿£³¿£ eç¿¡uó�eq >·TD¿£+ n

b

n� uó²$<�Ý+.
|�³+`22ýË #áÖ|¾q³T¢ ‘O’ _+<�TeÚ qT+&� �jáT\T <û]q ÿ¿£ ¿±+Ü¿ìsÁD+ R

1

eç¿£Ô� y�«kÍsÁ�+ >·\ � ¿£³¿£|�Ú ÿ¿£ Å£�+uó²¿±sÁ �|�]Ôá\+�|Õ A _+<�TeÚ e<�Ý |�Ôáq+
#î+~+~ nqTÅ£�+<�+. |�Ôáq¿ìsÁD+ A e<�Ý eç¿¡uó�eq+ bõ+<�TÔáT+~.

¿£³¿±�¿ì Âs+&Ã �|�]Ôá\+ ýñ¿£bþÔû, eç¿¡uó�eq ¿ìsÁD+ Q e<�Ý ç|�Ü_+u²��
@sÁÎsÁTd�Tï+~ nqTÅ£�+<�+.

|�³+`22 qT+&�, ed�Tï<�ÖsÁ+  PO = –u

ç|�Ü_+�<�ÖsÁ+  v = PQ = x

eç¿£Ô�y�«kÍsÁ�+  R = R
1

n
1 
=  n

a 
eT]jáTT n

2
= n

b

� $\Te\qT 2 1 2 1n n (n n )
- =

v u R

-
  d�MT¿£sÁD+ýË ç|�Ü¹¿�|¾+#á>±

 a  
1

ab a b
n (n n )n

+ =
x u R

-
.............. (1)

¿±ú �C²�¿ì, A e<�Ý eç¿¡uó�eq+ bõ+~q ¿ìsÁD+ R
2 
eç¿£Ô�y�«kÍsÁ�+ >·*Ðq eTsÃ

�|�]Ôá\+ (|�Ôáq¿±+Ü|�sÁ+>± |�Ú{²¿±sÁ �|�]Ôá\+) �|Õ B _+<�TeÚ e<�Ý Ü]Ð eç¿¡uó�eq+
bõ+<�TÔáT+~. B e<�Ý eç¿¡uó�eq+ bõ+~q ¿ìsÁD+ ç|�<ó�H�¿£�+�|Õ I _+<�TeÚqT #ûsÁTÔáT+~.

¿£³¿£+ jîTT¿£Ø yîTT<�{ì �|�]Ôá\+ (Å£�+uó²¿±sÁ �|�]Ôá\+) e\¢ @sÁÎ&�q ç|�Ü_+�+
Q qT ¿£³¿£+ jîTT¿£Ø Âs+&Ã �|�]Ôáý²�¿ì (|�Ôáq¿±+Ü|�sÁ+>± |�Ú{²¿±sÁ �|�]Ôáý²�¿ì)
ed�TïeÚ>± rd�T¿Ãy�*. n|�ð&�T |�Ú{²¿±sÁ �|�]Ôá\+ |�sÁ+>± Q jîTT¿£Ø ç|�Ü_+�+ I

n� #î|�Îe#áTÌ. |�³+`22 #áÖ&�+&�.
ed�Tï<�ÖsÁ+  u = PQ =  + x

ç|�Ü_+�<�ÖsÁ+ PI =  v

eç¿£Ô�y�«kÍsÁ�+  R = `R
2

¿£³¿£+ jîTT¿£Ø |�Ú{²¿±sÁ �|�]Ôá\+ e<�Ý È]¹> eç¿¡uó�eH��¿ì, ¿£³¿£+ 1e jáÖq¿£+
neÚÔáT+~. #áT³Ö¼ �q� jáÖq¿£+ Âs+&�e jáÖq¿£+ neÚÔáT+~. ¿±�{ì¼ eç¿¡uó�eq >·TD¿±\
bÍ<�+¿±\T(subcripts) |�sÁd�ÎsÁ+ eÖsÁTÔ�sTT.

u x
v

O
I

n
a n

a

n
b

P

A B

R
1

R
2

|�³+-22
Q
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n
1
 = n

b
 and n

2
 = n

a

Substituting the above values in equation 
2 1 2 1n n (n n )

- =
v u R

-

2

aa b b
n (n n )n

=
v x R

-
-

- .............. (2)

By adding (1) and (2) we get,

a 
1 2

a a
ab

n n 1 1
= (n n )

v u R R

æ ö
+ - +ç ÷

è ø
Dividing both sides by n

a
, We get

a 
1 2

b

a

n1 1 1 1
= 1

v u n R R

æ öæ ö
+ - +ç ÷ç ÷

è øè ø

We know 
b

ba
a

n
n

n
=  called refractive index of lens with respect to

surrounding medium.

( )
1 2

ba

1 1 1 1
= n 1

v u R R

æ ö
+ - +ç ÷

è ø
This is derived for specific case for the convex lens so we need to generalize

this relation. For this we use sign convention. Applying sign convention to

this specific case we get,

( )
1 2

ba

1 1 1 1
= n 1

v u R R

æ ö
- - -ç ÷

è ø
We know that

1 1 1
=

v u f
-

So, we get

( )
1 2

ba

1 1 1
= n 1

f R R

æ ö
- -ç ÷

è ø
.................(3)

If the surrounding medium is air, then the relative refractive index could

be absolute refractive index of the lens.

( )
1 2

1 1 1
= n 1

f R R

æ ö
- -ç ÷

è ø
.

This can be used only when the lens is kept in air.

Where n is absolute refractive index and this equation is called lens maker’s

formula.

NOTE: Always use sign convention while using any formula derived in

this chapter and the above formula can be used for any thin lens.
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n
1 
=  n

b 
eT]jáTT n

2
= n

a

� $\Te\qT 2 1 2 1n n (n n )
- =

v u R

-
 d�ÖçÔá+ýË ç|�Ü¹¿�|¾+#á>±,

2

aa b b
n (n n )n

=
v x R

-
-

- .............. (2)

(1), (2) d�MT¿£sÁD²\qT ¿£\T|�>±,

a 
1 2

a a
ab

n n 1 1
= (n n )

v u R R

æ ö
+ - +ç ÷

è ø
d�MT¿£sÁD²�� �sÁTyîÕ|�Úý²  n

a 
ÔÃ uó²Ð+#á>±..

a 
1 2

b

a

n1 1 1 1
= 1

v u n R R

æ öæ ö
+ - +ç ÷ç ÷

è øè ø

b
ba

a

n
n

n
=  n� eTqÅ£� Ôî\Td�T. B��, #áT³Ö¼ �q� jáÖq¿£+ |�sÁ+>± ¿£³¿£+

jîTT¿£Ø eç¿¡uó�eq >·TD¿£+ n+{²+.

( )
1 2

ba

1 1 1 1
= n 1

v u R R

æ ö
+ - +ç ÷

è ø
�|Õ d�MT¿£sÁD+ Å£�+uó²¿±sÁ ¿£³¿±�¿ì d�+�+~ó+ºq ÿ¿£ ç|�Ôû«¿£ d�+<�s�ÒÛ�¿ì

�Ô�Î~+ºq~. ¿±eÚq B�� kÍ<ó�sÁD¡¿£]+#�*. B�¿=sÁÅ£� d�+C²ãkÍ+ç|�<�jáÖ��
�|�jîÖÐ+º, ¿ì+~ d�MT¿£sÁD²�� s��³¼e#áTÌ.

( )
1 2

ba

1 1 1 1
= n 1

v u R R

æ ö
- - -ç ÷

è ø
1 1 1

=
v u f

-  n� eTqÅ£� Ôî\Td�T. B�� �|Õ d�MT¿£sÁD+ýË s�jáT>±

( )
1 2

ba

1 1 1
= n 1

f R R

æ ö
- -ç ÷

è ø
.................(3)

¿£³¿£+ #áT³Ö¼ �q� jáÖq¿£+ >±* nsTTÔû, |�sÁeT eç¿¡uó�eq >·TD¿£yûT kÍ�|¿£�
eç¿¡uó�eq >·TD¿£+ neÚÔáT+~.

( )
1 2

1 1 1
= n 1

f R R

æ ö
- -ç ÷

è ø
.

¿£³¿±�� >±*ýË �+ºq d�+<�s�ÒÛ�¿ì eÖçÔáyûT � d�ÖçÔ��� $�jîÖÐ+#�*.
�+<�TýË n |�sÁeTeç¿¡uó�eq >·TD¿£+. B�� »¿£³¿£ ÔájáÖ¯ d�ÖçÔá+µ n+{²+.

>·eT�¿£ : � bÍsÄ�«+Xø+ýË �Ô�Î~+ºq @ d�ÖçÔ�HîÕ�H� �|�jîÖÐ+#û³|�ð&�T
d�+C²ãkÍ+ç|�<�jáÖ�� bÍ{ì+#�*. eTq+ �Ô�Î~+ºq ¿£³¿£ ÔájáÖ¯ d�ÖçÔ��� @
|�\T#á� ¿£³¿±\Â¿ÕH� $�jîÖÐ+#áe#áTÌ.
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· The formula used when a light ray enters  a medium with refractive index n
2 
from a

medium with refractive index n
1
 at curved interface with a radius of curvature R is

n
2
/v –n

1
/u = (n

2
- n

1
)/R

· A lens is formed when one medium is separated from another medium by two

surfaces, one of which is curved.

· Lens formula is 
1 1 1

=
f v u

-

 where f is the focal length of lens, u is the object distance and v is the image

distance.

The convex lens behaves as a converging lens, if it is kept in a medium

with refractive index less than the refractive index of the lens. It behaves like

a diverging lens when it is kept in a transparent medium with greater refractive

index than that of the lens.

For example an air bubble in water behaves like a diverging lens.

Let us see an example for lens maker formula.

Example  7

What is the focal length of double concave lens kept in air with two

spherical surfaces of radii R
1
 = 30cm and R

2
 =60cm. Take refractive index of

lens as n = 1.5.

Solution:

From the fig.- E(7) using sign convention we get

R
1
 = -30cm, R

2
 = 60cm and also given that

n = 1.5

using ( )
1 2

1 1 1
= n 1

f R R

æ ö
- -ç ÷

è ø

   ( )1 1 1
= 1.5 1

f 30 60

æ ö- -ç ÷-è ø

Solving this, we get

f = -40cm

Here minus indicates that the lens is divergent.

C
2

fig-E(7)

C
1 Light rays

Key words

Lens, Focal length, Focus, Optic centre, Principal axis, Radius of curvature,

Centre of curvature, Focal plane, Convergence, Divergence.

What we have learnt
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Å£�+uó²¿±sÁ ¿£³¿±�� <�� eç¿¡uó�eq >·TD¿£+ ¿£H�� ÔáÅ£�Øe eç¿¡uó�eq >·TD¿£+ >·\
jáÖq¿£+ýË �+ºq|�ð&�T, n~ ¹¿+çB¿£sÁD ¿£³¿£+ (converging lens) eýÉ |�� #ûd�Tï+~.
¿±ú <�� eç¿¡uó�eq >·TD¿£+ ¿£H�� mÅ£�Øe eç¿¡uó�eq >·TD¿£+ >·\ jáÖq¿£+ýË
�+ºq|�ð&�T n~ $¹¿+çB¿£sÁD ¿£³¿£+ (diverging lens) eýÉ |��#ûd�Tï+~.

�<�V�²sÁDÅ£� ú{ìýË �+&û >±* �T&�>· $¹¿+çB¿£sÁD ¿£³¿£+ eýÉ |��#ûd�Tï+~.
¿£³¿£ ÔájáÖ¯ d�ÖçÔ��¿ì d�+�+~ó+º �|�ð&=¿£ �<�V�²sÁDqT |�]o*<�Ý+.

�<�V�²sÁD 7
eç¿¡uó�eq >·TD¿£+ n = 1.5 >·\ ÿ¿£ ~Ç|�Ú{²¿±sÁ ¿£³¿£+ >±*ýË �+#á�&�+~.

¿£³¿£+ jîTT¿£Ø Âs+&�T eç¿£Ôáý²\ eç¿£Ô� y�«kÍs��\T R
1
 = 30 �d+.MT. R

2
 = 60 �d+.MT.

nsTTq � ¿£³¿£ H�uó�«+ÔásÁ+ m+Ôá?
kÍ<ó�q : |�³+`E7 ç|�¿±sÁ+ d�+C²ãkÍ+ç|�<�jáÖ�� �|�jîÖÐ+º..

R
1
 = `30 �d+.MT. R

2
 = 60 �d+.MT. n�

s�jáTe#áTÌ. n = 1.5 n� �eÇ�&�+~.

�| Õ  $\Te\qT ( )
1 2

1 1 1
= n 1

f R R

æ ö
- -ç ÷

è ø
d�ÖçÔá+ýË ç|�Ü¹¿�|¾+#á>±

( )1 1 1
= 1.5 1

f 30 60

æ ö- -ç ÷-è ø
�|Õ d�MT¿£sÁD²�� kÍ~ó�dï f = -40cm neÚÔáT+~.
�+<�TýË »`µ nHû~ $¹¿+çB¿£sÁD ¿£³¿±�� Ôî*jáTCñd�Tï+~.

C
2

|�³+`E7
C

1 ¿±+Ü ¿ìsÁD²\T

· n
1 
eç¿¡uó�eq >·TD¿£+ >·\ jáÖq¿£+ qT+&� n

2 
 eç¿¡uó�eq >·TD¿£+ >·\ jáÖq¿£+ýË¿ì R eç¿£Ô�  y�«kÍsÁ�+ >·\

eç¿£Ôá\+ >·T+&� ÿ¿£ ¿±+Ü¿ìsÁD+  ç|�jáÖDìd�Tïq�|�ð&�T n
2
/v –n

1
/u = (n

2
- n

1
)/R d�ÖçÔ��� $�jîÖÐkÍï+.

· ÿ¿£ jáÖq¿£+ jîTT¿£Ø Âs+&�T �|�]Ôáý²\ýË ¿£úd�+ ÿ¿£{ì eç¿£Ôá\yîT®, n~ eTs=¿£ jáÖq¿±�� yûsÁT#ûd�Tï+fñ
<��� ¿£³¿£+ n+{²+.

· ¿£³¿£ d�ÖçÔá+ : 
1 1 1

=
f v u

-

�+<�TýË f ¿£³¿£ H�uó�«+ÔásÁ+, u ed�Tï<�ÖsÁ+, v ç|�Ü_+�<�ÖsÁ+.

¿¡\¿£ |�<�\T

¿£³¿£+, H�uó�«+ÔásÁ+, H�_ó, <��¿ù¹¿+ç<�+, ç|�<ó�H�¿£�+, eç¿£Ô�y�«kÍsÁ�+, eç¿£Ô�¹¿+ç<�+, H�;ójáT
Ôá\+, ¹¿+çB¿£sÁD, $¹¿+çB¿£sÁD.

eTq+ @+ HûsÁTÌÅ£�H��+?S
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I.  Reflections on concepts

1. How do you verify experimentally that the focal length of a convex lens

is increased when it is kept in water? (AS
1
)

2. How do you find the focal length of a lens experimentally? (AS
1
)

3. Draw ray diagrams for the following positions and explain the nature and

position of image.

i. Object is placed at C2

ii. Object is placed between F2 and optic centre P. (AS
5
)

II.  Application of concepts
1. Two converging lenses are to be placed in the path of parallel rays so that

the rays remain parallel after passing through both lenses. How should the

lenses be arranged? Explain with a neat ray diagram. (AS
1
)

2. The focal length of a converging lens is 20cm. An object of 2cm height is at a

distance of 60cm from the lens. Where will the image be formed and what

kind of image is it? And also find the height of the image (AS
1
) (Ans: A real,

diminished, inverted image formed at 30cm from the lens)

3. A double convex lens has two surfaces of equal radii ‘R’ and refractive index

n = 1.5, find the focal length ‘f’. (AS
1
)

4. Find the refractive index of the glass which is a symmetrical convergent lens

if its focal length is equal to the radius of curvature of its surface. (AS
7
)

(Ans:1.5)

1.     At infinity Focal Point (F
1
) Point Image

2.     Beyond C
2

Between F
1
 & C

1
Inverted, Diminished & Real

3.     At C
2

On C
1

Inverted, Same size & Real

4.   Between F
2
 & C

2
Beyond C

1
Inverted, Magnified & Real

5.    At F
2

Infinity -

6.    Between F
2
 & P Beyond F

2
Erect, Magnified & Virtual

Improve your learning

· Lens maker’s formula is

( )
1 2

1 1 1
= n 1

f R R

æ ö
- -ç ÷

è ø
where R

1
 and R

2
 are radii of curvature , n is the refractive index  and f is the

focal length.

· Characteristics of the image formed due to convex lens

Sl. No.   Position of the object Position of the ImagePosition of the Image Characteristics of the image
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nuó�«d�H��� yîTsÁT>·T|�sÁ#áTÅ£�+<�+

· ¿£³¿£ ÔájáÖ¯ d�ÖçÔá+ : ( )
1 2

1 1 1
= n 1

f R R

æ ö
- -ç ÷

è ø
 �+<�TýË R

1
 ,R

2 
\T eç¿£Ô�y�«kÍs��\T, n  eç¿¡uó�eq>·TD¿£+, f H�uó²«+ÔásÁ+.

· Å£�+uó²¿±sÁ ¿£{¿±�¿ì d�+�+~ó+º $$<ó� d�+<�s�ÒÛ\ýË @sÁÎ&û ç|�Ü_+� \¿£�D²\T

ç¿£eT. ed�TïeÚ kÍ�q+ ç|�Ü_+� kÍ�q+ ç|�Ü_+� \¿£�D²\T
d�+K«
1. nq+Ôá <�ÖsÁ+ýË H�_óe<�Ý _+<�TsÁÖ|� ç|�Ü_+�+, �Èç|�Ü_+�+
2. C

2
 ¿ì �e\ F

1
, C

1 
\ eT<ó�« Ôá\ç¿ì+<�T\T, ºq�<îÕq, �Èç|�Ü_+�+

3. C
2 
e<�Ý C

1 
e<�Ý Ôá\ç¿ì+<�T\T, ed�TïeÚÔÃ d�eÖq |�]eÖD+

�Èç|�Ü_+�+
4. F

2 
eT]jáTT C

2
 \ eT<ó�« C

1 
¿ì �e\ Ôá\ç¿ì+<�T\T, �|<�Ý<îÕq �Èç|�Ü_+�+

5. F
2 
e<�Ý nq+Ôá<�ÖsÁ+ýË `

6. F
2 
eT]jáTT P \ eT<ó�« F

2 
¿ì �e\ �{²ÂsÕq, �e Ǣ¿£�ÔáyîT®q $T<ó�« ç|�Ü_+�+

I. uó²eq\�|Õ ç|�Üd�Î+<�q\T:
1. Å£�+uó²¿±sÁ ¿£³¿±�� ú{ìýË �+ºq|�Ú&�T, <�� H�uó�«+ÔásÁ+ �|sÁT>·TÔáT+<��

ç|�jîÖ>·|�PsÁÇ¿£+>± MTsÁT mý² d�]#áÖkÍïsÁT? (AS
1
)

2. ÿ¿£ ¿£³¿£ H�uó�«+Ôás��� ç|�jîÖ>·|�PsÁÇ¿£+>± mý² ¿£qT>=+{²sÁT? (AS
1
)

3. ¿ì+~ d�+<�s�ÒÛ\Å£� d�+�+~ó+ºq ¿ìsÁDºçÔ�\qT ̂ jáT+&�. ç|�Ü_+�kÍ�q+, \¿£�D²\qT $e]+#á+&�.
i) C

2
 e<�Ý ed�TïeÚ �q�|�ð&�T

ii) F
2
 eT]jáTT <��¿ù¹¿+ç<�+ P \ eT<ó�« ed�TïeÚ �q�|�ð&�T  (AS

5
)

II. uó²eq\ nqTesÁïH�\T
1. d�eÖ+ÔásÁ ¿ìsÁD²\ eÖsÁZ+ýË Âs+&�T ¹¿+çB¿£sÁD ¿£³¿±\qT+º, Âs+&�T ¿£³¿±\ >·T+&� ç|�jáÖDì+#�¿£

Å£L&� ¿±+Ü¿ìsÁD²\T d�eÖ+ÔásÁ+>±Hû �+&�\+fñ � ¿£³¿±\qT mý² neTs�Ì*? |�³+ d�V�äjáT+ÔÃ
$e]+#á+&�.(AS

1
)

2. 20 �d+.MT. H�uó�«+ÔásÁ+ >·\ ¹¿+çB¿£sÁD ¿£³¿£+ eTT+<�T 60 �d+.MT. <�ÖsÁ+ýË 2 �d+.MT. bõ&�eÚ >·\ ed�TïeÚ
�+~. ç|�Ü_+�+ m¿£Ø&� @sÁÎ&�TÔáT+~? <�� \¿£�D²\T Ôî*|¾, ç|�Ü_+�+ mÔáTï ¿£qT>=qTeTT. (AS

1
) (Èy��T:

�È, ºq�<îÕq, Ôá\ç¿ì+<�T\T>± 30 �d+.MT. <�ÖsÁ+ýË ç|�Ü_+�+ @sÁÎ&�TÔáT+~.)
3. ÿ¿£ ~ÇÅ£�+uó²¿±sÁ ¿£³¿£|�Ú Âs+&�Teç¿£Ôáý²\ eç¿£Ô�y�«kÍs��\T d�eÖq+ (R). ¿£³¿£ eç¿¡uó�eq >·TD¿£+ n

=1.5 nsTTq ¿£³¿£H�uó�«+Ôás��� ¿£qT>=q+&�. (AS 
1
)

4. ÿ¿£ kåw�¼e ¹¿+çB¿£sÁD ¿£³¿£+ jîTT¿£Ø H�uó�«+ÔásÁ+, eç¿£Ô�y�«kÍsÁ�+ d�eÖqyîT®q <�� eç¿¡uó�eq
>·TD¿±�� ¿£qT>=q+&�. (Èy��T : 1.5) (AS

7
)
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III. Higher Order Thinking Questions

1) A convex lens is made up of three different materials as shown in the fig-

Q(1). How many of images does it form? (AS
2
)

  2) You have a lens. Suggest an experiment to find out the

focal length of the lens.(AS
3
)

3) Fig.-Q(3) shows ray AB that has passed through a

divergent lens. Construct the path of the ray up to the lens if

the position of its foci is known. (AS
5
)

4) Fig. -Q(4) shows a point light source and its image

produced by a lens with an optical axis N
1
N

2
. Find the

position of the lens and its foci using a ray diagram. (AS
5
)

5) Find the focus by drawing a ray diagram using the position

of source S and the image S/ given in the fig.-Q(5). (AS
5
)

6) A parallel beam of rays is incident on a convergent lens

with a focal length of 40cm. Where a divergent lens with a focal length of 15

cm should be placed for the beam of rays to remain parallel after passing

through the two lenses? Draw a ray diagram. (AS
5
)

7) Suppose you are inside the water in a swimming pool near an edge. A friend

is standing on the edge. Do you find your friend taller or shorter than his usual

height? Why?(AS
7
)

1) Which one of the following materials cannot be used to make a lens?     [      ]

a) water b) glass

c) acrylic d) clay

fig-Q(1)

fig-Q(4)

fig- Q(5)

F

F/

A B

N
1

N
2

N
1

N
2

S/

S

fig- Q(3)

fig-Q(5)
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III.  �ýË#áH�Ôá�¿£ ç|�Xø�\T

1. |�³+ Q-(1) ýË #áÖ|¾q³T¢ ÿ¿£ Å£�+uó²¿±sÁ ¿£³¿£+ eTÖ&�T yû¹sÇsÁT |�<�s��\ÔÃ
ÔájáÖsÁT#ûjáT�&�+~. n~ m�� ç|�Ü_+u²\qT @sÁÎsÁTd�Tï+~. (AS

2
)

2. MT <�>·ZsÁTq� ¿£³¿£+ H�uó�«+ÔásÁ+ ¿£qT¿ÃØ&��¿ì ÿ¿£ ç|�jîÖ>±�� d�Öº+#á+&�. (AS
3
)

3. $¹¿+çB¿£sÁD ¿£³¿£+ >·T+&� ç|�jáÖDì+#û AB ¿ìsÁD²�� |�³+ Q`(3)
#áÖ|�ÚÔáT+~. |�³+ýË ¿£³¿£ H�uó�T\ kÍ�H�\qT �{ì¼ ¿£³¿£+ esÁÅ£� �
¿ìsÁD |�<̧��� ^jáT+&�. (AS 

5
)

4. ÿ¿£ _+<�TsÁÖ|� ed�TïeÚqT, N
1
N

2 
ç|�<ó�H�¿£�+ >·\ ¿£³¿£+ÔÃ @sÁÎ&�q

ç|�Ü_+u²�� |�³+ Q (4) #áÖ|�ÚÔáT+~. ¿ìsÁDºçÔá+<�Çs� ¿£³¿£kÍ�H���,
<�� H�uó�T\qT ¿£qT>=q+&�. (AS 

5
)

5. |�³+ Q(5)ýË #áÖ|¾q ed�TïeÚ kÍ�q+ S,  ç|�Ü_+� kÍ�q+  SI\qT
�|�jîÖÐ+º ¿ìsÁDºçÔ��� ̂ d¾ H�_ó� ¿£qT¿ÃØ+&�. (AS

5
)

6. 40 �d+.MT H�uó�«+ÔásÁ+>·\ ¹¿+çB¿£sÁD ¿£³¿£+�|Õ  d�eÖ+ÔásÁ ¿ìsÁD²\T
|�Ôáq+  #î+<�sTT.  15 �d+.MT. H�uó�«+ÔásÁ+ >·\ $¹¿+çB¿£sÁD ¿£³¿±�� m¿£Ø&� �+ºÔû, Âs+&�T ¿£³¿±\
>·T+&� ç|�jáÖDì+ºq Ôás�ÇÔá � ¿ìsÁD²\T Ü]Ð d�eÖ+ÔásÁ+>± �+{²sTT. ¿ìsÁDºçÔ��� ^jáT+&�.
(AS

5
)

7. ÿ¿£ �Ôá¿=\qTýË n+#áTyî+�&� ú{ìýË eTT�Ð MTsÁT �<�TÔáTH��sÁqTÅ£�+<�+. ÿ&�T¦�|Õ MT �d�V¾²ÔáT&�T
�\�&� �H��&�T. MTÅ£� MT �d�V¾²ÔáT&�T, nÔá� y�d�ïe mÔáTï¿£H�� mÅ£�Øe mÔáTï>± ¿£q�&�Ô�&� ýñ¿£ ÔáÅ£�Øe
mÔáTï>± ¿£q�&�Ô�&�? m+<�TÅ£�? (AS 

7
)

1. ¿ì+~ |�<�s��\ýË ¿£³¿£ ÔájáÖ¯¿ì |��¿ìs��~ [ ]

m)  úsÁT _) >±E

d¾) nç¿£*¿ù &�) �+¿£eTqT�

|�³+`Q(1)

|�³+`Q(3)
F

F/

A B

N
1

N
2

|�³+`Q(4)

N
1

N
2

S/

S

|�³+`Q(5)
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2) Which of the following is true?          [ ]

a) the distance of virtual image is always greater than the object distance for

convex lens

b) the distance of virtual image is not greater than the object distance for

  convex lens

c) convex lens always forms a real image

d) convex lens always forms a virtual image

3) Focal length of the plano-convex lens is ............. when its radius of curvature of

the surface is R and n  is the refractive index of the lens.       [  ]

a) f = R b) 
R

f =
2

   c) 
R

f =
(n 1)-

d) 
(n 1)

f =
R

-

   Suggested Experiments

1) Conduct an experiment to find out the focal length of the lens.

2) Let us assume a system that consists of two lenses with focal length f
1
 and f

2

respectively. How do you find the focal length of the system experimentally,

when

i) two lenses are touching each other

ii) they are separated by a distance ‘d’ with common principal axis.

               Suggested Projects

1. Collect the information about the lenses available in an optical shop. Find out

how the focal length of a lens may be determined by the given ‘power’ of the

lens.

2. Take two watch glasses and affix them. Pour two different liquids   ( Ex.

Water, Navaratan oil) and  now it will acts like a lens with two different

materials .Put a light source (object) in front of this lens and note the

observations and write a report on it.
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2) ¿ì+~ y�{ìýË @~ d�]jî®Tq~ ? [ ]

m) Å£�+uó²¿±sÁ ¿£³¿£+ÔÃ @sÁÎ&�¦ $T<¸�«ç|�Ü_+� <�ÖsÁ+ m\¢|�ð&�Ö ed�Tï<�ÖsÁ+ ¿£+fñ mÅ£�Øe

_)  Å£�+uó²¿±sÁ ¿£³¿£+ÔÃ @sÁÎ&�¦ $T<¸�«ç|�Ü_+� <�ÖsÁ+ m\¢|�ð&�Ö ed�Tï<�ÖsÁ+ ¿£+fñ ÔáÅ£�Øe

d¾)  Å£�+uó²¿±sÁ ¿£³¿£+ e\¢ m\¢|�ð&�Ö �È ç|�Ü_+�+ @sÁÎ&�TÔáT+~.

&�)  Å£�+uó²¿±sÁ ¿£³¿£+ e\¢ m\¢|�ð&�Ö $T<¸�«ç|�Ü_+�+ @sÁÎ&�TÔáT+~.

3) n eç¿¡uó�eq>·TD¿£+, R eç¿£Ô�y�«kÍsÁ�+ >·\ ÿ¿£ d�eTÔá\ Å£�+uó²¿±sÁ ¿£³¿£+ jîTT¿£Ø H�uó�«+ÔásÁ+

[ ]

m) f = R _) R
f =

2

d¾) R
f =

(n 1)-
&�) (n 1)

f =
R

-

       ç|�jîÖ>±\T

1) ÿ¿£ ¿£³¿£+ jîTT¿£Ø H�uó�«+ÔásÁ+ ¿£qT>=Hû ç|�jîÖ>±�� �sÁÇV¾²+#á+&�.

2) ÿ¿£ e«ed��ýË f
1
, f

2
 H�uó�«+Ôás�\T >·\ Âs+&�T ¿£³¿±\T �H��sTT. ç¿ì+~ d�+<�s�ÒÛ\ýË �e«ed�� H�uó�«+Ôás���

ç|�jîÖ>·|�PsÁÇ¿£+>± mý² ¿£qT>=+{²sÁT.

i) ÂÂs+&�T ÿ¿£<��¿=¿£{ì nqT¿=� �q�|�ð&�T

ii) Âs+&�Ö ÿ¹¿ ç|�<ó�H�¿£�+�|Õ d <�ÖsÁ+ýË �q�|�ð&�T

       çbÍCÉÅ£�¼\T

1. MT <�>·ZsÁýË� ¿£ÞøßCËÞøß cÍ|�ÚýË <=]¹¿ ¿£³¿±\ >·T]+º d�eÖ#�s��� �d¿£]+#á+&�. ¿£³¿£+ jîTT¿£Ø

kÍeTs��«�� (power) �{ì¼ <�� H�uó�«+ÔásÁ+ mý² ¿£qT>=+{²sÃ Ôî\Td�T¿Ã+&�.

2. Âs+&�T y�#Y>±¢dt\qT nÜ¿ì+º <��ýË úsÁT, qesÁÔá� �sTTýÙ bþjáT+&�. Âs+&�T |�<�s��\ÔÃ ÿ¿£ ¿£³¿£+

ÔájáÖÂsÕ+~. <�� Å£�+&� ¿±+Ü� |�+|¾ (<�� eTT+<�T ed�TïeÚqT �+º) MT |�]o\q\T qyîÖ<�T#ûjáT+&�.
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Human Eye and
Colourful world5

CHAPTER

You have studied refraction of light through lenses in the previous

chapter. You have learnt about nature, position and relative size of image

formed by lenses for various distances of objects. In class IX, chapter VI

on sense organs in Biological science text book, explained the structure

of the human eye. The human eye functions on the principle of sensation

of vision. We see objects because the light scattered from them falls on

the eye. The eye has a lens in its structure.

In the previous chapter, you learned that the focal length of lens and

object distance determine the nature, position and size of image.

· What is the function of lens in human eye?

· How does it help to see objects at long distances and short distances?

· How is it possible to get the image at the same distance on the retina?

· Are we able to see all objects in front of our eye clearly?

· How do the lenses used in spectacles correct defects of vision?

To answer these questions, you need to understand the structure and

functioning of the human eye.

Let us do the following activities to know about some interesting facts

about our vision.

5.1 Least distance of distinct vision

Activity 1

Take a text book and hold it with your hands in front of you at a

certain distance. Now try to read the contents on the page. Slowly move

the book towards your eye till it is very close to your eyes.
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¿£³¿±\ <�Çs� eç¿¡uó�eq+ >·T]+º MTsÁT >·Ôá  bÍsÄ�«+Xø+ýË #á<�TeÚÅ£�H��sÁT.
$$<ó� kÍ�H�\ýË ed�TïeÚqT+ºq|�Ú&�T ¿£³¿£+ @sÁÎsÁ#û ç|�Ü_+� kÍ�q+, |�]eÖD+
eT]jáTT \¿£�D²\ >·T]+º HûsÁTÌÅ£�H��sÁT. 9e ÔásÁ>·Ü JeXæçd�ï+ýË� C²ãHû+ç~jáÖ\T
nHû bÍsÄÁ+ýË ¿£+{ì �s��D+ >·T]+º Ôî\Td�TÅ£�H��sÁT. <��w¾¼ ç|�Üd�Î+<�q (Sensation

of Vision)nHû �jáTeT+�|Õ �<ó�sÁ|�&� eTq ¿£qT� |��#ûd�Tï+~. ed�TïeÚ\�|Õ |�&�q ¿±+Ü
|�]¹¿�|�D+ #î+~ eTq ¿£+{ì� #ûsÁ&�+ e\¢ eTq+ ed�TïeÚ\qT #áÖ&�>·\T>·TÔ�+. ¿£+{ìýË
ÿ¿£ ¿£³¿£+ �+³T+~.

�+ÔáÅ£� eTT+<�T bÍsÄ�«+Xø+ýË ¿£³¿£ H�uó�«+ÔásÁ+, ed�Tï<�ÖsÁ+ nHû$ ç|�Ü_+�
kÍ�q+, |�]eÖD+, ç|�Ü_+� \¿£�D²\qT �sÁ�sTTkÍïjáT� Ôî\Td�TÅ£�H��sÁT ¿£<�!
· eÖqeÚ� ¿£+{ìýË ¿£³¿£+ bÍçÔá @$T{ì?
· <�ÖsÁ+ýË �q� ed�TïeÚ\qT eT]jáTT <�>·ZsÁ>± �q� ed�TïeÚ\qT #áÖ&�&�+ýË ¿£³¿£+

mý² d�V�äjáT|�&�TÔáT+~?
· n�� d�+<�s�ÒÛ\ýË ÿ¹¿<�ÖsÁ+ýË (Âs{¡H��|Õ) ç|�Ü_+�+ @sÁÎ&�³+ mý² kÍ<ó�«+?
· eTq ¿£+{ìeTT+<�Tq� n�� ed�TïeÚ\qÖ eTq+ d�Îw�¼+>± #áÖ&�>·\eÖ?
· ¿£ÞøßCËÞøßýË y�&�q ¿£³¿±\T <��w¾¼<ÃcÍ\qT mý² d�e]kÍïsTT?

�³Te+{ì ç|�Xø�\Å£� d�eÖ<ó�H�*eÇ&��¿ì eÖqeÚ� ¿£+{ì�s��D+, |��#ûjáTT $<ó�q+
>·T]+º MTsÁT ne>±V�²q #ûd�T¿Ãy�*.

eTq <��w¾¼ (vision) >·T]+º ¿=�� �d�¿ìï¿£sÁyîT®q $w�jáÖ\qT Ôî\Td�T¿Ã&��¿ì ¿ì+~
¿£�Ô�«\qT �sÁÇV¾²<�Ý+.

5.1 d�Îw�¼ <��w¾¼ ¿£úd� <�ÖsÁ+ (Least distance of distinct vision)

¿£�Ôá«+  1
ÿ¿£ |�Úd�ï¿±�� ÔîsÁº MT ¿£+{ì eTT+<�T ¿=+Ôá<�ÖsÁ+ýË |�³T¼¿=� #á<�e&��¿ì

ç|�jáTÜ�+#á+&�. HîeT�~>± � |�Úd�ï¿±�� MT ¿£+{ì yîÕ|�Ú>±, ¿£+{ì¿ì nÜ <�>·ZsÁ>± #û¹sesÁÅ£�
¿£~*+#á+&�.

eÖqeÚ� ¿£qT�`
sÁ+>·T\ ç|�|�+#á+1

n<ó�«jáT+

5

¿£�Ôá«+  1
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fig-1

· What changes do you notice?

You may see that printed letters on the page of the text book appear

blurred or you feel strain in the eye.

Now slowly move the book backwards to a position where you can see

clear printed letters without straining your eye. Ask your friend to measure

the distance between your eye and text book at this position. Note down

its value. Repeat the activity with other friends and note down the distances

for distinct vision in each case.

Find the average of all these distances of clear vision.

· What value do you get for average distance?

From this activity you will come to know that to see an object

comfortably and distinctly, you must hold it at a distance about 25 cm

from your eyes. This distance is called least distance of distinct vision.

This varies from person to person and with age. At a young age (say below

10 years) the muscles around the eye are strong and flexible and can bear

more strain. Therefore the least distance of distinct vision at this age is as

close as 7 to 8 cm. Generally for a healthy person the least distance of

distinct vision is around 25 cm. In old age the muscles cannot sustain

more strain hence the least distance of distinct vision shifts to a larger

value, say, about 1 to 2 m or even more.

· Are you able to see the top and bottom of an object placed at a distance

of about 25 cm from your eye irrespective of its shape?

Let us find out.

Activity  2

Collect a few wooden sticks used in cloth roller in clothes store (or)

collect waste PVC pipes that are used for electric wiring. Prepare sticks

or pipes of 20 cm, 30 cm, 35 cm, 40 cm, 50 cm from them. Place a retort

stand on a table and stand near the table such that your

head is beside the vertical rod (see fig 1). Adjust the clamp

on the horizontal rod and fix it at a distance of 25 cm

from your eyes. Ask one of your friends to fix a wooden

stick of 30 cm height to the clamp in a vertical position as

shown in fig1.

Now keeping your vision parallel to horizontal rod of

the stand, try to see the top and bottom of wooden stick kept

in vertical position.

· Are you able to see both ends of the stick

simultaneously without any movement (shaking) in

your eyes?
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· @+ eÖsÁTÎ\T >·eT�+#�sÁT?
|�Úd�ï¿£+ýË� n¿£�s�\T eTd�¿£u²]q³T¢>± n�|¾kÍïsTT ýñ<� MT ¿£qT� ÿÜï&� (strain)¿ì

>·TÂsÕq³T¢ n�|¾+#áe#áTÌ.
|�Úd�ï¿£+ýË� n¿£�s�\qT MT ¿£qT� @ ÿÜï&� ýñÅ£�+&� #áÖ&�>·*¹> kÍ�q+ esÁÅ£�

HîeT�~>± |�Úd�ï¿±�� yîqT¿£Å£� ÈsÁ|�+&�. �|�ð&�T |�Úd�ï¿±�¿ì MT ¿£+{ì¿ì >·\ <�ÖsÁ+
¿=\eeT� MT �d�V¾²ÔáTs�*¿ì #î|�Î+&�. � $\TeqT HÃ{Ù�T¿ùýË s�d¾ �+#á+&�. �<û
¿£�Ô�«�� MT �d�V¾²ÔáT\ÔÃ #ûjáT+&�. ç|�Ü ÿ¿£ØsÁÖ |�Úd�ï¿£+ m+Ôá<�ÖsÁ+ýË �q�|�ð&�T
n¿£�s�\qT d�Îw�¼+>± #áÖ&�>·*>±sÃ ¿=\e+&�.

n+<�] $\Te\ d�s�d�]� >·Dì+#á+&�.
· � d�s�d�] <�ÖsÁ+ $\Te m+Ôá?

eTq ¿£+{ì¿ì @ ÿÜï&� ýñÅ£�+&�, d�Îw�¼+>± ÿ¿£ ed�TïeÚqT eTq+ #áÖ&�\+fñ n~
eTq ¿£+{ì¿ì �+&�*àq <�Ös��� »d�Îw�¼ <��w¾¼ ¿£úd� <�ÖsÁ+µ n+{²+. �~ e«¿ìï e«¿ìï¿¡,
ejáTd�TqT �{ì¼ eÖsÁTÔáT+~. 10 d�+eÔáàs�\ ýË|�Ú y�]¿ì ¿£+{ì #áT³Ö¼ �+&û ¿£+&�s�\T
<ó��&�+>± (strong), d¾�ÜkÍ�|�¿£ \¿£�D+ ¿£*ÐjáTT+&� (flexible), mÅ£�Øe ÿÜï&�� Ôá³T¼¿Ã>·*¹>
$<ó�+>± �+{²sTT. ¿±�{ì¼ � ejáTd�Tà y�]¿ì d�Îw�¼ <��w¾¼ ¿£úd� <�ÖsÁ+ 7 qT+&� 8
�d+.MT esÁÅ£� �+³T+~. kÍ<ó�sÁD+>± �sÃ>·«e+ÔáT&îÕq eÖqeÚ�¿ì d�Îw�¼ <��w¾¼ ¿£úd�
<�ÖsÁ+ 25 �d+.MT.>± �+³T+~. ejáTd�T eT[ßq y�] ¿£+{ì ¿£+&�s�\T mÅ£�Øe ÿÜï&�
uó�]+#áýñeÚ ¿±�{ì¼ y�] d�Îw�¼ <��w¾¼ ¿£úd� <�ÖsÁ+ 1 qT+&� 2 MT³sÁT¢ ýñ<� n+Ôá¿£H��
mÅ£�Øe>± �+³T+~.

· MT ¿£+{ì¿ì 25 �d+.MT <�ÖsÁ+ýË �+ºq  ed�TïeÚ �¿±sÁ+ mý² �H��, <��� �|Õ
qT+&� ¿ì+~ esÁÅ£� (top to bottom)MTsÁT #áÖ&�>·\s�?

Ôî\Td�TÅ£�+<�+.
¿£�Ôá«+  2

 �³¼\ cÍ|týË �³¼\ #áT³¼\Å£� e#ûÌ ¿£çsÁ\qT ýñ<� m\ç¿ì¼¿ù yîÕ]+>́ ¿=sÁÅ£� y�&û
PVC �|Õ|t\qT �d¿£]+#á+&�. y�{ì� 20 �d+.MT, 30 �d+.MT, 35 �d+.MT, 40 �d+.MT,
50 �d+.MT, bõ&�eÚ>·\ eTT¿£Ø\T>± ¿£Üï]+#á+&�. ÿ¿£ ]{²sY¼kÍ¼+&�qT �\¢�|Õ  �+º,
|�³+`1ýË #áÖ|¾q³T¢ ]{²sY¼kÍ¼+&� �\TeÚ ¿£&�¦ (vertical rod) ç|�¿£Øq
MT Ôá\ �+&û $<ó�+>± u\¢ <�>·ZsÁ �\�&�+&�. MT ¿£+{ì qT+&� 25
�d+.MT. <�ÖsÁ+ýË ]{²sY¼kÍ¼+&�  n&�T¦¿£&�¦¿ì (Horizontal rod)  ¿±¢+|tqT
_Ð+#á+&�. � ¿±¢+|tÅ£� |�³+ 1ýË #áÖ|¾q³T¢ 30 �d+.MT. bõ&�eÚ>·\
¿£çsÁqT ¿£³¼eT� MT �d�V¾²ÔáTs�*¿ì #î|�Î+&�.

�|�ð&�T n&�T¦¿£&�¦  yî+�&� MT <��w¾¼ kÍ]d�Öï,  ¿£çsÁeTT¿£Ø (30
�d+.MT.)qT �|Õ n+#áT qT+&� ¿ì+~ n+#áT esÁÅ£� yîTTÔáï+>± #áÖ&�&��¿ì
ç|�jáTÜ�+#á+&�.
· MT ¿£+{ì� @eÖçÔá+ ¿£~*+#áÅ£�+&� ¿£çsÁyîTTÔ�ï�� ÿ¹¿kÍ] MTsÁT

#áÖ&�>·\T>·TÔáTH��s�?

¿£�Ôá«+  2
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S
C
E
R
T, T

E
LA

N
G
A
N
A



Government’s Gift for Students’ Progress Human  Eye and Colourful World
176

In activity-1, you learned that least distance for distinct vision is about

25 cm. It varies from person to person. If you are not able to see both end

of the stick at this distance (25 cm), adjust the vertical stick on the

horizontal rod till you are able to see both ends of the stick at the smallest

possible distance from your eye. Fix the vertical stick at this position with

the help of the clamp.

Without changing the position of the clamp on the horizontal rod,

replace this stick of 30 cm length with other sticks of various lengths one

by one and try to see the top and bottom of the stick simultaneously without

any change in the position of eye either upwards downwards or side ways.

· Are you able to see both ends of the sticks in all these cases? If not

why?

Let us know.

Observe the following fig.-2. You can see the whole object AB which

is at a distance of 25 cm (least distance of distinct vision) because the

rays coming from the ends A and B of the object AB will enter the eye.

Similarly you can also see whole object CD with eye as explained above.

Let us assume that AB moves closer to the eye to a position AI BI  as shown

in fig.2.

· Will you be able to see the whole object now?

From the fig.-2, you notice that you will be able

to see only the part (EF) of the object AI    BI  because

the rays coming from E and F enter your eye. The

rays coming from AI  and BI   cannot enter your eye.

The rays coming from the extreme ends of an

object form an angle at the eye. If this angle is below

600, we can see the whole object. If this angle is above

600, then we can see only the part of the object.

This maximum angle, at which we are able to see the whole object is

called angle of vision. The angle of vision for a healthy human being is

about 600. It varies from person to person with the age.

You have learnt that the value of least distance of distinct vision is

about 25 cm and the value of angle of vision of human beings is about 600.

You also learnt that these values change from person to person and with

age of person.

· Why do the values of least distance of distinct vision and angle of

vision change with person and age?

To answer the above question, we need to understand the structure of

eye and its functioning.

A

B

AI

BI

E

F

C

D
fig-2
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 d�Îw�¼ <��w¾¼ ¿£úd� <�ÖsÁ+ 25 �d+.MT. n� MTsÁT ¿£�Ôá«+`1ýË HûsÁTÌÅ£�H��sÁT. �~
e«¿ìïe«¿ìï¿¡ eÖsÁTÔáT+~.  ¿£çsÁeTT¿£Ø 25 �d+.MT. <�ÖsÁ+ýË �q�|�ð&�T <�� Âs+&�T
ºesÁ\qT MTsÁT d�Îw�¼+>± #áÖ&�ýñ¿£bþÔû, n&�T¦¿£&�¦ yî+�&� ¿£çsÁeTT¿£ØqT yîqT¿£Å£� ÈsÁ|�+&�.
@ ¿£úd�<�ÖsÁ+ e<�Ý MTsÁT <��� |�P]ï>± #áÖ&�>·\sÃ n¿£Ø&� <��� n&�T¦¿£&�¦¿ì ¿±¢+|t
d�V�äjáT+ÔÃ _Ð+#á+&�.

n&�T¦¿£&�¦�|Õ ¿±¢+|tkÍ�q+ eÖsÁÅ£�+&� 30 �d+.MT. ¿£çsÁkÍ�q+ýË $TÐ*q ¿£çsÁ\qT
(MTsÁT ¿£Üï]+ºq $$<ó� bõ&�eÚ\T >·\ ¿£çsÁ\qT) ÿ¿=Ø¿£Ø{ì>± �+#áTÔáÖ ¿£qT>·T&�T¦qT
�|Õ¿ì̀ ¿ì+~¿ì >±ú, |�¿£Ø\Å£� >±ú ¿£<�\ÌÅ£�+&� � ¿£çsÁeTT¿£Ø\qT �|Õ qT+&� ¿ì+~esÁÅ£L
@¿£¿±\+ýË #áÖ&�&��¿ì ç|�jáTÜ�+#á+&�.
· n�� ¿£çsÁ\qÖ �|ÕqT+&� ¿ì+~esÁÅ£� @¿£¿±\+ýË #áÖ&�>·*>±s�? #áÖ&�ýñ¿£bþÔû,

<��¿ì>·\ ¿±sÁD²ýñ+{ì?
Ôî\Td�TÅ£�+<�+.
|�³+`2 qT |�]o*+#á+&�. d�Îw�¼ <��w¾¼ ¿£úd� <�ÖsÁ+ýË (25 �d+.MT. <�ÖsÁ+ýË) �

q� ed�TïeÚ AB � MTsÁT |�P]ï>± #áÖ&�>·\sÁT. m+<�T¿£q>± ed�TïeÚ jîTT¿£Ø A, B kÍ�H�\qT+&�
e#ûÌ ¿±+Ü¿ìsÁD²\T MT ¿£+{ìýË¿ì #ûsÁTÔ�sTT. n<û $<ó�+>± CD nHû ed�TïeÚqT Å£L&�
|�P]ï>± #áÖ&�>·\sÁT. |�³+`2ýË #áÖ|¾q³T¢ AB ed�TïeÚ MT ¿£+{ì¿ì <�>·ZsÁ>± AI BI

kÍ�q+ esÁÅ£� È]Ð+<�qTÅ£�+<�+.
· �|�ð&�T  MTsÁT ed�TïeÚqT |�P]ï>± #áÖ&�>·\s�?

|�³+`2 qT |�]o*�dï, AI BI kÍ�q+ýË �+ºq ed�TïeÚýË
¿=+Ôáuó²>·+ (EF) eÖçÔáyûT MTsÁT #áÖ&�>·\sÁ� Ôî\Td�Tï+~. m+<�T¿£+fñ
E, F \ qT+&� e#ûÌ ¿±+Ü¿ìsÁD²\T MT ¿£+{ìýË¿ì #ûsÁTÔ�sTT. ¿±ú
AI , BI  _+<�TeÚ\qT+&�  e#ûÌ ¿±+Ü¿ìsÁD²\T MT ¿£+{ìýË¿ì #ûsÁeÚ.

ed�TïeÚ jîTT¿£Ø ºe]_+<�TeÚ\ qT+&� e#ûÌ ¿ìsÁD²\T ¿£+{ì e<�Ý
¿=+Ôá ¿ÃD+ #ûkÍïsTT. � ¿ÃD+ 600 ¿£+fñ ÔáÅ£�Øe>± �+fñ �
ed�TïeÚqT yîTTÔáï+ eTq+ #áÖ&�>·\+. � ¿ÃD+ 600 ¿£H�� mÅ£�Øe �
+fñ � ed�TïeÚýË ¿=+Ôáuó²>·+ eÖçÔáyûT eTq+ #áÖ&�>·\+.

@ >·]w�¼ ¿ÃD+ e<�Ý eTq+ ed�TïeÚqT |�P]ï>± #áÖ&�>·\yîÖ, � ¿ÃD²�� »»<��w¾¼¿ÃD+µµ
(angle of vision) n+{²+. �sÃ>·«e+ÔáT� <��w¾¼¿ÃD+ d�TeÖsÁT>± 600 �+³T+~.
�~ e«¿ìïe«¿ìï¿¡ ejáTd�TqT �{ì¼ eÖsÁTÔáT+~.

kÍ<ó�sÁD eÖqeÚ� d�Îw�¼ <��w¾¼ ¿£úd� <�ÖsÁ+ 25 �d+.MT. eT]jáTT <��w¾¼¿ÃD+ 600

n� MTsÁT Ôî\Td�TÅ£�H��sÁT. ný²¹> � $\Te\T e«¿ìïe«¿ìï¿¡ ejáTd�TqT�{ì¼ eÖsÁTÔ�jáT�
Å£L&� Ôî\Td�TÅ£�H��sÁT.
· d�Îw�¼ <��w¾¼ ¿£úd� <�ÖsÁ+, <��w¾¼¿ÃD+ $\Te\T e«¿ìï��{ì¼, ejáTd�TqT�{ì¼ m+<�TÅ£�

eÖsÁTÔ�sTT?
�|Õ ç|�Xø�Å£� d�eÖ<ó�q+ #îbÍÎ\+fñ, eTq ¿£+{ì �s��D+ (structure) eT]jáTT n~

|��#û�d $<ó�q+ >·T]+º ne>±V�²q #ûd�T¿Ãy�*.
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5.2 Structure of human eye

The human eye is one of the most important

sense organs. It enables us to see the object and

colours around us.

Fig.-3 shows schematically the basic

components of human eye. The eye ball is nearly

spherical in shape. The front portion is more

sharply curved and is covered by a transparent

protective membrane called the ‘cornea’. It is this

portion which is visible from outside. Behind the cornea, there is place

filled with a liquid called aqueous humour and behind this a crystalline

lens which  is responsible for the image formation. Between the aqueous

humour and the lens, we have a muscular diaphragm called ‘iris’ which has a

small hole in it called pupil. Iris is the coloured part that we see in an eye.

The pupil appears black because any light falling on it goes into the

eye and there is almost no chance of light coming back to the outside. Iris

helps in controlling the amount of light entering the eye through ‘pupil’.

In low light condition, the iris makes the pupil to expand so that more light

is allowed to go in  and in the case of bright (or) excess light condition, it

makes the pupil contract and there by prevent the excess light not to go

into eye. Thus ‘iris’ enables  pupil to act as a “variable aperture” for entry

of light into the eye.

The lens is hard in the middle and gradually becomes soft towards the

outer edge. The light that enters the eye forms an image on the retina. (It

covers the rear part of eyeball). The distance between the lens and retina

is about 2.5 cm i.e.,  for any position of object in front of the eye the

image distance is fixed and about 2.5 cm.

· How can we get this same image distance for various positions of

objects?

· Can you answer this question using concepts of refraction through

lenses?

In the previous chapter, you have learnt that for different positions of

object, the image distance remains constant only when there is a change in

focal length of lens. Further,  the focal length of a lens depends on the

material by which it has been made and radii of curvature of lens. We need

to change focal length of eye lens to get same image distance for various

positions of object in front of the eye. This is only possible when the eye

lens is able to change its shape.

fig-3

retina

lens
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5.2 eÖqeÚ� ¿£+{ì �s��D+
C²ãHû+ç~jáÖ\ýË  ¿£qT� ÿ¿£ ç|�<ó�qyîT®q nejáTe+. �~

eTq #áT³Ö¼ �q� $$<ó� ed�TïeÚ\qT, sÁ+>·T\qT #áÖ&�&��¿ì �
|�jîÖ>·|�&�TÔáT+~.
¿£+{ì �s��D²��, ¿£+{ìýË� eTTK« uó²>±\qT |�³+`3ýË
#áÖ&�e#áTÌ. ¿£qT>·T&�T¦ (eye ball) <�<�|�Ú >ÃÞ²¿±sÁ+>± �
+³T+~. <�� eTT+<�Tuó²>·+ mÅ£�Øe eç¿£+>± �+&�, ¿±]�jáÖ
(cornea) nHû bÍsÁ<�sÁô¿£ sÁ¿£ �D bõsÁqT (protective

membrane) ¿£*Ð �+³T+~. ¿£+{ìýË �jáT³Å£� ¿£q�&û uó²>·+ �<û. ¿±]�jáÖ yîqT¿£
ç|�<ûXø+ýË HûçÔÃ<�¿£ ç<�e+ (aqueous humour) �+³T+~. B�yîqT¿£ ç|�Ü_+� @s�Î³TÅ£�
�|�jîÖ>·|�&û ¿£³¿£+ (crystalline lens) �+³T+~. HûçÔÃ<�¿£ ç<�y��¿ì, ¿£³¿±�¿ì
eT<ó�«  ×]dt (iris) nHû ¿£+&�sÁ bõsÁ �+³T+~. � ¿£+&�sÁbõsÁÅ£� �+&û ºq� sÁ+ç<ó���
¿£qTbÍ|� (pupil) n+{²+. eTqÅ£� ¿£+{ìýË ¿£q�&û sÁ+>·T çbÍ+ÔáyûT ×]dt.

¿£qTbÍ|��|Õ |�&�q ¿±+Ü ¿£+{ìýË|�*¿ì yî[¢ �jáT{ì¿ì Ü]Ð e#ûÌ ne¿±Xø+ <�<�|�Ú>±
eÚ+&�<�T. n+<�Te\¢ ¿£qTbÍ|� q\T|�Ú sÁ+>·TýË ¿£q�&�TÔáT+~. ¿£qTbÍ|� <�Çs� ¿£+{ìýË¿ì
ç|�yû¥+#û ¿±+Ü (amount of light)� ×]dt n<�T|�Ú #ûd�Tï+~. ¿±+Ü ç|�¿±Xø+ ÔáÅ£�Øe
�q�|�ð&�T ×]dt ¿£qTbÍ|�qT �|<�Ý~>± #ûd¾ mÅ£�Øe |�]eÖD+ýË ¿±+Ü ýË|�*¿ì bþjûT
$<ó�+>± #ûd�Tï+~. ¿±+Ü ç|�¿±Xøe+Ôá+>± �q� d�+<�s�ÒÛ\ýË ×]dt ¿£qTbÍ|�qT
d�+¿Ãº+|�Cñd¾ ¿±+Ü mÅ£�Øe |�]eÖD+ýË ¿£+{ìýË¿ì bþ�eÇÅ£�+&� n<�T|�Ú #ûd�Tï+~.
� $<ó�+>± ¿£+{ìýË¿ì yîÞâ¢¿±+Ü� �jáT+çÜ+#û <�ÇsÁ+ (variable aperture) eýÉ
|��#ûjáT&��¿ì ¿£qTbÍ|�Å£� ×]dt d�V�äjáT|�&�TÔáT+~. ¿£+{ìýË� ¿£³¿£+ eT<ó�«` uó²>·+ýË
<ó��&�+>±qÖ, n+#áTyîÕ|�Ú bþÔáTq�¿=\B eT�<�TeÚ>±qÖ �+³T+~. ¿£+{ìýË¿ì ç|�yû¥+ºq
¿±+Ü ¿£qT>·T&�T¦Å£� yîqT¿£yîÕ|�Úq �+&û Âs{¡H� (retina)�|Õ ç|�Ü_+u²�� @sÁÎsÁTd�Tï+~.
¿£+{ìýË� ¿£³¿±�¿ì, Âs{¡H�Å£� eT<ó�«<�ÖsÁ+ <�<�|�Ú 2.5�d+.MT �+³T+~. nq>±
¿£+{ìeTT+<�T ed�TïeÚ m+Ôá <�ÖsÁ+ýË �H�� ç|�Ü_+�<�ÖsÁ+ eÖçÔá+ d�TeÖsÁT 2.5
�d+.MT. eÖçÔáyûT.
· $$<ó� ed�Tï<�Ös�\Å£� ÿ¹¿ ç|�Ü_+u<�ÖsÁ+ �+&�&�+ mý² kÍ<ó�«+?
· ¿£³¿±\>·T+&� eç¿¡uó�eq+ >·T]+º MTÅ£�q� ne>±V�²qÔÃ �|Õ ç|�Xø�Å£� d�eÖ<ó�q+

#î|�Î>·\s�?
$$<ó� ed�Tï<�Ös�\Å£� ÿ¹¿ ç|�Ü_+�<�ÖsÁ+ �+&�\+fñ, H�uó�«+ÔásÁ+ $\Te eÖsÁe\d¾

�+³T+<�Hû n+Xæ�� MTsÁT >·Ôá bÍsÄ�«+Xø+ýË HûsÁTÌÅ£�H��sÁT. ný²¹> ¿£³¿£H�uó�«+ÔásÁ+
nHû~ ¿£³¿£+ ÔájáÖÂsÕq |�<�sÁ� d�Çuó²e+�|Õq, <�� eç¿£Ô�y�«kÍsÁ�+�|Õq �<ó�sÁ|�&�TÔáT+<��
MTÅ£� Ôî\Td�T. n+fñ ¿£+{ì H�uó�«+ÔásÁ+ eÖ]ÔûHû $$<ó� <�Ös�\ýË �q� ed�TïeÚ\Å£�
ç|�Ü_+�<�ÖsÁ+ ÿ¹¿ $<ó�+>± �+&û ne¿±Xø+ �+~. ¿£+{ì¿£³¿£+ Ôáq �¿±s���
eÖsÁTÌ¿Ã>·*ÐÔûHû �~ kÍ<ó�«|�&�TÔáT+~.

|�³+-3

Âs{¡H�
¿£³¿£+

×]dt

¿£qTbÍ|�

HûçÔÃ<�¿£
ç<�e+

¿±]�jáÖ

d¾*jáÖ]
¿£+&�s�\T

<��¿ùH�&�
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· How does eye lens change its focal length?

· How does this change take place in the eye ball?

Let us know

The ciliary muscle to which eye lens is attached (see fig-3) helps the

eye lens to change its focal length by changing the radii of curvature of the

eye lens.

When the eye is focussed on a distant object, the ciliary muscles are

relaxed so that the focal length of eye lens has its maximum value which is

equal to its distance from the retina. The parallel rays coming into the eye

are then focussed on to the retina and we see the object clearly.

When the eye is focussed on a closer object, the ciliary muscles are

strained and focal length of eye-lens decreases. The ciliary muscles adjust

the focal length in such a way that the image is formed on retina and we

see the object clearly. This process of adjusting focal length is called

“accommodation”. However these muscles cannot strain beyond a limit

and hence if the object is brought too close to eyes, the focal length cannot

be adjusted to form an image on the retina. Thus there is a minimum distance

for distinct vision of an object which is roughly equal to 25 cm as we have

learned in activity-1.

· Does eye lens form a real image or virtual image?

· How does the image formed on retina help us to perceive the object

without change in its shape, size and colour?

Let us know

The eye-lens forms a real and inverted image of an object on the retina.

The retina is a delicate membrane, which contains about 125 million

receptors called ‘rods’ and ‘cones’ which receive the light signal (cones-

identify the colour: rods-identify the intensity of  light). These signals are

transmitted to the brain through about 1 million optic-nerve fibres. The

brain interprets these signals and finally processes the information so that

we perceive the object in terms of its shape, size and colour.

In our previous discussion, you have learnt that eye-lens itself changes

its focal length in accordance with distance of the object with the help of

ciliary muscles.

· Is there any limit to the change of focal length of the eye-lens?

· What are the maximum and minimum focal lengths of the eye lens?

How can we find them?

Let us find
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· ¿£qT� Ôáq H�uó�«+Ôás��� mý² eÖsÁTÌÅ£�+³T+~?
· ¿£qT>·T&�T¦ýË � eÖsÁTÎ mý² ÈsÁT>·TÔáT+~?

Ôî\Td�TÅ£�+<�+.
¿£+{ìýË� ¿£³¿±�¿ì �qTÅ£�� �q� d¾*jáT] ¿£+&�s�\T (ciliary muscles) ¿£³¿£

eç¿£Ô�y�«kÍs���� eÖsÁÌ&�+ <�Çs� ¿£³¿£+ Ôáq H�uó�«+Ôás��� eÖsÁTÌ¿Ãe&��¿ì
<ÃV�²<�|�&�Ô�sTT.

<�ÖsÁ+ýË �q� ed�TïeÚqT ¿£qT� #áÖd�Tïq�|�ð&�T, d¾*jáT] ¿£+&�s�\T $çXæ+Ôád¾�ÜýË
�+&�³+ e\¢ ¿£+{ì ¿£³¿£ H�uó�«+ÔásÁ+ >·]w�¼eTeÚÔáT+~. n+fñ ¿£³¿£+ qT+&� Âs{¡H�Å£�
>·\ <�Ös��¿ì, H�uó�«+ÔásÁ+ $\Te d�eÖqeTeÚÔáT+~. n|�ð&�T ¿£+{ìýË¿ì e#ûÌ d�eÖ+ÔásÁ
¿ìsÁD²\T Âs{¡H��|Õ ¹¿+çB¿£]+|��&�³+ e\¢ ed�TïeÚqT eTq+ #áÖ&�>·\T>·TÔ�+.

<�>·ZsÁ>± �q� ed�TïeÚqT ¿£qT� #áÖd�Tïq�|�ð&�T, d¾*jáT] ¿£+&�s�\T ÿÜï&�¿ì >·T]¿±e&�+
e\¢ ¿£+{ì ¿£³¿£ H�uó�«+ÔásÁ+ Ôá>·TZÔáT+~. Âs{¡H��|Õ ç|�Ü_+�+ @sÁÎ&û $<ó�+>± d¾*jáT]
¿£+&�s�\T ¿£³¿£ H�uó�«+Ôás��� eÖsÁTkÍïsTT. �ý² ¿£³¿£ H�uó�«+Ôás��� ÔáÐq $<ó�+>±
eÖsÁTÎ#ûd�TÅ£�Hû |�<�ÆÜ� »d�sÁTÝu²³Tµ (accommodation) n+{²+. nsTTÔû  d¾*jáT]
¿£+&�s�\T ÿ¿£ V�²<�TÝ<�{ì eT¯ mÅ£�Øe ÿÜï&�¿ì >·T]¿±ýñeÚ ¿±�{ì¼, ed�TïeÚqT ¿£+{ì¿ì
#�ý² <�>·ZsÁ>± �+ºq|�Ú&�T Âs{¡H��|Õ ç|�Ü_+�+ @sÁÎ&û $<ó�+>± H�uó�«+ÔásÁ d�sÁTÝu²³T
ÈsÁ>·<�T. ¿±�{ì¼ ed�TïeÚqT d�Îw�¼+>± #áÖ&�\+fñ ¿£�Ôá«+`1 ýË Ôî\Td�TÅ£�q�³T¢>± n~
¿£úd�+ 25 �d+.MT. (d�Îw�¼ <��w¾¼ ¿£úd� <�ÖsÁ+) <�ÖsÁ+ýË �+&�*.
· ¿£+{ì ¿£³¿£+ �Èç|�Ü_+u²�� @sÁÎsÁTd�Tï+<�? $T<̧�«ç|�Ü_+u²�� @sÁÎsÁTd�Tï+<�?
· ed�TïeÚ �¿±sÁ+, |�]eÖD+ eT]jáTT sÁ+>·T\ýË @eÖsÁTÎýñÅ£�+&� ed�TïeÚqT eTq+

>·T]ï+#û $<ó�+>± Âs{¡H��|Õ ç|�Ü_+�+ mý² @sÁÎ&�TÔáT+~?
Ôî\Td�TÅ£�+<�+.
¿£+{ì¿£³¿£+ ed�TïeÚ �È ç|�Ü_+u²�� Âs{¡H��|Õ Ôá\ç¿ì+<�T\T>± @sÁÎsÁTd�Tï+~. Âs{¡H�

nHû~ ÿ¿£ d�T��ÔáyîT®q bõsÁ. B�ýË <�+&�\T (rods) eT]jáTT Xø+KTeÚ\T (cones)
nq�&û <�<�|�Ú 125 $T*jáTq¢ ç>±V�²¿±\T (receptors) �+{²sTT. �$ ¿±+Ü
d�+¹¿Ô�\qT (signals) ç>·V¾²kÍïsTT. Xø+KTeÚ\T sÁ+>·TqT >·T]ïkÍïsTT. <�+&�\T ¿±+Ü
rçeÔáqT >·T]ïkÍïsTT. � d�+¹¿Ô�\T <�<�|�Ú 1 $T*jáTH� <��¿ùH�&�T\ (optic - nerve

fibres) <�Çs� yîT<�&�TÅ£� #ûsÁyûjáT�&�Ô�sTT. y�{ìýË� d�eÖ#�s��� yîT<�&�T $Xâ¢w¾+#á&�+
<�Çs� ed�TïeÚ �¿±sÁ+, |�]eÖD+ eT]jáTT sÁ+>·T\qT eTq+ >·T]ïkÍï+.

d¾*jáT] ¿£+&�s�\ d�V�äjáT+ÔÃ ¿£+{ì¿£³¿£+ ed�Tï<�Ös��¿ì nqT>·TD+>± Ôáq
H�uó�«+Ôás��� eÖsÁTÌÅ£�+³T+<�� eTq+ Ôî\Td�TÅ£�H��+.
· ¿£+{ì ¿£³¿£ H�uó�«+ÔásÁ+ eÖsÁTÎÅ£� @<îÕH� V�²<�TÝ (limit) �+<�?
· ¿£+{ì ¿£³¿£+ jîTT¿£Ø ¿£�w�¼, >·]w�¼ H�uó�«+Ôás�\T m+Ôá? y�{ì� eTq+ mý²

¿£qT>=+{²+?
Ôî\Td�TÅ£�+<�+.
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When the object is at infinity, the parallel rays

from the object falling on the eye lens are refracted

and they form a point sized image on retina (see fig-

4(a)).

In this situation, eye-lens has a maximum focal

length.

When the object is at infinity,

u= - ¥; v = 2.5 cm (image distance which is equal

to distance between eye-lens and retina)

using the formula
1

f
 = 

1 1

v u
-

max

1

f
 = 

1 1

2.5
+

¥

max

1

f
 = 

1

2.5
 + 0

f
max

 = 2.5 cm

we get, f
max

 = 2.5 cm

consider that an object is placed at distance of 25 cm from our eye. In this

situation eye has minimum focal length.

Here u = - 25 cm; v = 2.5 cm

Using the formula 
1

f
 = 

1 1

v u
-

min

1

f
  = 

1 1

2.5 25
+

min

1

f
 = 

11

25

 min

25
f =

11
 = 2.27 cm

If the position   of an object is between infinity and the point of least

distance of distinct vision, then the eye lens adjusts it’s focal length in

between 2.5 cm to 2.27 cm to form a clear image on the retina.

The ability of eye-lens to change its focal length is called

“accommodation of lens”.

· What happens if the eye lens is not able to adjust its focal length?

· What happens if the focal length of eye lens is beyond the range of 2.5

cm to 2.27 cm?

Let us find out.

5.3  Defects of  Vision

Sometimes the eye may gradually lose its ability for accommodation.

fig-4(a)

fig-4(b)
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183 eÖqeÚ� ¿£qT� ` sÁ+>·T\ ç|�|�+#á+$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

|�³+ 4(m) ýË #áÖ|¾q³T¢ nq+Ôá<�ÖsÁ+ýË �q� ed�TïeÚ
qT+&� e#ûÌ d�eÖ+ÔásÁ ¿±+Ü¿ìsÁD²\T ¿£+{ì ¿£³¿£+�|Õ |�&�
eç¿¡uó�eq+ #î+<�¿£ Âs{¡H��|Õ ÿ¿£ _+<�TsÁÖ|� ç|�Ü_+u²��
@sÁÎsÁTkÍïsTT. � d�+<�sÁÒÛ+ýË ¿£+{ì¿£³¿£ H�uó�«+ÔásÁ+ >·]w�¼+>±
(maximum) �+³T+~.

ed�TïeÚ nq+Ôá<�ÖsÁ+ýË �q�|�ð&�T :
u= - ¥; v = 2.5 (ç|�Ü_+�<�ÖsÁ+ ¿£³¿±�¿ì, Âs{¡H�¿ì

eT<ó�«>·\ <�Ös��¿ì d�eÖq+)
1 1 1

=
f v u

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

max

1 1 1
=

f 2.5
+

¥

max

1 1
= 0

f 2.5
+

f
max

 = 2.5 �d+.MT
n+fñ ¿£+{ì¿£³¿£ >·]w�¼ H�uó�«+ÔásÁ+ f

max
 = 2.5 �d+.MT

|�³+ 4(_)ýË #áÖ|¾q³T¢ ¿£+{ìeTT+<�T 25 �d+.MT. <�ÖsÁ+ýË ed�TïeÚ
�+<�qTÅ£�+<�+. � d�+<�sÁÒÛ+ýË ¿£+{ì¿£³¿£ H�uó�«+ÔásÁ+ ¿£�w�¼+>± (minimum)
�+³T+~. n|�ð&�T..

u = - 25 �d+.MT.; v = 2.5 �d+.MT.
1 1 1

=
f v u

-  d�ÖçÔá+ ç|�¿±sÁ+

min

1 1 1
=

f 2.5 25
+

min

1 11
=

f 25

min

25
f =

11
 = 2.27 �d+.MT.

d�Îw�¼ <��w¾¼ ¿£úd� <�Ös��¿ì, nq+Ôá<�Ös��¿ì eT<ó�«ýË @<Ã ÿ¿£ kÍ�q+ýË ed�TïeÚ
�+fñ, ¿£+{ì¿£³¿£+ Ôáq H�uó�«+Ôás��� 2.27 �d+.MT qT+&� 2.5 �d+.MT\Å£� eT<ó�«d�ï+>±
�+&û³T¢ d�sÁTÝu²³T #ûd�TÅ£�+³T+~. Ôá<�Çs� ç|�Ü_+�+ Âs{¡H��|Õ @sÁÎ&�TÔáT+~.

¿£+{ì¿£³¿£+ Ôáq H�uó²«+Ôás��� eÖsÁTÌÅ£�Hû kÍeTs��«�� ¿£³¿£ d�sÁTÝu²³T kÍeTsÁ�«+
(accomodation of lens) n+{²+.
· ¿£+{ì¿£³¿£+ Ôáq H�uó�«+Ôás��� eÖsÁTÌ¿Ãýñ¿£bþÔû @+ ÈsÁT>·TÔáT+~?
· ¿£+{ì¿£³¿£ H�uó²«+ÔásÁ+ 2.27`2.5 �d+.MT.\Å£� eT<ó�«d�ï+>± ýñ¿£bþÔû @eTeÚÔáT+~?

Ôî\Td�TÅ£�+<�+.
5.3 <��w¾¼ <ÃcÍ\T

¿=�� d�+<�s�ÒÛ\ýË ¿£qT� Ôáq d�sÁTÝu²³T kÍeTs��«�� ç¿£eT+>± ¿ÃýËÎÔáT+~.

|�³+-4(m)

|�³+-4(_)
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In such conditions the person cannot see an object clearly and

comfortably. The vision becomes blurred due to accommodation defects

of the eye lens. There are mainly three common defects of vision.

They are:

i. Myopia

ii. Hypermetropia

iii. Presbyopia.

5.3.1 Myopia

Some people cannot see objects at long distances but can see nearby

objects clearly. This type of defect in vision is called ‘Myopia’. It is also

called ‘near sightedness’. For these people the maximum focal length is

less than 2.5 cm. In such cases the rays coming from distant objects, after

refraction through the eye lens, form an image before the retina as shown

in figures-5(a) and (b).

A healthy person can see objects at all distances more than 25 cm

clearly but a person with myopia

can see objects clearly up to a

certain distance. Let the

extreme point from where an

object appears clearly to a

person with myopia be ‘M’

(shown in fig.-5(c)).

If the object is at M or in

between M and point of least

distance of distinct vision

(L),the eye lens can form an

image on the retina (see fig.-

5(c) and 5(d)). This point M is

called ‘far point’.

The point of maximum

distance at which the eye lens

can form an image on the retina

is called ‘far point’.

The defect, in which people cannot see objects beyond far point is

called ‘Myopia’.

fig-5(a)

fig-5(b)

fig-5(c)

fig-5(d)
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n³Te+{ì |�]d¾�ÔáTýË¢ d�<�sÁT e«¿ìï ed�TïeÚqT d�T\uó�+>±, d�Îw�¼+>± #áÖ&�ýñ&�T.
¿£+{ì ¿£³¿£ d�sÁTÝu²³T <ÃcÍ\ (accomodation defects) e\¢ #áÖ|�Ú eTd�¿£u²]q³T¢>±
neÚÔáT+~. n$ eTÖ&�T sÁ¿±\T.

i)   çV�²d�Ç<��w¾¼ (myopia)
ii)   BsÁé<��w¾¼ (hypermetropia)
iii)  #áÔ�ÇsÁ+ (presbyopia)

5.3.1 çV�²d�Ç<��w¾¼ (Myopia)
¿=+<�sÁT <�>·ZsÁ>± �q� ed�TïeÚ\qT #áÖ&�>·\sÁT ¿±ú <�ÖsÁ+ýË �q� ed�TïeÚ\qT

d�Îw�¼+>± #áÖ&�ýñsÁT. �³Te+{ì <��w¾¼<ÃcÍ�� çV�²d�Ç<��w¾¼ n+{²+. � <Ãw�+ >·\ e«Å£�ï\Å£�
¿£+{ì¿£³¿£ >·]w�¼ H�uó�«+ÔásÁ+ 2.5 �d+.MT. ¿£H�� ÔáÅ£�Øe �+³T+~. �³Te+{ì d�+<�sÁÒÛ+ýË,
<�ÖsÁ+ýË �q� ed�TïeÚ\ qT+&� e#ûÌ ¿±+Ü ¿ìsÁD²\T ¿£+{ì ¿£³¿£+ <�Çs� eç¿¡uó�eq+
bõ+<�¿£ 5(m), 5(_)|�{²\ýË #áÖ|¾q³T¢ Âs{¡H�Å£� eTT+<�T ¿=+Ôá<�ÖsÁ+ýË ç|�Ü_+u²��
@sÁÎsÁTkÍïsTT.

�sÃ>·«e+ÔáTýÉÕq y�sÁT 25 �d+.MT. ¿£H�� mÅ£�Øe <�ÖsÁ+ýË �q� @ ed�TïeÚHîÕH� d�Îw�¼+>±
#áÖ&�>·\sÁT. ¿±ú çV�²d�Ç<��w¾¼ �q�y�sÁT ¿=+Ôá<�ÖsÁ+ yûTsÁ¹¿ ed�TïeÚqT d�Îw�¼+>± #áÖ&�>·\sÁT.
çV�²d�Ç<��w¾¼ ¿£\y�]¿ì, |�³+ 5(d¾) ýË#áÖ|¾q M _+<�TeÚ esÁÅ£� >·\ ed�TïeÚ\T eÖçÔáyûT

d�Îw�¼+>± ¿£q�&�Ô�jáTqTÅ£�+<�+.
ed�TïeÚ M e<�Ý >±ú M Å£�,

d�Îw�¼ <��w¾¼ ¿£úd� <�Ös��� Ôî*�|
_+<�TeÚ (L)Å£� eT<ó�« @<îÕH�
ç|�<ûXø+ýË >±ú �+fñ ¿£+{ì
¿£³¿£+ ç|�Ü_+u²�� Âs{¡H��|Õ
@sÁÎsÁTd�Tï+~. (|�³+ 5(d¾)
eT]jáTT 5(&�) \qT #áÖ&�+&�.)
M qT >·]w�¼ <�ÖsÁ _+<�TeÚ (Far

point) n+{²+. @ >·]w�¼ <�ÖsÁ+
e<�ÝqTq� _+<�TeÚÅ£� ýË|�\ >·\
ed�TïeÚ \Å£� eÖçÔáyûT ¿£+{ì¿£³¿£+
Âs{¡H��|Õ ç|�Ü_+u²�� @sÁÎsÁ#á
>·\T>·TÔáT+<Ã, � _+<�TeÚqT
>·]w�¼ <�ÖsÁ_+<�TeÚ n+{²+.

ÿ¿£e«¿ìï >·]w�¼<�ÖsÁ _+<�TeÚÅ£� �e\ �q� ed�TïeÚqT #áÖ&�ýñ¿£bþjûT <ÃcÍ��
'çV�²d�Ç<��w'¾ ¼ n+{²+.

|�³+-5(m)

|�³+-5(_)

|�³+-5(d¾)

|�³+-5(&�)
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· What can we do to correct myopia?

The eye lens can form

clear image on the retina,

when an object is placed

between far point and

point of least distance of

distinct vision. If we are able to bring the image of the object kept beyond

far point , between the far point and the point of least distance of distinct

vision using a lens, this image acts as an object for the eye lens.

This can be made possible only when a concave lens is used (recollect

image formation by refraction through a concave lens).

· How can you decide the focal length of the lens to be used to correct

myopia?

To correct one’s Myopia, we need to select a lens which forms an

image at the far point for an object at infinity. We need to select bi-concave

lens to achieve this.

This image acts like an object for the eye lens. Hence the final image

is formed on the retina.

Let us find the focal length of this bi-concave lens.

Here object distance (u) is infinity and image distance (v) is equal to

distance of far point.

u = - ¥  ; v = distance of far point = -D

let ‘f’ be the focal length of bi-concave lens.

Using lens formula, 
1

f
 = 

1 1

v u
-

1

f
 = 

1

D
Þ

-
 f = –D

Here ‘f’ is negative showing that it is a concave lens.

· What happens when the eye has a minimum focal length greater than

2.27 cm?

Let us find out.

5.3.2  Hypermetropia

Hypermetropia is also known as “far sightedness”. A person with

hypermetropia can see distant objects clearly but cannot see objects at

near distances, because the minimum focal length of eye lens for the person

of hypermetropia is greater than 2.27 cm.

fig-5(e)
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· çV�²d�Ç<��w¾¼� d�e]+#á&��¿ì
@+ #ûjáÖ*?

>·]w�¼<�ÖsÁ _+<�TeÚÅ£�, d�Îw�¼
<��w¾ ¼ ¿£úd� <�Ös��� Ôî*�|
_+<�TeÚÅ £� eT<ó � « ed �T ïeÚ

�q�|�ð&�T ¿£+{ì¿£³¿£+ Âs{¡H��|Õ ç|�Ü_+u²�� @sÁÎsÁ#á>·\<�T. ¿±�{ì¼ ÿ¿£ ¿£³¿±�� �
|�jîÖÐ+º >·]w�¼ <�ÖsÁ _+<�TeÚÅ£� �e\ �q� ed�TïeÚ jîTT¿£Ø ç|�Ü_+u²�� >·]w�¼ <�ÖsÁ
_+<�TeÚ (M) eT]jáTT d�Îw�¼ <��w¾¼ ¿£úd� <�Ös��� Ôî*�| _+<�TeÚ (L) \ eT<ó�«Å£�
Ôû>·*ÐÔû, � ç|�Ü_+�+ ¿£+{ì¿£³¿±�¿ì ed�TïeÚý² |��#ûd�Tï+~.

|�Ú{²¿±sÁ ¿£³¿±�� y�&�&�+ e\¢ �~ kÍ<ó�«|�&�TÔáT+~. (|�Ú{²¿±sÁ ¿£³¿£+ <�Çs�
¿±+Ü eç¿¡uó�eq+ #î+<�&�+ e\¢ ç|�Ü_+�+ @sÁÎ&û $<ó�H��� >·TsÁTï #ûd�T¿Ã+&�.)
· çV�²d�Ç<��w¾¼� �y�]+#á&��¿ì y�&�e\d¾q |�Ú{²¿±sÁ ¿£³¿£ H�uó�«+ÔásÁ+ m+Ôá

�+&�\Hû~ mý² �sÁ�sTTkÍï+?
çV�²d�Ç<��w¾¼� �y�]+#á&��¿ì, nq+Ôá<�ÖsÁ+ýË �+&û ed�TïeÚ jîTT¿£Ø ç|�Ü_+u²��

>·]w�¼ <�ÖsÁ_+<�TeÚ e<�Ý @sÁÎsÁ#á>·*¹> ¿£³¿±�� m+#áT¿Ãy�*. ¿±�{ì¼ eTq+ ~Ç|�Ú{²¿±sÁ
¿£³¿±�� m+#áT¿Ãy�*.

� ¿£³¿£+ @sÁÎsÁ#û ç|�Ü_+�+ ¿£+{ì ¿£³¿±�¿ì ed�TïeÚý² |��#ûd¾ ºesÁ>± ç|�Ü_+�+
Âs{¡H��|Õ @sÁÎ&�TÔáT+~.

� ~Ç|�Ú{²¿±sÁ ¿£³¿£ H�uó�«+Ôás��� ¿£qT>=+<�+.
� d�+<�sÁÒÛ+ýË ed�Tï<�ÖsÁ+ (u) nq+Ôá+. ç|�Ü_+�<�ÖsÁ+ (v) >·]w�¼ <�ÖsÁ _+<�TeÚÅ£�

>·\ <�Ös��¿ì d�eÖq+. ¿±eÚq
u = - ¥  ; v =  -D (>·]w�¼ <�ÖsÁ_+<�TeÚÅ£� ¿£+{ì¿ì >·\<�ÖsÁ+)

~Ç|�Ú{²¿±sÁ ¿£³¿£ H�uó�«+ÔásÁ+ f nqTÅ£�+fñ..
1 1 1

=
f v u

-  d�ÖçÔ��� �|�jîÖÐ+ºq|�Ú&�T

1 1
=

f D-
 _ f = -D

�¿£Ø&� f Å£� »�TTD $\Teµ s�e&�eTHû~ |�Ú{²¿±sÁ ¿£³¿±�� Ôî*jáTCñd�Tï+~.
· ¿£+{ì ¿£³¿£ ¿£�w�¼ H�uó²«+ÔásÁ+ 2.27 �d+.MT ¿£+fñ mÅ£�ØyîÕÔû @+ ÈsÁT>·TÔáT+~?

Ôî\Td�TÅ£�+<�+.

5.3.2 BsÁé<��w¾¼ (Hypermetropia)
 BsÁé<��w¾¼ >·\ e«¿ìï <�ÖsÁ+ýË �q� ed�TïeÚ\qT d�Îw�¼+>± #áÖ&�>·\sÁT ¿±ú <�>·Z]

ed�TïeÚ\qT #áÖ&�ýñsÁT. BsÁé<��w¾¼ >·\ e«Å£�ï\Å£� ¿£+{ì ¿£³¿£ ¿£�w�¼ H�uó�«+ÔásÁ+ 2.27
�d+.MT. ¿£H�� mÅ£�Øe>± �+&�&�yûT B�¿ì ¿±sÁD+.

|�³+-5(�)
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In such cases, the rays coming

from a nearby object, after

refraction at eye lens, forms an

image beyond the retina as

shown in fig.- 6 (a).

Let the point of least

distance at which the eye lens

forms a clear image on the

retina for a person with

hypermetropia be ‘H’. See fig.-

6(b).

If an object is at H or

beyond H, the eye can form its

image on retina (see figures

6(b) and 6(c)). If the object is between H and point of least distance of

distinct vision (L) then it cannot form an image. See fig.- 6(a).

The point of minimum distance at which the eye lens can form an image

on the retina is called near point (d). The people with defect of

hypermetropia cannot see objects placed between near point (H) and point

of least distance of distinct vision (L).

· What can we do to correct hypermetropia?

Eye lens can form a clear image on the retina when any object is placed

beyond near point. To correct the defect of hypermetropia, we need to use

a lens which forms an image of an object beyond near point, when the

object is between near point (H) and least distance of distinct vision (L).

This is possible only when a double convex lens is used.

· How can you decide the focal length of the convex lens to be used?

To find the focal length of

lens, let us consider that the

object is at point of least

distance of distinct vision (L).

Then the defect of vision,

hypermetropia, is corrected when the image of the object at L is formed at

the near point (H) by using a bi-convex lens as shown in fig.-6(d).

This image acts like an object for the eye lens. Hence final image

due to eye is formed at retina (see fig.- 6(d))

fig-6(a)

fig-6(b)

fig-6(c)

H

H

H

L

L

L

fig-6(d)
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�³Te+{ì d�+<�sÁÒÛ+ýË <�>·ZsÁýË�
ed�TïeÚqT+&� e#ûÌ ¿±+Ü ¿ìsÁD²\T
¿£+{ì¿£³¿£+ <�Çs� eç¿¡uó�eq+
bõ+<�¿£,  ç|�Ü_+�+ |�³+ 6(m)
ýË #áÖ|¾q³T¢ Âs{¡H�Å£� �e\
@sÁÎ&�TÔáT+~.

ed�TïeÚ H _+<�TeÚ e<�Ý ýñ<�
<��¿ì �e\ �+fñHû  BsÁé<��w¾¼>·\
e«¿ìï <��� #áÖ&�>·\&�qTÅ£�+<�+.

n+fñ ed�TïeÚ H e<�Ý >±ú, H
Å£� �e\ >±ú �q�|�ð&�T nÔáá�
¿£+{ì¿£³¿£+ ç|�Ü_+u²�� Âs{¡H��|Õ
@sÁÎsÁ#á>·\<�T. (|�³+ 6(_), 6(d¾)

\qT #áÖ&�+&�). H Å£�, d�Îw�¼ <��w¾¼ ¿£úd� <�Ös��� Ôî*�| _+<�TeÚ (L)Å£� eT<ó�« ed�TïeÚ
�+fñ Âs{¡H��|Õ ç|�Ü_+�+ @sÁÎ&�<�T. (|�³+ 6(m) #áÖ&�+&�)

@ ¿£�w�¼<�ÖsÁ+ e<�Ý >·\ _+<�TeÚÅ£� �e\ >·\ ed�TïeÚ\Å£� eÖçÔáyûT ¿£+{ì¿£³¿£+
Âs{¡H��|Õ ç|�Ü_+u²�� @sÁÎsÁ#á>·\<Ã, � _+<�TeÚqT ¿£�w�¼<�ÖsÁ _+<�TeÚ (near point)
n+{²+. BsÁé<��w¾¼ >·\y�sÁT ¿£�w�¼<�ÖsÁ _+<�TeÚ (H)Å£�, d�Îw�¼ <��w¾¼ ¿£úd� <�Ös���
Ôî*�|_+<�TeÚ (L)Å£� eT<ó�«>·\ ed�TïeÚ\qT #áÖ&�ýñsÁT.
· BsÁé<��w¾¼� d�e]+#á&��¿ì @+ #ûjáÖ*?

ed�TïeÚ ¿£�w�¼<�ÖsÁ _+<�TeÚÅ£� �e\ �+fñ, ¿£+{ì¿£³¿£+ Âs{¡H��|Õ ç|�Ü_+u²��
@sÁÎsÁ#á>·\<�T. ¿£qT¿£ ¿£�w�¼<�ÖsÁ _+<�TeÚ (H) Å£� d�Îw�¼ <��w¾¼ ¿£úd� <�Ös��� Ôî*�|
_+<�TeÚ (L)Å£� eT<ó�«qTq� ed�TïeÚ jîTT¿£Ø ç|�Ü_+u²�� ¿£�w�¼<�ÖsÁ _+<�TeÚÅ£� �e\
@sÁÎsÁ#á>·*¹> ¿£³¿±�� eTq+ �|�jîÖÐ+#�*.

~ÇÅ£�+uó²¿±sÁ ¿£³¿±�� y�&�³+ e\¢ �~ kÍ<ó�«|�&�TÔáT+~.
· BsÁé<��w¾¼� �y�]+#á&��¿ì y�&�e\d¾q Å£�+uó²¿±sÁ ¿£³¿£ H�uó�«+ÔásÁ+ m+Ôá

�+&�\Hû~ mý² �sÁ�sTTkÍï+?
¿£³¿£ H�uó�«+Ôás��� ¿£qT>=q&��¿ì, d�Îw�¼ <��w¾¼ ¿£úd� <�Ös��� Ôî*�| _+<�TeÚ (L)

e<�Ý ÿ¿£ ed�TïeÚ �q�<�� }V¾²+#á+&�. |�³+ 6(&�) ýË #áÖ|¾q$<ó�+>± L e<�Ý �q�
ed�TïeÚ ç|�Ü_+u²��  ¿£�w�¼<�ÖsÁ
_+<�TeÚ (H) e<�Ý @sÁÎsÁ#á>·*¹>
~ÇÅ£�+uó²¿±sÁ ¿£³¿±�� �|�jîÖÐ�dï
<��w¾¼<Ãw�+ d�e]+#á�&�TÔáT+~.

� ç|�Ü_+�+ ¿£+{ì¿£³¿±�¿ì ed�TïeÚ>± |��#ûd�Tï+~. ¿£qT¿£ ºesÁ>± ¿£+{ì¿£³¿£+
e\q @sÁÎ&û ç|�Ü_+�+ Âs{¡H��|Õ @sÁÎ&�TÔáT+~. (|�³+ 6(&�) #áÖ&�+&�)

|�³+-6(&�)
H

L

|�³+-6(m)

H L

|�³+-6(_)

|�³+-6(d¾)

H

H

L

L
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Here object distance (u) = -25 cm

Image distance (v) = distance of near point = -d

Let ‘f’ be the focal length of bi-convex lens.

Using lens formula, 
1

f
 = 

1 1

v u
-

1

f
  = 

1 1

25d
-

- -
1

f
 = 

1 1

25d
- +

1

f
 = 

( )25

25

d

d

-

f= ( )
25

25

d

d -  (f is measured in centimeters)

We know that as d > 25cm, so, ‘f’ becomes +ve i.e., we need to use
biconvex lens to correct defect of hypermetropia.

5.3.3 Presbyopia

Presbyopia is vision defect when the ability of accommodation of the
eye usually decreases with ageing. For most people the near point gradually
recedes away. They find it difficult to see nearby objects clearly and
distinctly.

This happens due to gradual weakening of ciliary muscles and
diminishing flexibility of the eye lens. This effect can be seen in aged
people. Sometimes a person may suffer from both myopia and
hypermetropia with ageing .

To correct this type of defect of vision we need bi-focal lenses which
are formed using both concave and convex lenses. Its upper portion consists
of the concave lens and lower portion consists of the convex lens.

If you go to an eye hospital to get tested for vision defects, the doctor
gives you a prescription that contains some information regarding type of
lens to be used to correct vision.

· Have you ever observed details in the prescription?

You might have heard people saying “my sight is increased or
decreased”.

· What does it mean? Sight increased and decreased?

Usually doctors, after testing for defects of vision, prescribe corrective
lenses indicating their power which determines the type of lens to be used

and its focal length.

· What do you mean by power of lens?

5.3.4 Power of lens

The degree of convergence or divergence of light rays that can be

achieved by a lens is expressed in terms of its power.
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� d�+<�sÁÒÛ+ýË, ed�Tï<�ÖsÁ+ (u) = -25 �d+.MT.
ç|�Ü_+�+ <�ÖsÁ+ (v) = -d (¿£+{ì¿ì, ¿£�w�¼ <�ÖsÁ_+<�TeÚÅ£�>·\ <�ÖsÁ+)
eTq+ y�&û ~ÇÅ£�+uó²¿±sÁ ¿£³¿£ H�uó�«+ÔásÁ+ f nqTÅ£�+fñ..
1 1 1

=
f v u

- d�ÖçÔ��� �|�jîÖÐ+ºq|�Ú&�T :

1 1 1
=

f d 25
-

- -
 a  

1 1 1
=

f d 25
+

-

1 (d 25)
=

f 25d

-
    a  

25d
f =

(d 25)-  (f qT �d+.MT. \ýË ¿=\TkÍï+)

d > 25 n� eTqÅ£� Ôî\Td�T. ¿±�{ì¼ f  $\Te <ó�H�Ôá�¿£+ neÚÔáT+~. nq>±
~ÇÅ£�+uó²¿±sÁ ¿£³¿±�� y�&� BsÁé<��w¾¼� d�e]+#áe#áTÌ.

5.3.3  #áÔ�ÇsÁ+ (Presbyopia)
kÍ<ó�sÁD+>± ejáTd�TÔÃ bÍ³T>± ¿£+{ì d�sÁT Ýu²³T kÍeTsÁ�«+ (power of

accommodation) ÔáÐZbþÔáT+~. �³Te+{ì <��w¾¼<ÃcÍ�� #áÔ�ÇsÁ+ n+{²+. ejáTd�TÔÃ
bÍ³T>± #�ý² eT+~¿ì ¿£�w�¼<�ÖsÁ _+<�TeÚ (near point) ç¿£eT+>± <�ÖsÁyîT®bþÔáT+~.
n|�ð&�T y�sÁT, <�>·ZsÁýË �q� ed�TïeÚ\qT d�Îw�¼+>± #áÖ&�ýñsÁT.

 d¾*jáT] ¿£+&�s�\T ç¿£eT+>± �\VÓ²q|�&� ¿£+{ì¿£³¿£ d¾�ÜkÍ�|�¿£ \¿£�D+ ç¿£eT+>±
ÔáÐZbþe&�+ e\q � $<ó�+>± ÈsÁT>·TÔáT+~. ¿=��kÍsÁT¢ ejáTd�T�|sÁ>·&�+ e\q ÿ¿£e«¿ìï¿ì
çV�²d�Ç<��w¾¼, BsÁé<��w¾¼ <ÃcÍ\T Âs+&�Ö ¿£\>·e#áTÌ.

�³Te+{ì d�+<�s�ÒÛ\ýË <ÃcÍ�� d�e]+#á&��¿ì ~ÇH�uó�«+ÔásÁ ¿£³¿±�� (bi-focal

lense) �|�jîÖÐ+#�*. � ¿£³¿£+ �|Õuó²>·+ýË |�Ú{²¿±sÁ ¿£³¿£+, ¿ì+~ uó²>·+ýË Å£�+uó²¿±sÁ
¿£³¿£+ �+{²sTT.

kÍ<ó�sÁD+>± eTq+ ¿£+{ì �d�T|�çÜ¿ì yî[ßq|�Ú&�T, &�¿£¼sY eTq ¿£ÞøßqT |�¯¿ì�+#�¿£
eTq+ y�&�e\d¾q ¿£³¿±\Å£� d�+�+~ó+ºq $es�\qT ç|¾çd¾Ø|�üH� (prescription)ýË
s�d¾kÍïsÁT.
· ¿£+{ì&�¿£¼sY s��d ç|¾çd¾Øw�üH�ýË� $es�\qT MTÂs|�ð&îÕH� |�]o*+#�s�?

n|�ð&�|�ð&�T ¿=+<�sÁT »»H�Å£� �dÕ{Ù �|]Ð+~ ýñ<� ÔáÐZ+~µµ n� eÖ{²¢&�³+ MTsÁT
$� �+{²sÁT ¿£<�!
· �dÕ{Ù �|sÁ>·&�+ ýñ<� Ôá>·Z&�+ n+fñ @$T{ì?

&�¿£¼sÁT eTq ¿£+{ì� |�]o*+º <ÃcÍ�� >·T]ï+#�¿£, <Ãw��y�sÁDÅ£� y�&�e\d¾q
¿£³¿£ kÍeTs��«�� (power of lens) ç|¾çd¾Øw�üH�ýË s�kÍïsÁT. ¿£³¿£ kÍeTs��«�� �{ì¼, ¿£³¿£
d�Çuó²e+ eT]jáTT <�� H�uó�«+ÔásÁ+ $\Te Ôî\TkÍïsTT.
· ¿£³¿£+ kÍeTsÁ�«+ n+fñ @$T{ì?
5.3.4 ¿£³¿£ kÍeTsÁ�«+

ÿ¿£ ¿£³¿£+ ¿±+Ü¿ìsÁD²\qT ¹¿+çB¿£]+#û kÍ�sTT ýñ<� $¹¿+çB¿£]+#û kÍ�sTT�
¿£³¿£ kÍeTsÁ�«+>± e«¿£ï|�sÁTkÍï+.
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fig-7
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The reciprocal of focal length is called power of lens.

Let ‘f’ be the focal length of lens.

Power of lens P = 
1

f
 
(in m)

; P = 
100

f
 
(in cm)

The unit of power is dioptre.

It is denoted by the letter ‘D’.

Example1

Doctor advised to use 2D lens. What is its focal length?
Solution: Given that power of lens P = 2D

Using, P = 
100

f
 (in cm);   2 = 

100

f

Therefore, f  =  
100

2
  = 50 cm.

The lens has focal length, f = 50 cm.

5.4 Dispersion and Scattering of Light

You might have seen a rainbow form in the sky just after a rain shower.

It must have fascinated you with spectacular colours appearing as a semi-

circular band of colours.

· How could the white light of the sun give us various colours of the rainbow?

In previous chapters, you have studied the behaviour of light when it

refracts through plane surface and curved surfaces, such as a lens. You

also studied the nature, position and relative size of image formed by lenses.

· What happens to a light ray when it passes through a transparent

medium bounded by plane surfaces which are inclined to each other?

· What is a prism?

5.4.1 Prism
A prism is a transparent medium separated from the surrounding

medium by at least two plane surfaces which are inclined at a certain angle

in such a way that, light incident on one of the plane surfaces emerges

from the other plane surface. To understand the

behaviour of light when it is incident on a plane

of prism and passes through the prism, we need

to define certain terms associated with prisms.

Consider a triangular glass prism. It contains

two triangular bases and three rectangular plane

lateral surfaces. These lateral surfaces are

inclined to each other.

Let us consider that tr iangle PQR

represents outline of the prism where it rests

on its triangular  base. Let us assume that a light

ray is incident on the plane surface PQ of a prism
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¿£³¿£ H�uó�«+ÔásÁ+ jîTT¿£Ø $ýËeT $\TeqT ¿£³¿£ kÍeTsÁ�«+ n+{²+.
ÿ¿£ ¿£³¿£ H�uó�«+ÔásÁ+ f nqTÅ£�+fñ,

¿£³¿£ kÍeTsÁ�«+ P = 
1

f
  

(�d+.MT); P = 
100

f  (�d+.MT.\ýË)
¿£³¿£ kÍeTs��«�¿ì ç|�eÖD+ &�jáÖ|��¼sY (Dioptre). B�� DÔÃ d�ÖºkÍï+.

�<�V�²sÁD 1
2D ¿£³¿±�� y�&�\� &�¿£¼sY d�Öº+#�sÁT. � ¿£³¿£ H�uó�«+ÔásÁ+ m+Ôá?

kÍ<ó�q :  ¿£³¿£ kÍeTsÁ�«+ P = 2D

P = 100 / f (�d+.MT.\ýË)  d�ÖçÔá+ ç|�¿±sÁ+
 2 = 100 / f a  f  =  100/2  = 50 �d+.MT.
¿£³¿£H�uó�«+ÔásÁ+ f = 50  �d+.MT.

5.4 ¿±+Ü $¹¿�|�D+ (Dispersion) , ¿±+Ü |�]¹¿�|�D+ (Scattering)

n|�ð&�|�ð&�T esÁü+ eºÌ ÔáÐZqyî+³Hû �¿±Xø+ýË �+ç<� <ó�qd�Tà (rainbow) @sÁÎ&�&�+
MTsÁT #áÖd¾ �+{²sÁT. nsÁ�e\jáÖ¿±sÁ+ýË�+&û � sÁ+>·T\T #áÖd¾ MTÅ£� m+ÔÃ �q+<�+
¿£*Ð �+³T+~.
· Ôî\¢� sÁ+>·TýË �+&û d�ÖsÁ«¿±+Ü �+ç<�<ó�qd�TàýË� sÁ+>·T\qT mý² �eÇ>·\T>·TÔáT+~?

>·Ôá bÍsÄ�«+Xæ\ýË d�eTÔáý²\ e<�Ý, ¿£³¿±\e+{ì eç¿£Ôáý²\ e<�Ý ¿±+Ü eç¿¡uó�eq+
#î+<�&�+ >·T]+º Ôî\Td�TÅ£�H��sÁT. ný²¹> ¿£³¿±\ e\¢ @sÁÎ&û ç|�Ü_+� kÍ�q+, |�]eÖD+
eT]jáTT \¿£�D²\ >·T]+º HûsÁTÌÅ£�H��sÁT.
· ÿ¿£<��¿=¿£{ì ¿=+Ôá¿ÃD+ #û�d d�eTÔáý²\T>·\ bÍsÁ<�sÁô¿£ jáÖq¿£+ >·T+&�

¿±+Ü¿ìsÁD+ ç|�d�]+ºq|�ð&�T @+ ÈsÁT>·TÔáT+~?
· |�³¼¿£+ n+fñ @$T{ì?
5.4.1 |�³¼¿£+ (prism)

ÿ¿£<��¿=¿£{ì ¿=+Ôá¿ÃD+ #û�d ¿£úd�+ Âs+&�T d�eTÔáý²\ÔÃ |�]d�sÁjáÖq¿£+ qT+&�
yûsÁT#ûjáT�&� �q� bÍsÁ<�sÁô¿£ jáÖq¿±�� |�³¼¿£+ n+{²+. |�³¼¿£+ýË ÿ¿£ d�eTÔá\+�|Õ
¿±+Ü |�Ôáq+ #î+~Ôû, n~ |�³¼¿£+ >·T+&� ç|�jáÖDì+º Âs+&Ã d�eTÔá\+ >·T+&� �jáT³Å£�
ed�Tï+~. |�³¼¿£ Ôá\+�|Õ |�Ôáq+ #î+~, |�³¼¿£+ýË¿ì ç|�jáÖDì+ºq ¿±+Ü ç|�esÁïqqT
ne>±V�²q #ûd�T¿Ãe&��¿ì, |�³¼¿±\Å£� d�+�+~ó+ºq ¿=�� |�<�\qT eTq+

�sÁÇº+#áT¿Ãy�*.
çÜuó�TC²¿±sÁ >±E|�³¼¿±�� |�]o*�dï, <��¿ì Âs+&�T

çÜuó�TC²¿±sÁ �<ó�s�\T (Bases), eTÖ&�T BsÁé#áÔáTsÁçkÍï¿±sÁ|�Ú
y�\T d�eTÔáý²\T (plane lateral surfaces) �+{²sTT.
� eTÖ&�T y�\TÔáý²\T |�sÁd�ÎsÁ+  ¿=+Ôá ¿ÃD+ #û�d
$<ó�+>± �+{²sTT.

|�³+ 7ýË #áÖ|¾q çÜuó�TÈ+ PQR, ÿ¿£ |�³¼¿£+ jîTT¿£Ø
çÜuó�TC²¿±sÁ �<ó�sÁ|�Ú n+#áTyî+�&� ̂ d¾q |�³+ (outline)qT
Ôî*jáTCñd�Tï+<�� uó²$<�Ý+. PQ nHû d�eTÔá\+�|Õ M _+<�TeÚ
e<�Ý ÿ¿£ ¿±+Ü¿ìsÁD+ |�ÔáqyîT®+<�� nqTÅ£�+<�+. M e<�Ý|�³+-7

P

Q R

\+�+

\+�+
i
1

i
2M

N

|�Ôáq ¿ìsÁD+
�V¾²sÁZÔá ¿ìsÁD+
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 at M as shown in fig.-7. Draw a perpendicular to the surface at M. It

becomes a normal to that surface. The angle between the incident ray and

normal is called angle of incidence (i
1
).  The ray is refracted at M. It

moves through prism and meets the other plane surface at N and finally

comes out of the prism. The ray which comes out of the surface PR at N is

called emergent ray. Draw a perpendicular to PR at point N. The angle

between the emergent ray and normal is called angle of emergence (i
2
).

The angle between the plane surfaces PQ and PR is called the angle of the

prism or refracting angle of prism A and the angle between the incident

ray and emergent ray is called angle of deviation(d).

Let us now take up an activity to study the refraction of light through a

triangular prism.

Aim: Finding the refractive index of a prism.

Material required: Prism, piece of white chart of size 20x20 cm, pencil,

pins, scale and protractor.

Procedure: Take a prism and place it on the white chart in such a way that

the triangular base of the prism is on the chart. Draw a line around the

prism (boundry) using a pencil. Remove the prism.

· What is the shape of the outline drawn?

It is a triangle. Name its vertices as P,Q, and R.[for many prisms the

triangle formed is equilateral]. The

refracting surfaces could be

rectangular in shape. Find the angle

between PQ and PR . This is the

angle of the prism (A).

Mark M on the side of triangle PQ

and also draw a perpendicular to PQ

at M. Place the centre of the

protractor at M and along the

normal. Mark an angle of  300 and

then draw a line up to M. This line

denotes the incident ray.  This angle

is called angle of incidence. Note it

in a table (1). Draw a small arrow

on it as shown in fig.- 8.

fig-8
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PQ Ôáý²�¿ì \+u²�� (normal) ^jáT+&�. |�Ôáq¿ìsÁD+ \+�+ÔÃ #û�d ¿ÃD²��
|�Ôáq¿ÃD+ (i

1
) n+{²+. |�Ôáq ¿ìsÁD+ M e<�Ý eç¿¡uó�eq+ #î+~, |�³¼¿£+ >·T+&�

ç|�jáÖDì+º eTsÃ d�eTÔá\+�|Õ>·\ »Nµ  _+<�TeÚqT #ûsÁTÔáT+~. ºesÁ>± |�³¼¿£+ qT+&�
�jáT³Å£� yîÞø�ï+~. PR Ôá\+�|Õ >·\ N _+<�TeÚ >·T+&� �jáT³Å£� e#ûÌ ¿ìsÁD²��
�V¾²sÁZÔá ¿ìsÁD+ ( emergent ray) n+{²+. PR Ôáý²�¿ì N e<�Ý ÿ¿£ \+u²�� ̂ jáT+&�.
\+u²�¿ì, �V¾²sÁZÔá ¿ìsÁD²�¿ì eT<ó�«¿ÃD²�� �V¾²sÁZÔá¿ÃD+ i

2
(angle of emergence)

n+{²+.  PQ , PR Ôáý²\ eT<ó�« ¿ÃD²�� |�³¼¿£¿ÃD+ A (angle of the prism) ýñ<�
|�³¼¿£ eç¿¡uó�eq¿ÃD+ (refracting angle of prism) n+{²+. |�Ôáq¿ìsÁD²�¿ì, �V¾²sÁZÔá
¿ìsÁD²�¿ì eT<ó�«¿ÃD²�� $#á\q ¿ÃD+ d (angle of deviation) n+{²+.

çÜuó�TC²¿±sÁ |�³¼¿£+ >·T+&� ¿±+Ü eç¿¡uó�eH��� ne>±V�²q #ûd�T¿Ã&��¿ì �|�ð&=¿£
¿£�Ôá«+ �sÁÇV¾²<�Ý+.

�<ûÝXø«+ : |�³¼¿£ eç¿¡uó�eq >·TD¿±�� ¿£qT>=q&�+
¿±e\d¾q ed�TïeÚ\T : |�³¼¿£+, Ôî\¢� ç&�sTT+>́ #�sY¼ (20x20 �d+.MT), �|�àýÙ,

>·T+&�Td�Ö<�T\T, �dØ\T eT]jáTT ¿ÃDeÖ�.
�sÁÇV�²D |�<�ÆÜ : ÿ¿£ |�³¼¿±�� rd�T¿=�, <�� çÜuó�TC²¿±sÁ �<ó�sÁ+ ç&�sTT+>́

#�sY¼�|Õ �+&û $<ó�+>± neTsÁÌ+&�. |�³¼¿£ �<ó�sÁ+ #áT³Ö¼ �|�àýÙÔÃ ̂ Ôá̂ d¾, |�³¼¿±��
rd¾yûjáT+&�.
· MTsÁT ^d¾q |�³¼¿£ �<ó�sÁ V�²<�TÝ (outline) @ �¿±sÁ+ýË �+~?

n~ ÿ¿£ çÜuó�TÈ+. � çÜuó�TÈ os�ü\Å£�
P,Q,R n� �|sÁT¢ �|³¼+&�. (kÍ<ó�sÁD+>±
�~ d�eT�V�Q çÜuó�TÈyîT® �+³T+~) |�³¼¿£
eç¿¡uó�eq Ôáý²\T BsÁé#áÔáTsÁçkÍ¿±sÁ+ýË
�+{²sTT. PQ , PR \ eT<ó�« ¿ÃD²��
¿=\e+&�. �~ |�³¼¿£ eç¿¡uó�eq ¿ÃD+
(A).

çÜuó�TÈ uó�TÈ+ PQ �|Õ ÿ¿£ _+<�TeÚ
M qT >·T]ï+#á+&�. M e<�Ý PQ Å£� \+u²��
^jáT+&�. ¿ÃDeÖ� ¹¿+ç<�+ M ÔÃ
@¿¡uó�$+#û³T¢>± \+�+ yî+³ ¿ÃDeÖ��
neTsÁÌ+&�. 300 ¿ÃD²�� >·T]ï+º, M esÁÅ£�
¹sKqT ^jáT+&�. � ¹sK |�Ôáq¿ìsÁD²��
d�Öºd�Tï+~. � ¿ÃD²�� |�Ôáq¿ÃD+
n+{²+. |�Ôáq¿ÃD+ $\TeqT |�{ì¼¿£̀ 1ýË
qyîÖ<�T #ûjáT+&�.  |�³+`8ýË #áÖ|¾q³T¢
|�Ôáq¿ìsÁD+�|Õ ÿ¿£ u²D+>·TsÁTï qT ̂ jáT+&�. |�³+-8

|�Ôáq¿ÃD+(i
1
) �V¾²sÁZÔá ¿ÃD+ (i

2
) $#á\q ¿ÃD+(d)

|�{ì¼¿£̀ 1
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i
1
=i

2

D

Angle of incidence i
1

A
n

g
le

 o
f 

d
ev

ia
ti

o
n
 d

Y

X

Place the prism in its position (triangle) again. Now fix two pins

vertically on the line at points A and B as shown in fig.- 8. Look for the

images of pins through the prism from the other side (PR) and fix another

two pins at points C and D in such a way that all the four pins appear to lie

along the same straight line. Do it carefully. Now remove the prism and

take out pins. Draw a line joining the two pin-holes formed by the pins to

meet surface ‘PR’, this is the emergent ray which ‘emerges from’ the surface

PR at a point ‘N’. The angle between the normal at N and the emergent ray

is the angle of emergence. Measure this angle and note its value in the

table (1).

Now join the points M and N by a straight line. The line passing through

the points A,B, M,N,C and D represents the path of light when it suffers

refraction through the prism.

· How do you find the angle of deviation?

Extend both incident and emergent rays till they meet at a point ‘O’.

Measure the angle between these two rays. This is the angle of deviation.

It is denoted by a letter ‘d’. Note it in table (1). Repeat this procedure for

various angles of incidence such as 400,500 etc. Find the corresponding

angles of deviation and angles of emergence and note them in table (1).

· What do you notice from the angles of deviation?

You will notice that the angle of deviation decreases first and then increases

with increase in the angle of incidence.

· Can you draw a graph between angle of

incidence and angle of deviation?

Take angle of incidence along X- axis and the

angle of deviation along Y- axis. Using a suitable

scale, mark points on a graph paper for every pair

of angles. Finally join the points to obtain a graph

(smooth curve). Check your graph with graph

shown in fig.- 9.

· From the graph, can you find the minimum of

the angles of deviation?

Yes we can. Draw a tangent line to the curve, parallel to X- axis, at the

lowest point of the graph. The point where this line cuts the Y- axis gives

the angle of minimum deviation. It is denoted by D. Draw a parallel line to

y-axis through the point where the tangent touches the graph. This line meets

x-axis at a point showing the angle of incidence  corresponding to the

minimum deviation. If you do the experiment with this angle of incidence

you will get an angle of emergence equal to the angle of incidence.
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|�³¼¿±�� Ü]Ð <�� kÍ�q+ (çÜuó�TÈ+)ýË �+#á+&�. |�³¼+`8ýË #áÖ|¾q³T¢ |�Ôáq
¿ìsÁD+�|Õ A,B _+<�TeÚ\ e<�Ý Âs+&�T >·T+&�T d�Ö<�T\qT �\TeÚ>± >·T#áÌ+&�. |�³¼¿£+
Âs+&ÃyîÕ|�Ú (PR Ôá\+yîÕ|�Ú) qT+&� >·T+&�Td�Ö<�T\ ç|�Ü_+u²\qT #áÖ&�+&�. �|�ð&�T �
Âs+&�T >·T+&�Td�Ö<�T\ ç|�Ü_+u²\ÔÃ ÿ¹¿ d�sÁÞø¹sKýË ¿£�|¾+#û $<ó�+>±  C,D _+<�TeÚ\
e<�Ý eTsÃ Âs+&�T >·T+&�T d�Ö<�T\qT >·T#áÌ+&�. �|�ð&�T |�³¼¿±��, >·T+&�Td�Ö<�T\qT
rd¾yûjáT+&�. Âs+&�ekÍ] >·TºÌq Âs+&�T >·T+&�Td�Ö<�T\ >·TsÁTï\qT (sÁ+ç<ó�\qT) ¿£\T|�ÚÔáÖ
PR Ôáý²�� Ô�¹¿esÁÅ£� ÿ¿£ ¹sKqT ̂ jáT+&�. � ¹sK PR Ôá\+�|Õ>·\ N _+<�TeÚ >·T+&�
e#ûÌ �V¾²sÁZÔá ¿ìsÁD²�� Ôî\T|�ÚÔáT+~. N e<�Ý ^d¾q \+�+ÔÃ, �V¾²sÁZÔá ¿ìsÁD+ #û�d
¿ÃD+ �V¾²sÁZÔá¿ÃD+ neÚÔáT+~. � ¿ÃD²�� ¿=*º |�{ì¼¿£̀ 1 ýË qyîÖ<�T #ûjáT+&�.

M , N _+<�TeÚ\qT ¿£\T|�ÚÔáÖ ÿ¿£ d�sÁÞø¹sKqT ^jáT+&�. A,B, M,N,C eT]jáTT
D \ >·T+&� bþjûT¹sK, |�³¼¿£+ >·T+&� ç|�jáÖDì+º eç¿¡uó�eq+ bõ+~q ¿±+Ü eÖs�Z��
Ôî\T|�ÚÔáT+~.
· $#á\q ¿ÃD²�� mý² ¿£qT>=+{²+?

|�Ôáq, �V¾²sÁZÔá ¿ìsÁD²\qT O _+<�TeÚ e<�Ý ¿£\Td�TÅ£�Hû esÁÅ£� bõ&�Ð+#á+&�. �
Âs+&�T ¿ìsÁD²\ eT<ó�« ¿ÃD²�� ¿=\e+&�. � ¿ÃD²�� $#á\q ¿ÃD+ (d) n+{²+.
$#á\q¿ÃD+ $\TeqT |�{ì¼¿£̀ 1ýË qyîÖ<�T #ûjáT+&�. 400, 500 yîTT<�\>·T |�Ôáq
¿ÃD²\ÔÃ � ç|�jîÖ>±�� eTsÁý² #ûjáT+&�. �jáÖ |�Ôáq¿ÃD²\Å£� d�+�+~ó+ºq
�V¾²sÁZÔá¿ÃD²\T, $#á\q ¿ÃD²\qT ¿£qT>=q+&�. |�{ì¼¿£̀ 1ýË qyîÖ<�T #ûjáT+&�.
· $$<ó� $#á\q ¿ÃD²\qT |�]o*+º MTsÁT @+ Ôî\Td�TÅ£�H��sÁT?

|�Ôáq¿ÃD+ �|sÁT>·TÔáTq� ¿=\B ¿=+ÔáyûTsÁ $#á\q¿ÃD+ $\Te ÔáÐZ Ôás�ÇÔá
|�Ôáq¿ÃD+ÔÃ bÍ³T>± �|sÁ>·&�+ >·T]ï+º �+{²sÁT ¿£<�!
· |�Ôáq, $#á\q ¿ÃD²\ $\Te\ÔÃ ç>±|�t ^jáT>·\s�?

|�Ôáq¿ÃD²�� X`n¿£�+yî+³, $#á\q ¿ÃD²�� Y`n¿£�+
yî+³ rd�T¿Ã+&�. ÔáÐq �dØ\TqT �sÁ�sTT+#áT¿=� ç|�Ü
|�Ôáq¿ÃD²�¿ì d�+�+~ó+ºq $#á\q ¿ÃD+ÔÃ ç>±|�t �||�sY�|Õ
_+<�TeÚ\qT >·T]ï+#á+&�. n�� _+<�TeÚ\qT ¿£*|¾Ôû ç>±|�t
(d�T��Ôá eç¿£+) @sÁÎ&�TÔáT+~. MT ç>±|�tqT |�³+`9ýË #áÖ|¾q
ç>±|�tÔÃ bþ*Ì#áÖd�T¿Ã+&�.
· ç>±|� t <�Çs� $#á\q¿ÃD²\ýË ¿£�w� ¼ $\TeqT
#î|�Î>·\s�?

X-n¿�±�¿ì d�eÖ+ÔásÁ+>±, ç>±|�t ¿ì+~ uó²>±�� Ôî*jáTCñ�d
_+<�TeÚ e<�Ý ÿ¿£ d�ÎsÁô¹sKqT ^jáT+&�. � d�ÎsÁô¹sK Y- n¿�±�� Ô�¹¿ _+<�TeÚ $\Te
¿£�w�¼ $#á\q ¿ÃD²�� Ôî\T|�ÚÔáT+~. B�� D ÔÃ d�ÖºkÍï+. d�ÎsÁô¹sK ç>±|�tqT Ô�¹¿
_+<�TeÚ >·T+&� Y-n¿�±�¿ì d�eÖ+ÔásÁ+>± ÿ¿£ ¹sKqT ̂ jáT+&�. � ¹sK X-n¿�±�� Ô�¹¿
_+<�TeÚ $\Te ¿£�w�¼ $#á\q ¿ÃD²�¿ì d�+�+~ó+ºq |�Ôáq¿ÃD²�� Ôî*jáTCñd�Tï+~. �
|�Ôáq¿ÃD+ÔÃ MTsÁT �|Õ ç|�jîÖ>±�� #û�dï �V¾²sÁZÔá ¿ÃD+ $\Te |�Ôáq¿ÃD²�¿ì d�eÖq+>±
�+&�&��� >·T]ï+#áe#áTÌ.
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Look at your table (1).

· Is there any relation between the angle of incidence, angle of

emergence and angle of deviation?

· Can you find refractive index of a prism? If yes, how?

Let us find out.

5.4.2  Derivation of formula for refractive index of a prism

Observe the ray diagram in the fig.- 10(a).

From triangle OMN, we get

d = i
1
- r

1
 + i

2
 – r

2

d = (i
1
+i

2
) – (r

1
+r

2
) ––—— (1)

From triangle PMN, we have

 A + (900-r
1
) + (900-r

2
) = 1800

By simplification, we get

 r
1
 + r

2
 = A ———(2)

From (1) and (2), we have

d = (i
1
+i

2
) – A

A+d = i
1
+i

2
––——(3)

This is the relation between angle of incidence, angle of emergence,

angle of deviation and angle of prism.

From Snell’s law, we know that n
1
 sin i = n

2
 sin r

Let n be the refractive index of the

prism.

Using  Snell’s law at M, with

refractive index of air

n
1
 =1;  i = i

1
 ;  n

2
 = n ;   r = r

1
 , gives

sin i
1
 = n sin r

1
———(4)

similarly, at N with  n
1
 = n ;  i = r

2
 ;

n
2
 = 1 ;   r = i

2
 , gives

n Sin r
2
 = Sin i

2
———(5)

We know that at the angle of minimum deviation (D), the angle of

incidence is equal to the angle of emergence i.e., i
1
 = i

2
.
 
Observe fig.-

10(b). You will note that MN is parallel to the side QR, actually ray MN is

parallel to the base of the prism. (See fig.- 10(b)).

fig-10(a)
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P
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|�{ì¼¿£̀ 1� |�]o*+#á+&�.
· |�Ôáq¿ÃD+, �V¾²sÁZÔá¿ÃD+ eT]jáTT $#á\q¿ÃD²\ eT<ó�« @<îÕH� d�+�+<ó�+

�+<�?
· |�³¼¿£ eç¿¡uó�eq >·TD¿±�� MTsÁT ¿£qT>=q>·\s�? mý²?

Ôî\Td�TÅ£�+<�+.

5.4.2  |�³¼¿£ eç¿¡uó�eq>·TD¿£ d�ÖçÔ��� �Ô�Î~+#áT³
|�³+ 10(m)  ýË �eÇ�&�q ¿ ìs ÁD ºçÔ���
|�]o*+#á+&�.
çÜuó�TÈ+ OMN qT+&�,
d = i

1
- r

1
 + i

2
 – r

2 
n� #î|�Îe#áTÌ.

d = (i
1
+i

2
) – (r

1
+r

2
) ....................(1)

çÜuó�TÈ+ PMN qT+&�,
 A + (900-r

1
) + (900-r

2
) = 1800 n� #î|�Îe#áTÌ.

�|Õ d�MT¿£sÁD²�� kÍ~ó+#á>±,
 r

1
 + r

2
 = A .......(2)

(1), (2) d�MT¿£sÁD²\ qT+&�,d = (i
1
+i

2
) – A

 A+d = i
1
+i

2
....................(3)

|�Ôáq¿ÃD+, �V¾²sÁZÔá¿ÃD+, $#á\q¿ÃD+ eT]jáTT |�³¼¼¿£¿ÃD²\ eT<ó�« d�+�+<ó���
d�MT¿£sÁD+ (3)  Ôî*jáTCñd�Tï+~.

�d�ýÙ �jáTeT+ ç|�¿±sÁ+ n
1
 sin i = n

2
 sin r n� eTqÅ£� Ôî\Td�T.

|�³¼¿£ eç¿¡uó�eq >·TD¿£+ n nqTÅ£�+<�+.
 M _+<�TeÚ e<�Ý, >±* eç¿¡uó�eq >·TD¿£+ n

1
 =1, |�³¼¿£ eç¿¡uó�eq >·TD¿£+ n

2
 = n,

  |�Ôáq ¿ÃD+ i  =  i
1
, eç¿¡uó�eq ¿ÃD+ r  =  r

1
, �d�ýÙ �jáTeT+ýË �|Õ $\Te\qT

ç|�Ü¹¿�|¾+#á>±
sin i

1
 = n sin r

1
....................(4)

n<û$<ó�+>± N _+<�TeÚ e<�Ý, |�³¼¿£ eç¿¡uó�eq >·TD¿£+ n
1
 =n, >±* eç¿¡uó�eq >·TD¿£+

n
2
 = 1, |�Ôáq ¿ÃD+ i = r

2
, eç¿¡uó�eq ¿ÃD+ r = i

2
,

�d�ýÙ �jáTeT+ýË  �|Õ $\Te\qT ç|�Ü¹¿�|¾+#á>±
n Sin r

2
 = Sin i

2
....................(5)

¿£�w�¼ $#á\q ¿ÃD+ (D) e<�Ý |�Ôáq, �V¾²sÁZÔá¿ÃD²\
$\Te\T d�eÖqeT� eTqÅ£� Ôî\Td�T. nq>± i

1
 = i

2 
.

|�³+ 10 (_)� |�]o*�dï MN, QR Å£� d�eÖ+ÔásÁ+>±
�+<��  Ôî\Td�Tï+~. (�C²�¿ì MN ¿ìsÁD+ |�³¼¿£
�<ó�s��¿ì d�eÖ+ÔásÁ+>± �+³T+~)

|�³+-10(m) R

P

i
1

i
2M
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d
O

Q

r
1

r
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P
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When i
1
 = i

2
, angle of deviation (d) becomes angle of minimum deviation

(D).

Then equation (3) becomes

  A+D  = 2i
1

or   i
1
 = 

( )A+D

2

When i
1
 = i

2 
then, it is clear that r

1
 = r

2

So from equation (2) we get,

2r
1
 = A

or  r
1
 = 

A

2
Substituting i

1
 and r

1
 in (4) we get

  Sin
( )A+D

2

ì ü
í ý
î þ

 = n. Sin
A

2

æ ö
ç ÷
è ø

Therefore,  n = 

A+D
sin

2
n

A
sin

2

ì ü
í ý
î þ=

æ ö
ç ÷
è ø

 —(6)

This is the formula for the refractive index of the prism.

Example  2

A prism with an angle A = 600 produces an angle of minimum deviation

of 300. Find the refractive index of material of the prism.

Solution: Given that A = 600 and D = 300.

Using

0

0

90A+D
sinsin

22
n

A 60
sin sin

2 2

ì üì ü í ýí ý
î þ î þ= =

æ ö æ ö
ç ÷ ç ÷è ø è ø

  = 
0

0

1

sin 45 2
1sin 30

2

= = 2

      _ n = 2

thus, the refractive index of the given prism = 2

Activity  3

Do this activity in the dark room. Take a prism and place it on the table

near a vertical white wall. Take a thin wooden plank. Make a small hole in

it and fix it vertically on the table. Place the prism between the wooden
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i
1
 = i

2 
nsTTq|�ð&�T $#á\q¿ÃD+ (d) ¿£�w�¼ $#á\q¿ÃD+ (D) neÚÔáT+~.

n|�ð&�T d�MT¿£sÁD+ (3) ç|�¿±sÁ+

 A+D  = 2i
1
 a  

1

(A+D)
i =

2

i
1
 = i

2  
nsTTq|�ð&�T r

1
 = r

2 
neÚÔáT+~. n|�ð&�T d�MT¿£sÁD+ (2) ç|�¿±sÁ+

2r
1
 = A  a 1

A
r =

2

i
1
 , r

1 
$\Te\qT d�MT¿£sÁD+ (4)ýË ç|�Ü¹¿�|¾+#á>±,

A+D A
sin n.sin

2 2

ì ü æ ö=í ý ç ÷
î þ è ø

a 

A+D
sin

2
n

A
sin

2

ì ü
í ý
î þ=

æ ö
ç ÷
è ø

 ................(6)

�|Õ d�MT¿£sÁDyûT |�³¼¿£ eç¿¡uó�eq >·TD¿£ d�ÖçÔá+.

�<�V�²sÁD 2
600\ |�³¼¿£¿ÃD+ (A) >·\ |�³¼¿£+ jîTT¿£Ø ¿£�w�¼ $#á\q ¿ÃD+ (D) 300. nsTTq,

|�³¼¿£+ ÔájáÖ¯¿ì $�jîÖÐ+ºq |�<�sÁ� eç¿¡uó�eq >·TD¿±�� ¿£qT>=q+&�.
kÍ<ó�q : A = 600 , D = 300.

0

0

90A+D
sinsin

22
n

A 60
sin sin

2 2

ì üì ü í ýí ý
î þ î þ= =

æ ö æ ö
ç ÷ ç ÷è ø è ø

  = 
0

0

1

sin 45 2
1sin 30

2

= = 2

n = 2

|�³¼¿£ ÔájáÖ¯¿ì $�jîÖÐ+ºq |�<�sÁ� eç¿¡uó�eq >·TD¿£+ = 2

�|�ð&�T |�³¼¿£+ÔÃ ÿ¿£ ºq� ¿£�Ôá«+ �sÁÇV¾²<�Ý+.

¿£�Ôá«+  3
� ¿£�Ô�«�� N¿£{ì >·~ýË (yî\T>·T ÔáÅ£�Øe>± �q�>·~ýË) �sÁÇV¾²+#á+&�. Ôî\¢�

>Ã&�Å£� <�>·ZsÁ>± ÿ¿£ fñ�TýÙqT �+#á+&�. ÿ¿£ ¿±sY¦uËsY¦ wÓ{ÙÅ£� eT<ó�«ýË d�q�� sÁ+ç<�+
#ûd¾, <��� fñ�TýÙ �|Õ �\TeÚ>± neTsÁÌ+&�. ¿±sY¦uËsY¦Å£�, >Ã&�Å£� eT<ó�«ýË ÿ¿£ |�³¼¿±��

¿£�Ôá«+  3
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fig-11
Metal

tray

Water

White
light

Mirror

Dispersed light

fig-12

Red
Orange
Yellow
Green
Blue
Indigo
Violet

plank and wall.  Place a white light source behind the hole of the  wooden

plank. Switch on the light. The rays coming out of the hole of plank become

a narrow beam of light. Adjust the height of the prism such that the light

falls on one of the lateral surfaces. Observe the changes in emerged rays

of the prism. Adjust the prism by slightly rotating it till you get an image

on the wall.

· What do you observe on the wall?

· Could you get a coloured image on the wall?

· Why does white light split into colours?

· What colours do you see?

· Can you notice any change in the angle of deviation of each colour?

· Which colour has the minimum deviation?

Let us do another activity.

Activity  4

Take a metal tray and fill it with water.

Place a mirror in the water such that it makes an

angle to the water surface. Now focus white light on

the mirror through the water as shown in fig.- 11.

Try to obtain colours on a white card board sheet

kept above the water surface. Note the names of

the colours you could see in your book.

In activity (3) and (4), we observe that white light is

splitting into certain different colours.

· Is this splitting of white light into colours

explained by using ray theory?

It is not possible to explain the splitting of white light into different

colours using ray theory.

·  Why is this so?

Let us see

5.4.3 Dispersion of Light
In activity 3, we observe that the

angle of deviation is minimum for red

as compared to the angles of deviation

of other colours and maximum for

violet.

The splitting of white light into

different colours (VIBGYOR) is called

dispersion.

In our previous discussion, we learnt that for a particular refractive

index of prism there must be only one angle of minimum deviation and
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|�³+-11ýËV�²|�Ú çfñ

úsÁT

Ôî\¢� ¿±+Ü

d�eTÔá\
<�sÁÎq+

$¹¿�|�D ¿±+Ü

�+#á+&�. Ôî\T|�ÚsÁ+>·T ¿±+Ü�#ûÌ ¿±+ÜÈq¿±�� ¿±sY¦uËsY¦Å£� <�>·ZsÁ>± �+º, <��
sÁ+ç<ó�+ >·T+&� ¿±+Ü� ç|�d�]+|�CñjáT+&�. sÁ+ç<ó�+ qT+&� yî\Te&û ¿±+Ü d�q�� ¿±+Ü
|�Ú+C²�� Ôá\|¾d�Tï+~. � ¿±+Ü |�³¼¿£+ jîTT¿£Ø @<Ãÿ¿£ BsÁé#áÔáTsÁçkÍ¿±sÁ Ôá\+�|Õ |�&û
$<ó�+>±, |�³¼¿±�� |�³T¼¿Ã+&�. |�{¼¿£ �V¾²sÁZÔá ¿ìsÁD²\ýË e#ûÌ eÖsÁTÎ\qT >·eT�+#á+&�.
|�³¼¿±�� yîT\¢>± Ü|�ðÔáÖ >Ã&�MT<�  ç|�Ü_+u+ @sÁÎ&û$<ó�+>± #ûjáT+&�.
· >Ã&��|Õ MTsÁT @+ >·eT�+#�sÁT?
· >Ã&��|Õ sÁ+>·T\ ç|�Ü_+�+ @sÁÎ&�+<�?
· Ôî\¢� ¿±+Ü sÁ+>·T\T>± m+<�TÅ£� $&�bþsTT+~?
· @@ sÁ+>·T\qT MTsÁT #áÖXæsÁT?
· $$<ó� sÁ+>·T\ $#á\q ¿ÃD+ýË @<îÕH� eÖsÁTÎqT >·eT�+#�s�?
· @ sÁ+>·T ÔáÅ£�Øe $#á\H��� bõ+~+~?

�|�ð&�T eTs=¿£ ç|�jîÖ>·+ #û<�Ý+.

¿£�Ôá«+   4
ÿ¿£ ýËV�²|�Ú |�Þ²ß�� (çfñ) rd�T¿=�, <��� ú{ìÔÃ �+|�+&�.

ú{ì �|�]Ôá\+ÔÃ ¿=+Ôá¿ÃD+ #û�d $<ó�+>± ú{ìýË ÿ¿£ d�eTÔá\
<�sÁÎD²�� (n<�Ý��) �+#á+&�. |�³+`11ýË #áÖ|¾q³T¢ ú{ì
>·T+&� n<�Ý+�|Õ Ôî\¢� ¿±+Ü� ç|�d�]+|�CñjáT+&�. � neT]¿£Å£�
¿=+Ôá mÔáTïýË Ôî\¢{ì ¿±sY¦uËsY¦qT �+º sÁ+>·T\ ç|�Ü_+u²��
bõ+<û ç|�jáTÔá�+ #ûjáT+&�. MTsÁT #áÖd¾q sÁ+>·T\ �|sÁ¢qT MT
HÃ{Ù�T¿ùýË s�jáT+&�.

(3), (4) ¿£�Ô�«\ýË Ôî\¢� ¿±+Ü ¿=�� ç|�Ôû«¿£yîT®q
sÁ+>·T\T>± $&�bþe&�+ >·eT�+#�+.
· Ôî\¢� ¿±+Ü sÁ+>·T\T>± $&�bþe&��� ¿ìsÁD d¾<�Æ+Ôá+ÔÃ $e]+#á>·\eÖ?

Ôî\¢� ¿±+Ü sÁ+>·T\T>± $&�bþe&��� ¿ìsÁD d¾<�Æ+Ôá+ÔÃ $e]+#áýñeTT.
· m+<�Te\q?

Ôî\Td�TÅ£�+<�+.

5.4.3 ¿±+Ü $¹¿�|�D+
¿£�Ôá«+`3ýË, $$<ó� sÁ+>·T\ÔÃ bþ*Ì #áÖd¾q|�ð&�T

msÁT|�ÚsÁ+>·T $#á\q+ ÔáÅ£�Øe>±qÖ,}<�sÁ+>·T (Violet)
$#á\q+ mÅ£�Øe>±qÖ �+&�³+ >·eT�+#áe#áTÌ.

Ôî\¢� ¿±+Ü $$<ó� sÁ+>·T\T (VIBGYOR) >±
$&�bþe&��� ¿±+Ü$¹¿�|�D+ n+{²+.

�+ÔáÅ£�eTT+<�T ¿£�Ô�«\ýË, ÿ¿£ �]Ýw� ¼ eç¿¡uó �eq >·TD¿£+>·\ |�³¼¿±�¿ì
¿£�w� ¼ $#á\q ¿ÃD+ d¾ �s Á+>± �+³T+<�� HûsÁTÌÅ£�H��+. ný²¹>

|�³+-12
>±E |�³¼¿£+Ôî\¢� ¿±+Ü

msÁT|�Ú
H�]+È
|�d�T|�Ú
�Å£�|�#áÌ
ú\+
eTT<�TsÁT ú\+
}<�

¿£�Ôá«+  4
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according to Fermat’s principle, light ray always chooses the path of least

time. But in activity-3,we noticed that light has choosen different paths.

· Does this mean that the refractive index of the prism varies from colour

to colour?

· Is the speed of light of each colour different?

The situation we witnessed in activities (3) and (4) rule out ray theory

of light. We can consider that white light is a collection of waves with

different wavelengths. Violet colour is known to have the shortest

wavelength while red is of the longest wavelength.

According to wave theory, light can be thought of a wave propagating in all

directions. Light is an electromagnetic wave. Here no particle physically

oscillates back and forth. Instead, the magnitude of electric and magnetic

fields, associated with the electromagnetic wave, vary periodically at every

point. These oscillating electric and magnetic fields propagate in all

directions with the speed of light.

· Can you guess now, why light splits into different colours when it

passes through a prism?

The reason lies in the fact that, while the speed of light is constant in

vacuum for all colours, it depends on the wavelength of light when it passes

through a medium. We know that refractive index is the ratio of speeds in

vacuum and in the medium. Consequently, the refractive index of a medium

depends on wavelength of light. When white light passes through a medium,

each colour selects its least time path and we have refraction of different

colours to different extents. This results in separation of colours, producing

a spectrum on the wall and in the mirror as we saw in activities (3) and (4).

It has been experimentally found that refractive index decreases with an

increase in wavelength. If we compare the wave lengths of seven colours

in VIBGYOR, red colour has longest wavelength and violet colour has

shortest wavelength. The refractive index of red is low hence it suffers

low deviation.

We noticed that when white light passes through a prism, it splits into

seven colours. Let us assume that you have sent a single colour ray through

the prism.

· Does it split into more colours? Why?

We know that the frequency of light is the property of the source and

it is equal to number of waves leaving the source per second. This cannot

be changed by any medium. Hence frequency doesn’t change due to

refraction. Thus coloured light passing through any transparent medium

retains its colour.
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�|�s��{Ù d�ÖçÔá+ ç|�¿±sÁ+ ¿±+Ü ¿ìsÁD+ m\¢|�ð&�Ö ÔáÅ£�Øe d�eTjáT+ |�fñ¼ eÖs�ZHû�
mqT�Å£�+³T+~. ¿±ú ¿£�Ôá«+`3ýË ¿±+Ü $$<ó� eÖs�Z\ >·T+&� ç|�jáÖDì+º+<��
Ôî\Td�Tï+~.
· B�� �{ì¼ |�³¼¿£ eç¿¡uó�eq >·TD¿£+ $$<ó� sÁ+>·T\qT �{ì¼ eÖsÁTÔáT+<�� uó²$<�ÝeÖ?
· $$<ó� sÁ+>·T\T >·\ ¿±+ÔáT\ yû>±\T yû¹sÇsÁT>± �+{²jáÖ?

(3), (4) ¿£�Ô�«\ýË eTq+ #áÖd¾q d�+<�s�ÒÛ\T ¿±+Ü ¿ìsÁD d¾<�Æ+Ô���
ÔÃd¾|�Ú#áTÌÔ�sTT. ¿±�{ì¼ Ôî\¢� ¿±+Ü� $$<ó� ÔásÁ+>·<îÕs�é«\T (wavelengths) >·\
ÔásÁ+>±\ d�eTT<�jáT+>± uó²$+#áe#áTÌ. M{ìýË }<�sÁ+>·T ¿±+Ü ÔásÁ+>·<îÕs Á é «+ (l

v
)

ÔáÅ£�Øe. msÁT|�ÚsÁ+>·T ¿±+Ü ÔásÁ+>·<îÕs Á é «+ (l
R
) mÅ£�Øe.

ÔásÁ+>· d¾<�Æ+Ôá+ ç|�¿±sÁ+, ¿±+Ü� n�� ~Xø\ýË ç|�jáÖDì+#û ÔásÁ+>·+>±
uó²$+#áe#áTÌ. ¿±+Ü ÿ¿£ $<�T«<�jáTkÍØ+Ôá ÔásÁ+>·+(Electro magnetic wave). B�ýË
@ ¿£DeTÖ uó�Ü¿£+>± yîqT¿£Å£�, eTT+<�TÅ£� &Ã\H�\T #ûjáT<�T. ¿±ú $<�T«<�jáTkÍØ+Ôá
ÔásÁ+>·+ÔÃ nqTd�+<ó�q+ #î+~q $<�T«ÔY, njáTkÍØ+Ôá ¹¿�çÔ�\ |�]eÖD²\T ÔásÁ+>·+ýË�
ç|�Ü _+<�TeÚe<�Ý �e]ïÔáeTeÚÔ�sTT. (vary periodically). � $<ó�+>± &Ã\H�\T #û�d
$<�T«ÔY, njáTkÍØ+Ôá ¹¿�çÔ�\T (oscillating electric, magnetic fields) ¿±+Ü yû>·+ÔÃ
n�� ~Xø\ýË ç|�jáÖDìkÍïsTT.
· |�³¼¿£+ >·T+&� Ôî\T|�ÚsÁ+>·T ¿±+Ü� |�+|¾Ôû n~ $$<ó� sÁ+>·T\T>± m+<�TÅ£�

$&�bþÔáT+<Ã �|�ð&�T MTsÁT }V¾²+#á>·\s�?
n�� sÁ+>·T\ ¿±+Ü yû>±\T XøSq«+ýË ÿ¹¿ $<ó�+>± �q�|�Î{ì¿¡, ÿ¿£ jáÖq¿£+ýË

ç|�jáÖDì+#û³|�ð&�T ¿±+Üyû>·+ <�� ÔásÁ+>·<îÕs Á é «+�|Õ �<ó�sÁ|�&�TÔáT+~. n+<�Te\¢ ¿±+Ü
$$<ó� sÁ+>·T\T>± $&�bþÔáT+~. eç¿¡uó�eq >·TD¿£+ nHû~ XøSq«+ýË, jáÖq¿£+ýË
¿±+Üyû>±\ �w�ÎÜï n� eTqÅ£� Ôî\Td�T. B�� �{ì¼ jáÖq¿£ eç¿¡uó�eq >·TD¿£+ ¿±+Ü
ÔásÁ+>·<îÕs Á é «+�|Õ �<ó�sÁ|�&�TÔáT+<�� #î|�Îe#áTÌ. Ôî\¢� ¿±+Ü ÿ¿£ jáÖq¿£+ >·T+&�
ç|�jáÖDì+ºq|�ð&�T, n+<�TýË� ç|�ÜsÁ+>·Ö <��¿ì ÔáÅ£�Øe d�eTjáT+ |�fñ¼ eÖs�Z��
m+#áTÅ£�+³T+~. n+<�Te\¢ $$<ó� sÁ+>·T\ eç¿¡uó�eq+ $$<ó� $#á\H�\ÔÃ �+³T+~.
|��*Ôá+>± Ôî\¢� ¿±+ÜýË� sÁ+>·T\T yûsÁT#ûjáT�&� 3,4 ¿£�Ô�«\ýË #áÖd¾q³T¢ >Ã&�MT<�,
n<�Ý+ýË esÁ�|�³+ (spectrum) @sÁÎ&�TÔáT+~. ÔásÁ+>·<îÕs Á é «+ �|]ÐÔû eç¿¡uó�eq >·TD¿£+
Ôá>·TZÔáT+<�� ç|�jîÖ>±Ôá�¿£+>± �TTEeÚ #ûjáT�&�+~. VIBGYOR ýË� @&�T sÁ+>·T\
ÔásÁ+>·<îÕs�é «\qT bþ*Ì#áÖ�dï msÁT|�ÚsÁ+>·T¿±+Ü ÔásÁ+>·<îÕs Á é «+ mÅ£�Øe, }<�sÁ+>·T
ÔásÁ+>·<îÕs Á é «+ ÔáÅ£�Øe. n+fñ msÁT|�Ú sÁ+>·T eç¿¡uó�eq >·TD¿£+ ÔáÅ£�Øe. n+<�Te\¢ n~
ÔáÅ£�Øe $#á\H��� bõ+<�TÔáT+~.

|�³¼¿£+ >·T+&� Ôî\T|�Ú sÁ+>·T ¿±+Ü� |�+|¾�dï @&�T sÁ+>·T\T>± $&�bþÔáT+<��
eTqÅ£� Ôî\Td�T. |�³¼¿£+ >·T+&� ÿ¹¿ sÁ+>·T>·\ ¿±+Ü� |�+|¾+#�eTqTÅ£�+<�+.
· n~ eT]¿=�� sÁ+>·T\T>± $&�bþÔáT+<�? m+<�TÅ£�?

¿±+ÜÈq¿£+ ÿ¿£ �d¿£qTÅ£� $&�T<�\#û�d ¿±+Ü ÔásÁ+>±\ d�+K«qT båq:|�Úq«+
(frequency) n+{²+. ¿±+Ü båq:|�Úq«+ nHû~ ¿±+ÜÈq¿£+ jîTT¿£Ø \¿£�DeT� eTqÅ£�
Ôî\Td�T. �~ @ jáÖq¿£+ e\q Å£L&� eÖsÁ<�T. nq>± eç¿¡uó�eq+ýË Å£L&� båq:|�Úq«+
eÖsÁ<�T. n+<�Te\¢ bÍsÁ<�sÁô¿£ |�<�sÁ�+ >·T+&� ç|�jáÖDì+#û »sÁ+>·T¿±+Üµ jîTT¿£Ø sÁ+>·T
eÖsÁ<�T.
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fig-13

Sun light Water drop

Red
Violet

42o

40o

When refraction occurs at the interface, the number of waves that are

incident on the interface in a second must be equal to the number of waves

passing through any point taken in another medium. This means that the

frequency of the light wave remains unaltered while its wavelength changes

depending on the medium through which it passes. We know that the relation

among the speed of wave (v), wavelength ( l) and frequency (u) is.

  v = u l (frequency denoted by u)

For refraction at any interface, v is proportional to l. Speed of the

wave increases with increase in wavelength of light and vice versa.

· Can you give an example in nature, where you observe colours as seen

in activity 3?

Your answer certainly is a rainbow. That is a good example of dispersion

of light.

· When do you see a rainbow in the sky?

· Can we create a rainbow artificially?

Let us see how.

Activity 5

Select a white coloured wall on which the sun rays fall. Stand in front

of a wall in such a way that the sun rays fall on your back. Hold a tube

through which water is flowing. Place your finger in the tube to obstruct

the flow of water. Water comes out through the small gaps between the

tube and your finger like a fountain.  Observe the changes on the wall

while the water shower is maintained; you can see colours on the wall.

· How is that you are able to see colours on the wall?

· Are the sun rays coming back to your eyes from the wall or from

water drops?

Let us find out.

The beautiful colours of the

rainbow are due to dispersion of the

sunlight by millions of tiny water

droplets. Let us consider the case of

an individual water drop.

Observe fig.- 13. The rays of

sunlight enter the drop near its top

surface. At this first refraction,

the white light is dispersed into

its spectrum of colours,
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|�³+-13

d�ÖsÁ« ¿±+Ü
ú{ì _+<�TeÚ

msÁT|�Ú}<�sÁ+>·T

42o

40o

jáÖq¿±\qT yûsÁT#û�d Ôá\+ e<�Ý eç¿¡uó�eq+ d�+uó�$+ºq|�Ú&�T, ÿ¿£ �d¿£H� ¿±\+ýË
� Ôá\+�|Õ |�ÔáqeTjûT« ÔásÁ+>±\ d�+K«, Âs+&Ã jáÖq¿£+ýË� @ _+<�TeÚ >·T+&�
ç|�jáÖDì+#û ÔásÁ+>±\ d�+K«Â¿ÕH� d�eÖq+>± �+³T+~. n+fñ ¿±+Ü ÿ¿£ jáÖq¿£+
>·T+&� ç|�jáÖDì+#û³|�ð&�T, jáÖq¿±�� �{ì¼ ¿±+Ü ÔásÁ+>·<îÕsÁé «+ eÖsÁTÔáTH�� Å£L&�
¿±+Ü båq'|�Úq«+ eÖçÔá+ eÖsÁ<�T. ¿±+Ü ÔásÁ+>·yû>·+ (v), ÔásÁ+>·<îÕsÁé «+ (l), båq:|�Úq«+
(u) \ eT<ó�« d�+�+<ó�+ eTqÅ£� Ôî\Td�T.

                  v = ul   (båq'|�ÚH�«�� (u)ÔÃ Å£L&� d�ÖºkÍïsÁT.)
jáÖq¿±\qT yûsÁT#û�d @Ôá\+ e<�Ý eç¿¡uó�eq+ È]ÐH�, ¿±+Üyû>·+ v, ÔásÁ+>·<îÕsÁé «+

l Å£� nqTýËeÖqT bÍÔá+ýË �+³T+~. n+fñ ÔásÁ+>·<îÕsÁé «+ �|]ÐÔû ¿±+Üyû>·+
�|sÁT>·TÔáT+~, ÔásÁ+>·<îÕsÁé «+ ÔáÐZÔû ¿±+Üyû>·+ Ôá>·TZÔáT+~.
· ¿£�Ôá«+`3ýË #áÖd¾q³T¢ ç|�¿£�ÜýË MTsÁT sÁ+>·T\T #áÖ&�>·*¹> d�+<�s�ÒÛ�¿ì ÿ¿£

�<�V�²sÁD �eÇ>·\s�?
MT d�eÖ<ó�q+ �+ç<�<ó�qTd�Tà ¿±e#áTÌ. �+ç<�<ó�qd�Tà nHû~ ¿±+Ü $¹¿�|�D²�¿ì

eT+º �<�V�²sÁD.
· �¿±Xø+ýË �+ç<�<ó�qd�TàqT MTsÁT m|�ð&�T #áÖkÍïsÁT?
· eTq+ �+ç<�<ó�qd�TàqT ¿£�çÜeT+>± @sÁÎsÁ#á>·\eÖ?

Ôî\Td�TÅ£�+<�+.

¿£�Ôá«+   5

ÿ¿£ Ôî\¢� >Ã&�qT m+#áT¿Ã+&�. <���|Õ d�ÖsÁ«¿±+Ü |�&�TÔáT+&�*. >Ã&�Å£�
n_óeTTU+>± (d�ÖsÁ«¿±+Ü MT M|�Ú�|Õ |�&û $<ó�+>±) �\T#Ã+&�. úsÁT ç|�eV¾²+#û ÿ¿£
�|Õ|�ÚqT rd�T¿=�, �|Õ|�Ú ºesÁ MT yû\T� n&�T¦>± �+#á+&�. MT yû\TÅ£�, �|Õ|�ÚÅ£� eT<ó�«>·\
d�+<�T\>·T+&� úsÁT b�å+fÉH� (fountain ) eýÉ �jáT³Å£� ºeTT�ÔáT+~. �ý² úsÁT�|Õ¿ì
ºyûT�³|�ð&�T >Ã&��|Õ È]¹> eÖsÁTÎ\qT >·eT�+#á+&�. >Ã&��|Õ MTsÁT sÁ+>·T\qT #áÖ&�e#áTÌ.

·  >Ã&��|Õ sÁ+>·T\qT MTsÁT mý² #áÖ&�>·\T>·TÔáTH��sÁT?
· MT ¿£+{ì� #û¹s ¿±+Ü¿ìsÁD²\T >Ã&�qT+&� ed�TïH��jáÖ? ú{ì _+<�TeÚ\qT+&�

ed�TïH��jáÖ?
Ôî\Td�TÅ£�+<�+.
nHû¿£ \¿£�\ ú{ì _+<�TeÚ\ #ûÔá ¿±+Ü $¹¿�|�D+

#î+<�&�+ e\q eTq+ #áÖ�d n+<�yîT®q �+ç<�<ó�qTd�Tà
@sÁÎ&�TÔáT+~. �+ç<�<ó�qd�Tà @sÁÎ&�&��¿ì ¿±sÁDyûT$T{Ë
Ôî\Td�T¿Ã&��¿ì ÿ¿£ ú{ì _+<�TeÚqT |�]>·DqýË¿ì
rd�TÅ£�+<�+.

|�³+`13qT |�]o*+#á+&�. ú{ì _+<�TeÚ �|Õ çbÍ+Ôá+
qT+&� d�ÖsÁT«� ¿±+Ü¿ìsÁD+ ýË|�*¿ì ç|�yû¥d�Tï+~. �¿£Ø&�
È]¹> yîTT<�{ì eç¿¡uó�eq+ýË Ôî\¢� ¿±+Ü $$<ó� sÁ+>·T\T>±

¿£�Ôá«+  5
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fig-15

Sun light
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42o

40o

fig-14

Sun light Water

drops

Red

Violet

42o

40o

Red
Violet

violet being deviated the most and red the least. Reaching the opposite

side of the drop, each colour is reflected back into the drop because of

total internal reflection. Arriving at the surface of the drop, each colour is

again refracted into air. At the second refraction the angle between red and

violet rays further increases when compared to the angle between those at

first refraction.

The angle between the incoming and outgoing rays can be anything

between 00 and about 420. We observe bright rainbow when the angle

between incoming and outgoing rays is near the maximum angle of 420.

Diagrammatically it is shown in fig.- 13.Although each drop disperses a

full spectrum of colours, an observer is in a position to see only a single

colour from any one drop depending upon its position.

If violet light from a single drop reaches the eye of an observer, red

light from the same drop can’t reach his eye. It goes elsewhere possibly

downwards of the eye of the

observer (see in fig.- 14). To

see red light, one must look at

the drop higher in the sky. The

colour red will be seen when the

angle between a beam of

sunlight and light sent back by a

drop is 420. The colour violet

is seen when the angle between

a sunbeam and light sent back

by a drop is 400. If you look at an angle between 400 and 420, you will

observe the remaining colours of VIBGYOR

· Why does the light dispersed by the raindrops appear as a bow?

To find answer this question, we need a little geometric reasoning.

First of all, a rainbow is not the

flat two dimensional arc as it

appears to us. The rainbow

you see is actually a three

dimensional cone with the tip at

your eye as shown in fig.- 15.
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$¹¿�|�D+ #î+~ msÁT|�ÚsÁ+>·T ¿±+Ü ÔáÅ£�Øe $#á\H���, }<�sÁ+>·T ¿±+Ü mÅ£�Øe $#á\H���
bõ+<�TÔ�sTT.

n�� sÁ+>·T\Ö ú{ì _+<�TeÚ Âs+&Ã yîÕ|�ÚÅ£� #ûs�¿£, d�+|�Ps��+ÔásÁ |�s�esÁïq+e\q
ú{ì_+<�TeÚýËHû yîqT¿£Å£� |�s�esÁïq+ #î+<�TÔ�sTT. |��*Ôá+>± ú{ì _+<�TeÚ yîTT<�{ì
�|�]Ôáý²�� #ûs�¿£, ç|�rsÁ+>·T eTsÁý² >±*ýË¿ì eç¿¡uó�eq+ #î+<�TÔáT+~. yîTT<�{ì
eç¿¡uó�eq+ÔÃ bþ*�dï Âs+&Ã eç¿¡uó�eq+ýË msÁT|�Ú, }<�sÁ+>·T ¿±+Ü¿ìsÁD²\ eT<ó�«¿ÃD+
�+¿± �|sÁT>·TÔáT+~.

ú{ì_+<�TeÚýË¿ì ç|�yû¥+#û ¿ìsÁD²\T, �jáT³Å£� yîÞâß ¿ìsÁD²\ eT<ó�«¿ÃD+ 00 qT+&�
420 eT<ó�« m+ÔîÕH� �+&�e#áTÌ. nsTTÔû � ¿ÃD+ 420 \Å£� <�<�|�Ú d�eÖq+>±
�q�|�ð&�T ç|�¿±Xøe+ÔáyîT®q �+ç<�<ó�qTd�TàqT eTq+ #áÖ&�>·\T>·TÔ�+. |�³+`13ýË �
$es�\qT #áÖ&�e#áTÌ.

ç|�Ü ú{ì _+<�TeP ¿±+Ü� @&�T sÁ+>·T\ýË¿ì $&�>={ì¼H�, ÿ¿£ |�]o\Å£�&�T Ô�qT
�q� kÍ�H��� �{ì¼, ÿ¿£ ú{ì _+<�TeÚ qT+&� e#ûÌ sÁ+>·T\ýË @<Ã ÿ¿£ <��� eÖçÔáyûT
#áÖ&�>·\&�T. ÿ¿£ ú{ì _+<�TeÚ qT+&� e#ûÌ }<�sÁ+>·T ¿±+Ü ÿ¿£ |�]o\Å£�� ¿£+{ì�
#û]Ôû, n<û ú{ì _+<�TeÚ qT+&� e#ûÌ msÁT|�Ú sÁ+>·T ¿±+Ü nÔá� ¿£+{ì� #ûsÁ<�T. n~
nÔá� ¿£+{ì¿ì ¿=+Ôá ~>·Teuó²>±�¿ì #ûsÁTÔáT+~. |�³+`14 #áÖ&�+&�. ¿£qT¿£ |�]o\Å£�&�T

msÁT|�Ú sÁ+>·T ¿±+Ü� #áÖ&�\+fñ
�¿±Xø+ýË �q� ú{ì_+<�TeÚ\ýË
mÔáTïýË �q� y�{ì�  #áÖ&�*.

d�ÖsÁ«¿±+Ü |�Ú+C²�¿ì, ú{ì
_+<�TeÚ#û yîqT¿£Å£� |�+|��&�q ¿±+Ü¿ì
eT<ó�« ¿ÃD+ 420 �q�|�ð&û eTqÅ£�
msÁT|�Ú sÁ+>·T ¿£qT�&�TÔáT+~. �¿ÃD+
400 �+fñ eTqÅ£� }<�sÁ+>·T ¿±+Ü
¿£q�&�TÔáT+~. 400 qT+&� 420 \
eT<ó�« ¿ÃD+ýË VIBGYOR ýË�
$TÐ*q sÁ+>·T\T ¿£�|¾kÍïsTT.

· y�qú{ì _+<�TeÚ\ÔÃ $¹¿�|�D+ #î+~q ¿±+Ü nsÁ�e\jáÖ¿±sÁ+ýË m+<�TÅ£�
¿£�|¾d�Tï+~?

� ç|�Xø�Å£� d�eÖ<ó�q+
Ôî\Td�T¿Ãy�\+fñ eTqÅ£� ¿=+Ôá
C²«$TrjáT Ô�]Ø¿£Ôá (geometrical

reasoning) ned�sÁ+. yîTT<�³>±,
�+ç<�<ó�qd�Tà nHû~ eTqÅ£� ¿£q�&û
$<ó�+>± |�\T#á� ~Ç$TrjáT #�|�+
(arc) ¿±<�T. |�³+`15ýË #áÖ|¾q³T¢,

|�³+-14

d�ÖsÁ« ¿±+Ü
ú{ì _+<�TeÚ\T

msÁT|�Ú

}<� sÁ+>·T
42o

40o

msÁT|�Ú }<� sÁ+>·T

|�³+-15

d�ÖsÁ« ¿±+Ü

d�ÖsÁT«&�T
42o

40o
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All the drops that disperse the light towards you lie in the shape of the

cone – a cone of different layers. The drops that disperse red colour to

your eye are on the outer most layer of the cone, similarly the drops that

disperse orange colour to your eye are on the layer of the cone beneath

the red colour cone. In this way the cone responsible for yellow lies beneath

orange and so on it till the violet colour cone becomes the innermost

cone.(see in fig.- 15).

It is our common experience that the sky appears blue in colour on a

bright dry day.

· Why is the sky blue?

To answer this question, you need to understand another phenomenon

of light called scattering.

· What is scattering?

Let us see

5.4.4  Scattering of Light

Scattering of light is a complex phenomenon. Let us try to understand

the idea of scattering.

· Do you know what happens to the free atom or molecule when it is

exposed to certain frequency of light?

Atoms or molecules which are exposed to light absorb light energy

and emit some part of the light energy in different directions. This is the

basic process happens in scattering of light.

The effect of light on a molecule or an atom depends on the size of

atom or molecule. If the size of the particle (atom or molecule) is small, it

will be affected by higher frequency (lower wave length) light and vice versa.

Think and discuss

· Can you imagine the shape of rainbow when observed during travel

in an airplane? Discuss with your friends and collect information.
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�+ç<�<ó�qd�Tà nHû~ MT ¿£+{ì e<�Ý Ôáq ¿=quó²>±�� ¿£*Ð jáTTq� çÜ$TrjáT Xø+KTeÚ
(three dimensional cone). MT  yîÕ|�Ú>± ¿±+Ü� $¹¿�|�D+ #û�d n�� ú{ì _+<�TeÚ\T,
$$<ó� bõsÁ\qT ¿£*ÐjáTTq� Xø+KTeÚ �¿±sÁ+ýË neT] �+{²sTT. MT ¿£+{ì¿ì msÁT|�Ú
sÁ+>·T ¿±+Ü� #ûsÁyû�d ú{ì _+<�TeÚ\T Xø+KTeÚ u²V�²« bõsÁ�|Õ �+{²sTT.

<�� ¿£H�� ¿ì+~bõsÁýË �q� Xø+KTeÚ �|�]Ôá\+�|Õ H�]+ÈsÁ+>·T(orange) ¿±+Ü�
#ûsÁyû�d ú{ì_+<�TeÚ\T �+{²sTT.

n<û$<ó�+>± |�d�T|�Ú sÁ+>·TqT #ûsÁyû�d Xø+KTeÚ H�]+ÈsÁ+>·T ¿±+Ü� #ûsÁyû�d
Xø+KTeÚÅ£� ¿ì+<� �+&û bõsÁýË �+³T+~. �ý² � ç¿£eT+  n��+{ì¿£H��  n+ÔásÁ+ýË
�+&û }<�sÁ+>·TqT #ûsÁyû�d Xø+KTeÚ esÁÅ£� ¿=qkÍ>·TÔáT+~. (|�³+`15 #áÖ&�+&�)

kÍ<ó�sÁD+>± eTqÅ£� �¿±Xø+ ú* sÁ+>·TýË ¿£q�&�TÔáT+~.
· �¿±Xø+ ú* sÁ+>·TýË m+<�TÅ£� ¿£�|¾d�Tï+~?

� ç|�Xø�Å£� d�eÖ<ó�q+ #îbÍÎ\+fñ, ¿±+Ü |�]¹¿�|�D+ nHû eTs=¿£ <��ÐÇw�jáT+
>·T]+º ne>±V�²q #ûd�T¿Ãy�*.
· |�]¹¿�|�D+ n+fñ @$T{ì?

5.4.4 ¿±+Ü |�]¹¿�|�D+
¿±+Ü |�]¹¿�|�D+ ÿ¿£ d�+¿ì¢w�¼ <��ÐÇw�jáT+. B�� ne>±V�²q #ûd�T¿Ã&��¿ì

ç|�jáTÜ�<�Ý+.
· �dÇ#�ÌÛ |�sÁeÖDTeÚ ýñ<� nDTeÚ�|Õ �]Ýw�¼ båq:|�Úq«+ >·\ ¿±+Ü |�Ôáq+ #î+~Ôû

@+ ÈsÁT>·TÔáT+~?
|�sÁeÖDTeÚ\T ýñ<� nDTeÚ\�|Õ ¿±+Ü |�Ôáq+ #î+~q|�Ú&�T n$ ¿±+Ü Xø¿ìï�

XËw¾+#áT¿=� (absorb), n+<�TýË ¿=+Ôá uó²>±�� $$<ó� ~XøýË¢ �<�ZsÁ+ (emission)
#ûkÍïsTT. �<û ¿±+Ü |�]¹¿�|�D+ýË� çbÍ<�̧$T¿£ �jáTeT+.

|�sÁeÖDTeÚ ýñ<� nDTeÚ jîTT¿£Ø |�]eÖD²�� �{ì¼ y�{ì�|Õ ¿±+Ü ç|�uó²e+ �<ó�sÁ|�&�
�+³T+~. ¿£D+ (|�sÁeÖDTeÚ ýñ<� nDTeÚ) |�]eÖD+ ÔáÅ£�Øe>± �+fñ, n~ mÅ£�Øe
båq:|�Úq«+ >·\ (ÔáÅ£�Øe ÔásÁ+>·<îÕsÁé «+ >·\) ¿±+ÜÔÃ ç|�uó²$ÔáeTeÚÔáT+~. ný²¹> mÅ£�Øe
|�]eÖD+ >·\ ¿£D+ ÔáÅ£�Øe båq'|�Úq«+ (mÅ£�Øe ÔásÁ+>·<îÕsÁé «+) >·\ ¿±+ÜÔÃ
ç|�uó²$ÔáeTeÚÔáT+~.

· $eÖq+ýË ç|�jáÖDì+#û e«¿ìï¿ì �+ç<�<ó�qTd�Tà @ �¿±sÁ+ýË ¿£�|¾d�Tï+<Ã
}V¾²+#á>·\s�? MT �d�V¾²ÔáT\ÔÃ #á]Ì+#á+&�. d�eÖ#�s��� �d¿£]+#á+&�.

�ýËº+#á+&� ` #á]Ì+#á+&�
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Let us consider that a certain frequency of light is incident on an atom.

Then the atom comes into vibration due to this light. This in turn releases

or re-emits light in all directions with different intensity.

The intensity of light is the energy of light passing through unit area of

plane, taken normal to the direction of propagation of light, in one second.

Let us consider that the free atom or free molecule

is somewhere in space as shown in fig.- 16.

Light of certain frequency falls on that atom or

molecule. This atom or molecule responds to the light

whenever the size of the atom or molecule is

comparable to the wave length of light. If this condition

is satisfied, the atom absorbs light and vibrates. Due to

these vibrations, the atom re-emits a certain fraction

of absorbed energy in all directions with different

intensities. The re-emitted light is called scattered light and the process

of re-emission of light in all directions with different intensity is called

scattering of light. The atoms or molecules are called scattering centre.

Let us take the angle ‘q’ between the incident light and a direction in which

the intensity of scattered light is observed, we call this angle as angle of

scattering. It is experimentally observed that the intensity of scattered light

varies with angle of scattering. The intensity is maximum at 900 angle of

scattering.

This is the reason for the appearance of clear blue colour when look at

the sky in a direction perpendicular to the direction of the sun rays. If our

angle of view is changed, the intensity of blue colour also changes.

Now you might have got a doubt why scattering of light gives blue

colour only. Why can’t it give other colours?

Let us find out whether the scattering centres are responsible for the

blue colour of the sky?

We know that our atmosphere contains different types of molecules

and atoms. The reason for blue sky is due to the molecules N
2
 and O

2
. The

sizes of these molecules are comparable to the wavelength of blue light.

These molecules act as scattering centres for scattering of blue light.

· Why is that the sky appears white sometimes when you view it in certain

direction on hot days?

fig-16

Sun light
Scattered light

Atom

fig-16
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ÿ¿£ |�sÁeÖDTeÚ�|Õ �]Ýw�¼ båq:|�Úq«+ >·\ ¿±+Ü |�ÔáqyîT®+<�qTÅ£�+<�+.� ¿±+Ü
e\¢ |�sÁeÖDTeÚ ¿£+|¾+#á&�+ (vibration) çbÍsÁ+_ód�Tï+~. � ¿£+|�H�\e\¢ n�� ~Xø\ýË
$$<ó� rçeÔá\T (different intensity) >·\ ¿±+Ü� $&�T<�\ #ûd�Tï+~.

¿±+Ü ç|�jáÖD ~XøÅ£� \+�+>± �q� @¿±+¿£ yîÕXæ\«+ >·\ Ôá\+ >·T+&� ÿ¿£
�d¿£qT ¿±\+ýË ç|�d�]+#û ¿±+Ü Xø¿ìï� ¿±+ÜrçeÔá (intensity of light) n+{²+.

|�³+`16 ýË #áÖ|¾q³T¢ n+Ôás�Þø+ (space)ýË ÿ¿£ �dÇ#�ÌÛ
|�sÁeÖDTeÚ ýñ<� nDTeÚ �q�<�qTÅ£�+<�+.� ¿£D+�|Õ �]Ýw�¼
båq:|�Úq«+>·\ ¿±+Ü |�Ôáq#î+~+<�qTÅ£�+<�+. � ¿£D+
|�]eÖD+ |�Ôáq+ #î+~q ¿±+Ü ÔásÁ+>·<îÕsÁé «+ÔÃ  bþ\Ì<�Ðq
$<ó�+>± �q�|�ð&�T eÖçÔáyûT � ¿±+Ü¿ì � ¿£D+ d�Î+~d�Tï+~.

� �jáTeT+ bÍ{ì+#á�&�q|�ð&�T eÖçÔáyûT � ¿£D+ ¿±+Ü�
XËw¾+#áTÅ£�� ¿£+|�H�\T #ûd�Tï+~. � ¿£+|�H�\ e\q � ¿£D+

XËw¾+#áTÅ£�q� Xø¿ìïýË ¿=+Ôá uó²>±�� n�� ~XøýË¢ $$<ó� rçeÔá\ÔÃ Ü]Ð �<�ZsÁ+ #ûd�Tï+~.
� �<�Zs�Hû� ¿±+Ü |�]¹¿�|�D+ n+{²+. �<�ZsÁyîT®q ¿±+Ü� |�]¹¿�|�D ¿±+Ü

n+{²+. �<�ZsÁ+ #ûd¾q |�sÁeÖDTeÚ ýñ<� nDTeÚqT  |�]¹¿�|�D ¹¿+ç<�+ (scattering

centre) n+{²+. �]Æw�¼ ~XøýË, n+fñ ¿±+Ü rçeÔáqT |�]o*+#û ~XøýË e#ûÌ |�]¹¿�|�D
¿±+Ü¿ì, |�Ôáq¿±+Ü¿ì eT<ó�«>·\ ¿ÃD²�� |�]¹¿�|�D ¿ÃD+ (angle of scattering) n+{²+.
|�]¹¿�|�D ¿±+Ü jîTT¿£Ø rçeÔá (intensity of scattered light) |�]¹¿�|�D ¿ÃD²�� �{ì¼
eÖsÁTÔáT+<�� ç|�jîÖ>·|�PsÁÇ¿£+>± Ôî\Td�T¿Ãe&�+ È]Ð+~. |�]¹¿�|�D ¿ÃD+ 900

�q�|�ð&�T ¿±+Ü rçeÔá nÔá«~ó¿£+>± �+³T+~.
� ¿±sÁD+ #ûÔáHû, d�ÖsÁ« ¿ìsÁD²\ ~XøÅ£� \+� ~XøýË eTq+ �¿±Xæ�� #áÖd¾q|�ð&�T

�¿±Xø+ ú* sÁ+>·TýË ¿£q�&�TÔáT+~. eTq+ #áÖ�d ~Xø ¿ÃD+ eÖ]Ôû, � ú*sÁ+>·T
rçeÔá Å£L&� eÖsÁTÔáT+~.

¿±+Ü |�]¹¿�|�D+ e\¢ ú*sÁ+>·T eÖçÔáyûT m+<�TÅ£� @sÁÎ&�TÔáT+~? yû¹s sÁ+>·T m+<�TÅ£�
@sÁÎ&�<�T? nHû d�+<ûV�²+ MTÅ£� ¿£*Ð �+³T+~ ¿£<�!

�¿±Xø|�Ú ú*sÁ+>·TÅ£� ¿±sÁD+ |�]¹¿�|�D ¹¿+ç<�ýñH�? nHû n+Xø+ Ôî\Td�T¿Ã&��¿ì
ç|�jáTÜ�<�Ý+.

eTq uó�Ö$T #áT³Ö¼ �q� y�Ô�esÁD+ýË $$<ó� sÁ¿±\ nDTeÚ\T, |�sÁeÖDTeÚ\T
�+{²jáT� MTÅ£� Ôî\Td�T. y�Ô�esÁD+ýË� HîÕç{ËÈH�, �¿ìàÈH� nDTeÚýñ �¿±Xø|�Ú
ú*sÁ+>·TÅ£� ¿±sÁD+. � nDTeÚ\ |�]eÖD+ ú*sÁ+>·T ¿±+Ü ÔásÁ+>· <îÕsÁé «+ÔÃ bþ\Ì<�Ðq
$<ó�+>± �+³T+~. � nDTeÚ\T ú*sÁ+>·T ¿±+Ü¿ì |�]¹¿�|�D ¹¿+ç<�\T>± |��#ûkÍïsTT.
· yûd�$sÃEýË¢ (�cþ�ç>·Ôá mÅ£�Øe>± �q�sÃEýË¢) ÿ¿£ �]Æw�¼ ~XøýË #áÖd�Tïq�|�ð&�T

¿=�� d�+<�s�ÒÛ\ýË �¿±Xø+ Ôî\T|�ÚsÁ+>·TýË ¿£�|¾d�Tï+~ ` m+<�TÅ£�?

|�³+-16

d�ÖsÁ« ¿±+Ü
|�]¹¿�|�D ¿±+Ü

|�sÁeÖDTeÚ

|�³+-16
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Our atmosphere contains atoms and molecules of different sizes.

According to their sizes, they are able to scatter different wavelengths of

light. For example, the size of the water molecule is greater than the size

of the N
2
 or O

2
. It acts as a scattering centre for other frequencies which

are lower than the frequency of blue light.

On a hot day, due to rise in the temperature water vapour enters into

atmosphere which leads to abundant presence of water molecules in the

atmosphere. These water molecules scatter the colours of other

frequencies (other than blue). All such colours of other frequencies reach

your eye and the sky appears white.

· Can we demonstrate scattering of light by an experiment?

Let us try

Activity 6

Take a solution of sodium-thio-sulphate (hypo) and sulphuric acid in a

glass beaker. Place the beaker in an open place where abundant sun light is

available. Watch the formation of grains of sulphur and observe changes

in the beaker.

You will notice that sulphur precipitates as the reaction is in progress.

At the beginning, the grains of sulphur are smaller in size and as the reaction

progresses, their size increases due to precipitation.

Sulphur grains appear blue in colour at the beginning and slowly their

colour becomes white as their size increases. The reason for this is

scattering of light. At the beginning, the size of grains is small and almost

comparable to the wave length of blue light. Hence they appear blue in the

beginning. As the size of grains increases, their size becomes comparable

to wave lengths of other colours. As a result of this, they act as scattering

centres for other colours. The combination of all these colours appears as

white.

· Do you know the reasons for appearance the red colour of sun during

sunrise and at sunset?

The atmosphere contains free molecules and atoms with different sizes.

These molecules and atoms scatter light of different wavelengths which
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y�Ô�esÁD+ýË $$<ó� |�]eÖD²\T >·\ ¿£D²\T+{²sTT. y�{ì |�]eÖD²\
¿£qT>·TD+>± n$ $$<ó� ÔásÁ+>·<îÕs�é «\T >·\ ¿±+Ü� |�]¹¿�|�D+ #ûkÍïsTT. �<�V�²sÁDÅ£�
N

2
 , O

2 
nDTeÚ\ ¿£H�� ú{ì nDTeÚ |�]eÖD+ mÅ£�Øe. ¿±�{ì¼ n~ ú*sÁ+>·T¿±+Ü

¿£+fñ ÔáÅ£�Øe båq:|�ÚH�«\T (mÅ£�Øe ÔásÁ+>·<îÕs�é «\T) >·\ ¿±+ÔáT\Å£� |�]¹¿�|�D ¹¿+ç<�+>±
|��#ûd�Tï+~.

yûd�$ sÃEýË¢ �cþ�ç>·Ôá mÅ£�Øe>± �+&�&�+ e\¢ y�Ô�esÁD+ýË¿ì ú{ì �$] #ûsÁTÔáT+~.
Ôá<�Çs� y�Ô�esÁD+ýË ú{ì nDTeÚ\T n~ó¿£ kÍ�sTTýË �+{²sTT. � ú{ì nDTeÚ\T
�ÔásÁ båq'|�ÚH�«\T (ú*sÁ+>·T ¿±�$) >·\ ¿±+ÔáT\qT |�]¹¿�|�D+ #ûkÍïsTT. N

2
 ,O

2 
\

|�]¹¿�|�D+ e\¢ e#ûÌ ú*sÁ+>·T¿±+Ü, ú{ì nDTeÚ\ |�]¹¿�|�D+ e\¢ e#ûÌ �ÔásÁ sÁ+>·T\
¿±+ÔáT\T nú� ¿£*d¾ eTq ¿£+{ì� #û]q|�ð&�T Ôî\T|�Ú sÁ+>·T ¿±+Ü ¿£q�&�TÔáT+~.
· ¿±+Ü |�]¹¿�|�D²�� ç|�jîÖ>·|�ÚsÁÇ¿£+>± #áÖ|�>·\s�?

ç|�jáTÜ�<�Ý+.

¿£�Ôá«+  6
ÿ¿£ ;¿£sÁTýË kþ&�jáT+ <̧�jîÖd�ýñÎÛ{Ù (�VÕ²bþ) eT]jáTT d�\ÖÎÛ«]¿±eÖ¢\  ç<�eD²��

rd�T¿Ã+&�. � >±E ;¿£sÁTqT �sÁT�jáT³ d�ÖsÁT«� yî\T>·TýË �+#á+&�. ;¿£sYýË
d�\ÎÛsY d�Î{ì¿±\T @sÁÎ&�&��� >·eT�+#á+&�. ;¿£sYýË È]¹> eÖsÁTÎ\qT |�]o*+#á+&�.

sÁkÍjáTq #ásÁ« ÈsÁT>·TÔáTq� ¿=\B d�\ÎÛsY ne¹¿�|�+ (Precipitation) @sÁÎ&�&�+
MTsÁT >·eT�+#áe#áTÌ. çbÍsÁ+uó�+ýË d�\ÎÛsY d�Î{ì¿±\T #�ý² ºq�$>± �+{²sTT. #ásÁ«
ÈsÁT>·TÔáTq� ¿=\B d�\ÎÛsY ne¹¿�|�+ @sÁÎ&� d�Î{ì¿±\ |�]eÖD+ �|sÁT>·TÔáT+~.

yîTT<�³ d�\ÎÛsY d�Î{ì¿±\T ú*sÁ+>·TýË �+&�, y�{ì |�]eÖD+ �|sÁT>·TÔáTq�¿=\B
Ôî\T|�Ú sÁ+>·TýË¿ì eÖsÁTÔ�sTT. B�¿ì ¿±sÁD+ ¿±+Ü |�]¹¿�|�D+. çbÍsÁ+uó�+ýË d�\ÎÛsY
d�Î{ì¿±\ |�]eÖD+ #�ý² ÔáÅ£�Øe>± �+&�, n~ ú*sÁ+>·T ¿±+Ü ÔásÁ+>·<îÕsÁé «+ÔÃ
bþ\Ì&��¿ì MýÉÕq~>± �+³T+~. ¿±�{ì¼ n|�ð&�T n$ ú*sÁ+>·TýË ¿£q�&�Ô�sTT. d�\ÎÛsY
d�Î{ì¿±\ |�]eÖD+ �|sÁT>·TÔáTq� ¿=\B, y�{ì |�]eÖD+ �ÔásÁ sÁ+>·T ¿±+ÔáT\
ÔásÁ+>·<îÕs�é «\ÔÃ bþ\Ì&��¿ì M\jûT«~>± �+³T+~. n|�ð&�T � d�Î{ì¿±\T �ÔásÁ sÁ+>·T\
¿±+ÔáT\Å£� |�]¹¿�|�D ¹¿+ç<�\T>± |��#ûkÍïsTT. � n�� sÁ+>·T\Ö ¿£*d¾ Ôî\T|�ÚsÁ+>·Tý²
¿£q�&�TÔáT+~.
· d�ÖsÃ«<�jáT+, d�Ös�«d�ïeTjáT d�eTjáÖ\ýË d�ÖsÁT«&�T mçsÁ>± ¿£q�&�&��¿ì >·\

¿±sÁD+ MTÅ£� Ôî\TkÍ?
y�Ô�es ÁD+ýË $$< ó �  | �]eÖD²\ýË �dÇ#�Ì Û  nDTeÚ\T eT]já T T

|�sÁeÖDTeÚ\T+{²sTT. �$ y�{ì |�]eÖD²\ ¿£qT>·TD+>± $$<ó� ÔásÁ+>·<îÕs�é «\T >·\

¿£�Ôá«+  6
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are comparable to their size. Molecules having a size that is comparable to

the wavelength of red light are less in the atmosphere. Hence scattering of

red light is less when compared to the other colours of light. The light

from the sun needs to travel more distance in atmosphere during sunrise

and sunset to reach your eye. In morning and evening times, during sunrise

and sunset, except red light all colours scatter more and vanish before

they reach you. Since scattering of redlight is very small, it reaches you.

As a result sun appears red in colour during sunrise and sunset.

· Can you guess the reason why sun does not appear red during noon

hours?

During noon hours, the distance to be travelled by the sun rays in the

atmosphere is less than that compared to morning and evening hours.

Therefore all colours reach your eye without much scattering. Hence the

sun appears white during noon hours.

So far, we have learned some ideas of the light such as refraction,

dispersion and scattering. These are wonderful phenomena occuring in our

surroundings. When you observe any phenomena, try to resolve the problem

and appreciate the wonderful world based on the behaviour of light.

Do you Know?

Our beloved scientist and Noble prize winner, Sir

C.V. Raman explained the phenomenon of light

scattering in solids, gases and liquids. He found

experimentally that the frequency of scattered light

by the liquids is greater than the frequency of incident

light. This is called Raman Effect. By using this effect

scientists determine the shapes of the molecules.
Sir CV Raman

Key words

Least distance of distinct vision, Angle of vision, Accommodation

of eye lens, Myopia, Hypermetropia, Presbyopia, Power of lens, Prism,

Angle of prism or refracting angle of prism, Angle of minimum deviation,

Dispersion, Scattering.
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¿±+Ü� |�]¹¿�|�D+ #ûkÍïsTT. y�Ô�esÁD+ýË msÁT|�Ú sÁ+>·T ¿±+Ü ÔásÁ+>·<óîÕsÁé «+ÔÃ bþ\Ì>·\
|�]eÖD+ >·\ nDTeÚ\T #�ý² ÔáÅ£�Øe>± �+{²sTT. ¿£qT¿£ msÁT|�Ú sÁ+>·T ¿±+Ü
$T>·Ô� sÁ+>·T\ ¿£H�� ÔáÅ£�Øe>± |�]¹¿�|�D+ #î+<�TÔáT+~.

d�ÖsÃ«<�jáT+, d�Ös�«d�ïeTjáT d�eTjáT+ýË d�ÖsÁT«� qT+&� yî\Te&û¿±+Ü MT ¿£+{ì�
#ûsÁ&��¿ì uó�Ö y�Ô�esÁD+ýË n~ó¿£ <�ÖsÁ+ ç|�jáÖDì+#�*à �+³T+~. msÁT|�Ú sÁ+>·T
¿±+Ü Ôá|�Î $TÐ*q n�� sÁ+>·T\ ¿±+ÔáT\T n~ó¿£+>± |�]¹¿�|�D+ #î+~ ¿±+Ü MT
¿£+{ì� #û¹sýË�| � sÁ+>·T\ú� ¿£qTeTsÁT>·eÚÔ�sTT.  msÁT|�Ú sÁ+>·T ¿±+Ü ÔáÅ£�Øe>±
|�]¹¿�|�D+ #î+<�&�+ e\¢ n~ MT ¿£+{ì� #ûsÁTÔáT+~. |��*Ôá+>± d�ÖsÁT«&�T d�ÖsÃ«<�jáT+,
d�Ös�«d�ïeTjáT d�eTjáÖ\ýË msÁT|�Ú>± ¿£�|¾kÍï&�T.
· eT<ó�«V�²� yûÞøýË¢ d�ÖsÁT«&�T mçsÁ>± m+<�TÅ£� ¿£q�&�&Ã }V¾²+#á>·\s�?

�<�jáT+, kÍjáT+çÔá+ yûÞø\ ¿£+fñ eT<ó�«V�²� d�eTjáT+ýË y�Ô�esÁD+ýË d�ÖsÁ«¿±+Ü
ç|�jáÖDì+#û <�ÖsÁ+ ÔáÅ£�Øe. ¿±�{ì¼  ¿±+Ü mÅ£�Øe>± |�]¹¿�|�D+ #î+<�¿£ bþe&�+ e\¢
n�� sÁ+>·T\Ö MT ¿£+{ì� #ûsÁTÔ�sTT. ¿±�{ì¼ eT<ó�«V�²� yûÞøýË¢ d�ÖsÁT«&�T Ôî\¢>±
¿£q�&�Ô�&�T.

�|�Î{ì esÁÅ£� eTq+ ¿±+Ü¿ì d�+�+~ó+ºq eç¿¡uó�eq+, $¹¿�|�D+ eT]jáTT |�]¹¿��|D+
e+{ì ¿=�� n+Xæ\qT >·T]+º Ôî\Td�TÅ£�H��+. �eú� eTq #áT³Ö¼ È]¹> n<�TÒÛÔáyîT®q
<��ÐÇw�jáÖ\T. � <��ÐÇw�jáÖ\Å£� d�+�+~ó+ºq d�+<�s�ÒÛ\T MTÅ£� m<�TÂsÕq|�ð&�T y�{ì¿ì
¿±sÁDyîT®q ¿±+Ü ç|�esÁïqqT $Xâ¢w¾+#á&�+ <�Çs� MTsÁT bõ+<û �q+<��� �kÍÇ~+#á+&�.

MTÅ£� Ôî\TkÍ?

eTq<ûXæ�¿ì #î+~q Xæçd�ïyûÔáï, HÃuÉýÙ �V�QeTÜ ç>·VÓ²Ôájî®Tq
d�sY.d¾.$.s�eTH�  |��TH�\T, ç<�y�\T eT]jáTT y�jáTTeÚ\ýË È]¹>
¿±+Ü |�]¹¿�|�D²�� $e]+#�&�T. ÿ¿£ ç<�e+ e\¢ |�]¹¿�|�D+
#î+~q ¿±+Ü båq:|�Úq«+, |�Ôáq¿±+Ü båq'|�Úq«+ ¿£H�� mÅ£�Øe
ýñ<� ÔáÅ£�Øe �+³T+<�� �jáTq ç|�jîÖ>·|�PsÁÇ¿£+>±
¿£qT>=H��&�T. B�Hû s�eTH� |��*Ôá+ (Raman Effect) n+{²+.

B�� �|�jîÖÐ+º Xæçd�ïyûÔáï\T nDTeÚ\ �¿±s�\qT
�s��]kÍïsÁT.

d�sY d¾$ s�eTH�

¿¡\¿£ |�<�\T
d�Îw�¼<��w¾¼ ¿£úd� <�ÖsÁ+, <��w¾¼¿ÃD+, ¿£³¿£ d�sÁTÝu²³T, çV�²d�Ç<��w¾¼, BsÁé<��w¾¼,

#áÔ�ÇsÁ+, ¿£³¿£kÍeTsÁ�«+, |�³¼¿£+, |�³¼¿£¿ÃD+ ýñ<� |�³¼¿£ eç¿¡uó�eq ¿ÃD+, ¿£�w�¼
$#á\q¿ÃD+, $¹¿�|�D+, |�]¹¿�|�D+.
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· The least distance of distinct vision is about 25cm and the angle of vision is about 600.

· The ability of eye lens to change its focal length is called accommodation of lens.

· The defect in which people cannot see objects beyond far point is called Myopia.

· The defect in which people cannot see objects situated before near point is called

Hypermetropia.

· Presbyopia is a vision defect indicating that the power of accommodation of the eye usually

decreases with ageing.

· The reciprocal of focal length is called power of the lens.

· The refractive index of prism is given by 

A+D
sin

2
n

A
sin

2

ì ü
í ý
î þ=

æ ö
ç ÷
è ø

where A is angle of prism and D is angle of minimum deviation.

· The splitting of white light into colours (VIBGYOR) depending on the wave lengths is called

dispersion.

· The process of re-emission of absorbed light in all directions with different intensities by atoms

or molecules,  is called scattering of light.

I.  Reflections on Concepts

1. How do you correct the eye defect Myopia? (AS
1
)

2. Explain the correction of the eye defect Hypermetropia. (AS
1
)

3. How do you find experimentally the refractive index of material of a prism? (AS
3
)

4. Explain the formation of rainbow. (AS
1
)

5. Explain two activities for the formation of artificial rainbow. (AS
3
)

6. Light of wavelength  l
1
 enters a medium with refractive index n

2
 from a medium with

refractive index n
1
. What is the wave length of light in second medium?  (AS 

1
)

7. Why does the sky sometimes appear white? (AS 
7
)

8. A person is viewing a distant object. If a converging lens is placed in front of his eye, will

he feel that the size of object has increased? Why? (AS
7
)

Improve your learning

What we have learnt
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· kÍ<ó�sÁD+>± eÖqeÚ� d�Îw�¼<��w¾¼ ¿£úd� <�ÖsÁ+ 25 �d+.MT., <��w¾¼ ¿ÃD+ 600.
· ¿£+{ì¿£³¿£+ Ôáq H�uó�«+Ôás��� eÖsÁTÌ¿Ãe&��� »»¿£³¿£ d�sÁTÆu²³Tµµ n+{²+.

· ÿ¿£ e«¿ìï >·]w�¼ <�ÖsÁ_+<�TeÚÅ£� �e\ �q� ed�TïeÚqT #áÖ&�ýñ¿£bþjûT <��w¾¼ <ÃcÍ�� çV�²d�Ç<��w¾¼
n+{²+.

· ÿ¿£ e«¿ìï ¿£�w�¼ <�ÖsÁ_+<�TeÚÅ£� ýË|�\ �q� ed�TïeÚqT #áÖ&�ýñ¿£bþjûT <��w¾¼<ÃcÍ�� <�ÖsÁ<��w¾¼ n+{²+.

· ejáTd�Tà¯Ô�« ¿£+{ì¿£³¿£ d�sÁTÆu²³T kÍeTsÁ�«+ ÔáÐZbþjûT <��w¾¼<ÃcÍ�� #áÔ�ÇsÁ+ n+{²+.

· H�uó�«+ÔásÁ+ jîTT¿£Ø $ýËeT $\TeqT ¿£³¿£ kÍeTsÁ�«+ n+{²+.

· |�³¼¿£ eç¿¡uó�eq >·TD¿±�¿ì d�ÖçÔá+ : 

A+D
sin

2
n

A
sin

2

ì ü
í ý
î þ=

æ ö
ç ÷
è ø

�+<�TýË A` |�³¼¿£ ¿ÃD+, D` ¿£�w�¼$#á\q ¿ÃD+
· Ôî\¢�¿±+Ü $$<ó� sÁ+>·T\T>± (VIBGYOR) ÔásÁ+>· <îÕs�é«\ �<ó�sÁ+>± $&�bþe&��� ¿±+Ü$¹¿�|�D+ n+{²+.

· ÿ¿£ ¿£D+ XËw¾+#áTÅ£�q� ¿±+Ü� Ü]Ð n�� ~Xø\ýË $$<ó� rçeÔá\ÔÃ $&�T<�\ #ûjáT&��� ¿±+Ü |�]¹¿�|�D+
n+{²+.

I. uó²eq\�|Õ ç|�Üd�Î+<�q\T:

1. çV�²d�Ç<��w¾¼ ýËbÍ�� MTÂsý² d�e]kÍïsÁT? (AS
1
)

2. BsÁé <��w¾¼ ýËbÍ�� d�e]+#û $<ó�H��� $e]+#á+&�. (AS
1
)

3. |�³¼¿£ |�<�sÁ� eç¿¡uó�eq >·TD¿±�� ç|�jîÖ>·|�PsÁÇ¿£+>± mý² ¿£qT>=+{²sÁT? (AS
3
)

4. �+ç<�<ó�qTd�Tà @sÁÎ&û $<ó�H��� $e]+#á+&�. (AS
1
)

5. ¿£�çÜeT �+ç<�<ó�d�TàqT bõ+<û $<ó�H��� Âs+&�T ¿£�Ô�«\ <�Çs� $e]+#á+&�. (AS
1
)

6. l
1
ÔásÁ+>·<óîÕsÁé«+ >·\ ¿±+Ü n

1
eç¿¡uó�eq >·TD¿£+ >·\ jáÖq¿£+ qT+&� n

2 
eç¿¡uó�eq >·TD¿£+ >·\ jáÖq¿£+ýË¿ì

ç|�yû¥+º+~. Âs+&�e jáÖq¿£+ýË � ¿±+Ü ÔásÁ+>·<óîÕsÁé«+ m+Ôá? (AS
1
) (Èy��T : l

2
 = n

1
l

1
/n

2
)

7. ¿=�� d�+<�s�ÒÛ\ýË �¿±Xø+ Ôî\T|�ÚsÁ+>·TýË ¿£q�&�TÔáT+~. m+<�TÅ£�? (AS
7
)

8. ÿ¿£ e«¿ìï <�ÖsÁ+ýË �q� ed�TïeÚqT #áÖd�TïH��&�T. nÔá� ¿£+{ìeTT+<�T ¹¿+çB¿£sÁD ¿£³¿±�� �+ºÔû,
nÔá�¿ì, ed�TïeÚ �|<�Ý~>±  ¿£q�&�TÔáT+<�? ¿±sÁD²�� Ôî\Î+&�.  (AS

2
)

nuó�«d�H��� yîTsÁT>·T|�sÁ#áTÅ£�+<�+

eTq+ @+ HûsÁTÌÅ£�H��+?
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II.  Application of Concepts

1) Incident ray on one of the face (AB) of a prism and emergent

ray from the face AC are given in figure -1. Complete the ray

diagram.(AS 
5
)

2) Glass is known to be a transparent material. But ground glass

is opaque and white in colour.Why? (AS
7
)

3) A light ray falls on one of the faces of a prism at an angle 40o

so that it suffers angle of minimum deviation of 30o. Find the angle of prism and angle of

refraction at the given surface.

(Ans:50o, 25o) (AS
7
)

4) The focal length of a lens suggested to a person with Hypermetropia is 100cm. Find the

distance of near point and power of the lens. (Ans: 33.33cm, 1D ) (AS 
7
)

1) The size of an object as perceived by an eye depends primarily on [ ]

A) actual size of the object B) distance of the object from the eye

C) aperture of the pupil D) size if the image formed on the retina

2) When objects at different distances are seen by the eye which of the following remain

constant?

A) focal length of eye-lens B) object distance from eye-lens  [ ]

C) the radii of curvature of eye-lens D) image distance from eye-lens

3) During refraction, ________ will not change. [ ]

          A) Wave length   B) frequency   C) speed of light   D) all the above

4) A ray of light falls on one of the lateral surface of an equilateral glass prism placed on the

horizontal surface of a table as shown in fig. 2.For minimum deviation of ray, which of the

following is true? [           ]

A) PQ is parallel to base

B) QR is parallel to base

C) RS is parallel to base

D) either PQ or RS is parallel to base

P

Q R

S

fig-2

fig-1

A

B

C

M
ir

ro
r

Multiple choice questions
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P

Q R

S

|�³+-2

|�³+`Q1

A

B

C

d�e
TÔ

á\ 
<�s

ÁÎD
+

II. uó²eq\ nqTesÁïH�\T

1. |�³+ Q`1ýË |�³¼¿£ Ôá\+ AB �|Õ |�&�q |�Ôáq ¿ìsÁD²��, |�³¼¿£ Ôá\+ AC

qT+&� e#ûÌ �V¾²sÁZÔá ¿ìsÁD²�� #áÖ|�&�+ È]Ð+~. |�³+ýË ýË|¾+ºq y�{ì�
^jáT+&�. (AS

5
)

2. >±E bÍsÁ<�sÁô¿£ |�<�sÁ�+. ÿ¿£ Ôá\+ >·sÁTÅ£�>± #ûjáT�&�q >±E bÍ¿ì�¿£
bÍsÁ<�sÁô¿£+>±qÖ, Ôî\T|�ÚsÁ+>·TýË ¿£q�&�TÔáT+~. m+<�TÅ£�?  (AS

7
)

3. |�³¼¿£+ jîTT¿£Ø ÿ¿£ Ôá\+�|Õ 400 ¿ÃD+ÔÃ |�ÔáqyîT®q ¿±+Ü ¿ìsÁD+, 300 ¿£�w�¼ $#á\H��� bõ+~+~.
nsTTq |�{¼¿£ ¿ÃD²��, �ºÌq Ôá\+ e<�Ý eç¿¡uó�eq ¿ÃD²�� ¿£qT>=q+&�. (AS

7
) (Èy��T : 500, 250)

4. »»BsÁé<��w¾¼µµ >·\ ÿ¿£ e«¿ìï¿ì 100 �d+.MT H�uó�«+ÔásÁ+ >·\ ¿£³¿±�� y�&�eT� &�¿£¼sY d�\V�ä�#�ÌsÁT. ¿£�w�¼
<�ÖsÁ_+<�TeÚ jîTT¿£Ø <�Ös���, ¿£³¿£ kÍeTs��«�� ¿£qT>=q+&�. (AS

7
) (Èy��T\T: 33.33 �d+.MT. 1D)

1. eÖqeÚ� ¿£qT� ç>·V¾²+#û ed�Tï |�]eÖD+ çbÍ<�̧$T¿£+>± �<ó�sÁ|�&�T n+Xø+. [ ]

m) ed�TïeÚ �È |�]eÖD+ _) ¿£qT� qT+&� ed�TïeÚÅ£� >·\ <�ÖsÁ+
d¾) q\¢ >·T&�T¦ sÁ+ç<ó�+ &�) Âs{¡H��|Õ @sÁÎ&�¦ ç|�Ü_+� |�]eÖD+

2. $$<ó� <�Ös�\ýË >·\ ed�TïeÚ\qT #áÖd�Tïq�|�ÚÎ&�T ¿ì+~ y�{ìýË @~ d¾�sÁ+>± �+³T+~? [ ]

m) ¿£+{ì ¿£³¿£ H�uó²«+ÔásÁ+

_) ¿£+{ì ¿£³¿£+ qT+&� ed�TïeÚ¿ì >·\ <�ÖsÁ+

d¾) ¿£+{ì ¿£³¿£ eç¿£Ô� y�«kÍsÁ�+

&�) ¿£+{ì ¿£³¿£+ qT+&� ç|�Ü_+� <�ÖsÁ+

3. ¿ì+~ y�{ìýË eç¿¡uó�eq d�eTjáT+ýË eÖsÁ� $\Te [ ]

m) ÔásÁ+>·<óîÕsÁé «+ _) båq:|�Úq«+ d¾) ¿±+Üyû>·+ &�) �|Õeú�

4. |�³+-2 ýË #áÖ|¾q $<ó�+>± fñ�TýÙ�|Õ �+ºq ÿ¿£ d�eTu²V�Q |�³¼¿£+�|Õ ¿±+Ü |�ÔáqyîT®+~. ¿£�w�¼

$#á\H��¿ì d�+�+~ó+º ¿ì+~ y�{ìýË @~ d�]jî®Tq~?  [           ]
m) �<ó�s��¿ì d�eÖ+ÔásÁ¹sK PQ

_) �<ó�s��¿ì d�eÖ+ÔásÁ¹sK QR

d¾) �<ó�s��¿ì d�eÖ+ÔásÁ¹sK  RS

&�) �<ó�s��¿ì d�eÖ+ÔásÁ ¹sK PQ, ýñ<�  RS

d�ÂsÕq d�eÖ<ó�H��� mqT�¿Ã+&�
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5) Far point of a person suffering from anyopia is 5m. In order that he has normal vision what

kind of spectacles should he use                                                    [ ]

A) Concave lense with focal length 5m B) concave lense with focal length 10m

C) Convex lense with focal length 5m D) convex lense with focal length 2.5m

6) The process of re-emission of absorbed light in all directions with different intensities by the

atom or molecule is called                                                   [ ]

 A) Scattering of light   B) dispersion of light    C) reflection of light   D) refraction of light

Suggested Experiments

1. Conduct an experiment to produce a rainbow in your class room and explain the procedure.

(AS
3
)

2. Conduct an experiment to find the refractive index of a prism.

3. Conduct an experiment to demonstrate the scattering of the light

 Suggested Projects

1) Prisms are used in binoculars. Collect information why prisms are used in binoculars. (AS
4
)

2) Collect the information about different types of eye defects from your nearest eye specialist

or optical shop  and write a report

3) Collect the information about different types of lenses used in spactacles for convecting eye

defects in your surrounding area and write report.

4) Collect the information about the dispersion phenomenon occurs in the daily life.

S
C
E
R
T, T

E
LA

N
G
A
N
A



223 eÖqeÚ� ¿£qT� ` sÁ+>·T\ ç|�|�+#á+$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

5. çV�²d�Ç <��w¾¼ÔÃ u²<�|�&û e«¿ìïjîTT¿£Ø >·]w�¼ <�ÖsÁ+ 5MT. B�� �y�]+º kÍ<ó�sÁD <��w¾¼ e#ûÌ³T¢ #ûjáÖ\+fñ
�|�jîÖÐ+#áe\d¾q ¿£³¿£+. [ ]

m) 5MT. H�uó�«+ÔásÁ+ >·\ |�Ú{²¿±sÁ ¿£³¿£+ _) 10 MT. H�uó�«+ÔásÁ+ >·\ |�Ú{²¿±sÁ ¿£³¿£+

d¾) 5MT. H�uó�«+ÔásÁ+ >·\ Å£�+uó²¿±sÁ ¿£³¿£+ &�) 2.5MT. H�uó²«+ÔásÁ+ >·\ Å£�+uó²¿±sÁ ¿£³¿£+

6. d�ÖsÁ« ¿±+Ü� XËw¾+#áTÅ£�q� nDTeÚ $$<ó� ¿±+Ü rçeÔá\ÔÃ n�� ~Xø\ýËqÖ ¿±+Ü� $&�T<�\
#ûjáT&��� ................. n+{²s. [ ]

m) ¿±+Ü |�]¹¿�|�D+  _) ¿±+Ü $¹¿�|�D+      d¾) ¿±+Ü |�s�esÁïq+ &�) ¿±+Ü eç¿¡uó�eq+

ç|�jîÖ>±\T

1. MT ÔásÁ>·Ü >·~ýË �+ç<�<ó�qd�TàqT bõ+<û+<�TÅ£� ç|�jîÖ>±�� mý² �sÁÇV¾²kÍïyÃ $e]+|�ÚeTT?

2. |�³¼¿£ eç¿¡uó�eq >·TD¿£eTTqT ¿£qT>=Hû ç|�jîÖ>±�� $e]+#áTeTT.

3. ¿±+Ü |�]¹¿�|�eTTqT #áÖ�| ç|�jîÖ>·eTTqT d�Öº+#áTeTT.

       çbÍCÉÅ£�¼\T

1. ¿=�� uÉÕH�Å£�«\sY\+<�T |�³¼¿±\qT $�jîÖÐkÍïsÁT. uÉÕH�Å£�«\sÁ¢ýË |�³¼¿±\T m+<�TÅ£� $�jîÖÐkÍïsÃ
Ôî*jáTCñ�d d�eÖ#�s��� �d¿£]+#á+&�.

2. MT <�>·Z]ýË� ¿£+{ì &�¿£¼sY ýñ<� ¿£Þøß<�Ý\ cÍ|�Ú qT+&� $$<ó� sÁ¿±\ ¿£+{ì<ÃcÍ\ d�eÖ#�sÁ+ �d¿£]+º
�yû~¿£ s�jáT+&�.

3. MT |�]d�sÁ çbÍ+Ô�\ýË� y�sÁT $$<ó� ¿£Þøß<ÃcÍ\Å£� y�&û ¿£Þøß<�Ý\ýË� ¿£³¿±\ d�eÖ#�sÁ+ �d¿£]+º
�yû~¿£ s�jáT+&�.

4. eTq �Ôá«J$Ôá+ýË ¿±+Ü $¹¿�|�DÅ£� #î+~q d�+<�s�ÒÛ\Å£� d�+�+~ó+ºq d�eÖ#�sÁ+ �d¿£]+º �yû~¿£
s�jáT+&�.
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Structure of Atom6

CHAPTER

You have studied in the previous class about sub-atomic particles like

negatively charged electrons, positively charged protons and electrically

neutral neutrons.

· How do these sub-atomic particles coexist in an electrically neutral

atom?

You have acquired some fundamental ideas about atomic models

suggested by J J Thomson, Ernest Rutherford and Niels Bohr which have

been presented in Class 9.

Activity 1

On the basis of your previous knowledge you prepare a model of an

atom. Present it in your classroom.

· Can you arrange the sub-atomic particles in any other way in an atom?

 (Take the help of your friends, your teacher and the Internet).

Observe your atomic model and the models prepared by your friends

carefully and try to answer the questions.

· Do all atoms have the same sub-atomic particles?

· Why is an atom of one element different from the atoms of other

elements?

· How are the electrons distributed in an atom?

To answer the above questions, we need to understand the nature of

light, coloured flames and their characteristics.
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|�sÁeÖDTeÚýË �TTD²yûXø m\�¿±¼qT\T, <ó�H�yûXø çbþ{²qT\T eT]jáTT Ôá³d��
qÖ«ç{²qT\T nHû �|�|�sÁeÖDT ¿£D²\T �+{²jáT� ¿ì+~ Ôás Á>·ÜýË MTsÁT
Ôî\Td�TÅ£�H��sÁT¿£<�!
· $<�T«ÔY|�sÁ+>± Ôá³d��yîT®q |�sÁeÖDTeÚýË � �|�|��sÁeÖDT ¿£D²\T mý² ¿£*d¾

�+{²sTT?
MTsÁT 9e ÔásÁ>·ÜýË CÉ.CÉ.<̧�eTàH�, sÁÖ<̧�sYb�þsY¦, úýÙà uËsY |�sÁeÖDT qeTÖH�\Å£�

d�+�+~ó+ºq çbÍ<̧�$T¿£ n+Xæ\qT |�]o*+#�sÁT.

¿£�Ôá«+  1
|�sÁeÖDT �s��D+ >·T]+º MTÅ£�>·\ C²ãq+ �<ó�sÁ+>±, ÿ¿£ |�sÁeÖDT qeTÖH�qT

MTsÁT ÔájáÖsÁT#ûjáT+&�, MT ÔásÁ>·ÜýË ç|�<�]ô+#á+&�.
· |�sÁeÖDTeÚýË|�\, �|�|�sÁeÖDT ¿£D²\qT MTsÁT HûsÁTÌÅ£�q� $<ó�+>± ¿±Å£�+&�

eTsÃ$<ó�+>± neTsÁÌ>·\s�? (MT �d�V¾²ÔáT\, �bÍ<ó�«jáTT� eT]jáTT n+Ôás�̈\+
d�V�äjáT+ rd�T¿Ã+&�)
MTsÁT eT]jáTT MT $TçÔáT\T ÔájáÖsÁT #ûd¾q |�sÁeÖDT qeTÖH�\qT �¥Ôá+>±
|�]o*+#á+&�, ¿ì+~ ç|�Xø�\Å£� d�eÖ<ó�H�\T �eÇ&��¿ì ç|�jáTÜ�+#á+&�.

· n�� |�sÁeÖDTeÚ\T ÿ¹¿ �|�|�sÁeÖDT ¿£D²\qT ¿£*Ð �+{²jáÖ?
· ÿ¿£ eTÖ\¿£+ |�sÁeÖDTeÚ yû¹s eTÖ\¿£ |�sÁeÖDTeÚ\ ¿£+fñ m+<�TÅ£� yûsÁT>±

�+³T+~?
· |�sÁeÖDTeÚýË m\�¿±¼qT\T mý² neTsÁÌ�&� �+{²sTT?

�|Õ ç|�Xø�\Å£� d�eÖ<ó�H�*y�Ç\+fñ eTq+ ¿±+Ü d�Çuó²e+, $$<ó� sÁ+>·T\ýË �+&û
¿±+Ü C²Ç\\T, y�{ì \¿£�D²\qT >·T]+º ne>±V�²q #ûd�T¿Ãy�*.

|�sÁeÖDT �s��D+1

n<ó�«jáT+

6

¿£�Ôá«+  1
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6.1 Spectrum

You must have observed the formation of a rainbow.

· How many colours are there in a rainbow?

There are seven colours namely violet, indigo, blue, green, yellow,

orange and red (VIBGYOR) in a rainbow.

You can find the colours spreading continuously and the intensity of

each colour varies from one point to the other.

Wave nature of light

When you throw a stone into a still pond, you observe ripples, which

are transmitting the disturbance in the form of waves on the surface of

water in all directions.

You know that sound waves are produced when something vibrates;

like a drum.

In the same way electromagnetic waves are produced when an electric

charge vibrates (moves back and forth).

A vibrating electric charge creates a change in the electric field. The

change in electric field creates a change in magnetic field.

This process continuous, with both the created fields being

perpendicular to each other and at right angles to the direction of

propagation of the wave.

Visible light is an electromagnetic wave and the speed of light (c) is

3 × 108 m s–1.

6.1.1  Characteristics of electromagnetic wave

Electromagnetic energy travelling through a vaccum behaves in same

way like ocean waves travelling through water. Like ocean waves,

electromagnetic energy is characterized by wavelength (l), and frequency

(u).

Electric field

Direction of wave

Magnetic field

Wave
length

fig-1: An electromagnetic wave
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6.1  esÁ�|�³+ (Spectrum)

�+ç<ó�<ó�qTd�Tà @sÁÎ&�³+ MTsÁT #áÖ�d �+{²sÁT.
· �+ç<ó�<ó�qTd�TàýË m�� sÁ+>·T\T+{²sTT?

�+ç<ó�<ó�qd�TàýË esÁTd�>± }<� (Violet), ú*eT+<�TsÁ+>·T(Indigo), ú\+(Blue),
�Å£�|�#áÌ(Green), |�d�T|�Ú(Yellow), H�]+ÈsÁ+>·T(Orange) eT]jáTT msÁT|�Ú(Red) .
nHû @&�T sÁ+>·T\T (VIBGYOR) �+{²sTT.

ç|�Ü sÁ+>·Ö <�� Ôás�ÇÜ sÁ+>·TÔÃ ¿£*d¾bþsTT n$ºÌÛq+>± >·\ sÁ+>·T\ |�{¡¼
sÁÖ|�+ýË �+&�³+ MTsÁT >·eT�+º �+{²sÁT. ç|�Ü sÁ+>·T rçeÔá ÿ¿£ _+<�TeÚ qT+&�
eTs=¿£ _+<�TeÚÅ£� eÖsÁTÔáÖ �+³T+~.
¿±+Ü ÔásÁ+>· d�Çuó²e+ :(Wave nature of Light)

ÿ¿£ �XøÌ\yîT®q ú{ì¿=\qTýË¿ì s�sTT� $d¾]q|�Ú&�T, n~ |�&�q#Ã³TqT+&� n\\T
@sÁÎ&�³+ MTsÁT >·eT�+º �+{²sÁT. � n\È&�, ú{ì �|�]Ôá\+�|Õ ÔásÁ+>· sÁÖ|�+ýË
n�� ~Xø\ýË ç|�d�]d�Tï+~.
¿£+|¾+#û ç|�Ü ed�TïeÚ <ó�Ç�� �ÔáÎÜï #ûd�Tï+<�� eTqÅ£� Ôî\Td�T. �<�V�²sÁDÅ£�
eT�<�+>±�� yûÞøßÔÃ ¿={ì¼q|�ÚÎ&�T Xø�Ý+ ed�Tï+~ ¿£<�!
n<û$<ó�+>±, ÿ¿£ $<�T«<�yûXø+ ¿£+|¾+ºq|�Ú&�T (eTT+<�T, yîqT¿£Å£� ¿£~*q|�Ú&�T),
$<�T«<�jáTkÍØ+Ôá ÔásÁ+>±\T @sÁÎ&�Ô�sTT.
@<û� $<�T«<�yûXø+ ¿£+|¾d�ÖïeÚ+fñ n~ Ôáq #áT³T¼ �+&û $<�T«ÔY ¹¿�çÔá+ýË eÖsÁTÎ

¿£*Ðd�Tï+~. eÖsÁTÔáTq� � $<�T«ÔY ¹¿�çÔá+, njáTkÍØ+Ôá ¹¿�çÔá+ýË eÖsÁTÎqT Ôîd�Tï+~.
ç|�kÍsÁ ~XøÅ£� \+u+>±, ÿ¿£<��¿=¿£{ì \+� ~XøýË �+&ûý² $<�T«ÔY, njáTkÍØ+Ôá

¹¿�çÔ�\T @sÁÎ&û � ç|�ç¿ìjáT �sÁ+ÔásÁ+>± ¿=qkÍ>·TÔáT+~.
eTq+ #áÖ�d <��>ÃZ#ásÁ ¿±+Ü Å£L&� ÿ¿£ $<�T«<�jáTkÍØ+Ôá ÔásÁ+>·yûT. n+Ôás�Þø+ýË

¿±+Ü yû>·+ (c) $\Te 3 I 108 MT.�d`1.
6.1.1 $<�T«<�jáTkÍØ+Ôá ÔásÁ+>· \¿£�D²\T:

XøSq«+ >·T+&� $<�T«<�jáTkÍØ+Ôá $¿ìsÁD Xø¿ìï ç|�jáÖD+ d�eTTç<�+ýË ú{ìÔásÁ+>±\
ç|�jáÖD²�� bþ* �+³T+~. d�eTTç<� n\\ eÖ~]>±Hû $<�T«<�jáTkÍØ+Ôá Xø¿ìï $¿ìsÁD²��
Å£L&� ÔásÁ+>·<óîÕsÁé«+(l), båq'|�Úq«+ (u) nHû \¿£�D²\ <�Çs� $e]+#áe#áTÌ.

$<�T«ÔY ¹¿�çÔá+

ÔásÁ+>· ç|�jáÖD ~Xø
njáTkÍØ+Ôá ¹¿�çÔá+

ÔásÁ+>· <îÕsÁé«+

 |�³+`1 :$<�T«<�jáTkÍØ+Ôá ÔásÁ+>·+
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The wavelength (l) of the wave is the distance from one crest/trough

to the next. The frequency (u) of a wave is simply the number of crests/

troughs(waves) that pass by a given point per unit time, expressed in units

of reciprocal seconds (1/s or s–1). The relation between these quantities is

given by

lµ 1/u or  c = ul
It is a universal relationship and applies to all waves. As the frequency

increases, the wavelength becomes smaller.

Electromagnetic waves can have a wide variety of frequencies. The

entire range of electromagnetic wave frequencies is known as the

electromagnetic spectrum.

The familiar example of the visible spectrum in  nature is the formation

of a rainbow.

Each colour in a rainbow is characterized by a specified wavelength

from red (higher wavelength) to violet (shorter wavelength). These colours

(wavelengths), that the human naked eye is sensitive to, are called visible

light. The range of wavelengths covering red colour to violet colour is

called the visible spectrum.

6.1.2 Electromagnetic spectrum

Electromagnetic waves can have a wide range of wavelengths. The entire

range of wavelengths is known as the electromagnetic spectrum.

The electromagnetic spectrum consists of a continuous range of

wavelengths from gamma rays at the shorter wavelength to radio waves at

fig-2: Electromagnetic Spectrum

Cosmic
rays g-rays

x-rays

UV IR

Micro
waves

Radio Broadcast
band

Ultraviolet (UV)
rays

Infrared (IR) rays
Visible light

10-12 m

Short wavelength Long wavelength

400 nm 500 nm 600 nm 700 nm

10-9 m
1 nm

10  -6 m
1000 nm

10-3 m
1 mm

100 m
1 m

103 m
1 km

Radar

the longer wavelength. But our eyes are sensitive only to visible light.

· What happens when you heat an iron rod on a flame?

· Do you find any change in colour on heating an iron rod?
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|�³+`2 : $<�T«<�jáTkÍØ+Ôá esÁ�|�³+

¿±d¾�¿ù
¿ìsÁD²\T g-¿ìsÁD²\T

x-¿ìsÁD²\T

UV IR

yîT®ç¿Ã
ÔásÁ+>±\T

¹s&�jîÖ
ÔásÁ+>±\T

ç|�kÍsÁ|�{¡¼

nÜ ú\ýËV¾²Ôá
¿ìsÁD²\T(UV) |�s�sÁTD ¿ìsÁD²\T (IR)<��>ÃZ#ásÁ ¿±+Ü

10-12 m

d�Ö¿£�� ÔásÁ+>·<îÕsÁé«+ bõ&�yî Õq ÔásÁ+>·<î ÕsÁé«+

400 nm 500 nm 600 nm 700 nm

10-9 m
1 nm

10-6 m
1000 nm

10-3 m
1 mm

100 m
1 m

103 m
1 km

s�&�sÁT

ÿ¿£ ÔásÁ+>·+ýË, Âs+&�T esÁTd� Xø�+>±\ eT<ó�« <�ÖsÁ+ ýñ<� Âs+&�T esÁTd� ç<ÃDT\
eT<ó�«<�ÖsÁ+ � ÔásÁ+>·+ jîTT¿£Ø ÔásÁ+>·<óîÕsÁé«+ (l) n+{²+. ÿ¿£ �d¿£qT ¿±\+ýË, ÿ¿£
_+<�TeÚ qT+&� ç|�jáÖDì+ºq ÔásÁ+>±\(Xø�+>±\/ç<ÃDT\) d�+K«qT båq'|�Úq«+  (u)

n+{²s. båq'|�ÚH�«�� 1/�d¿£qT ýñ<� �d¿£H�`1 ç|�eÖD²\ÔÃ d�ÖºkÍï+. ÔásÁ+>·<îÕsÁé«+ (l),
båq'|�Úq«+ (u) eT]jáTT ¿±+Üyû>·+ (c) \ eT<ó�« d�+�+<ó��� ¿ì+~ $<ó�+>± #î|�Îe#áTÌ.

la 1/u ýñ<�  c = ul
�~ ÿ¿£ kÍsÁÇçÜ¿£ d�MT¿£sÁD+ ¿±eÚq n�� sÁ¿±\ ÔásÁ+>±\Å£� �~ e]ïd�Tï+~. ÔásÁ+>·+

jîTT¿£Ø båq'|�Úq«+ �|]Ðq ¿=BÝ <�� ÔásÁ+>· <îÕsÁé«+ Ôá>·TZÔáT+~. $<�T«<�jáTkÍØ+Ôá ÔásÁ+>±\T
$d�ï�Ôá yîÕ$<�«+>·\ båq'|�ÚH�«\ d�eTT<�jáT+. $<�T«<�jáTkÍØ+Ôá ÔásÁ+>±\ yîTTÔáï+ båq'|�ÚH�«\
d�eTT<�jáÖHû� $<�T«<�jáTkÍØ+Ôá esÁ�|�³+ (electromagnetic spectrum) n+{²+.

ç|�¿£�ÜýË <��>ÃZ#ásÁ esÁ�|�{²�¿ì  �+ç<�<ó�qd�Tà @sÁÎ&�³+ ÿ¿£ #á¿£Ø� �<�V�²sÁD.
�+ç<�<ó�qd�TàýË� ç|�r sÁ+>·T ÿ¿£ �]Ýw�¼ ÔásÁ+>·<îÕs�é«�� ¿£*Ð �+³T+~. esÁ� |�³+ýË�
sÁ+>·T\T msÁT|�ÚsÁ+>·T (mÅ£�Øe ÔásÁ+>· <îÕsÁé«+) qT+&� }<� sÁ+>·T (ÔáÅ£�Øe ÔásÁ+>·<îÕsÁé«+)
esÁÅ£� $d�ï]+º �+{²sTT.

eÖqeÚ� ¿£+{ìÔÃ #áÖ&�>·*¹> sÁ+>·T\ (ÔásÁ+>·<îÕs�é«\T) d�eTT<�jáÖ�� <��Xø«¿±+Ü
(visible light)n+{²+. msÁT|�Ú sÁ+>·TqT+&� }<� sÁ+>·T esÁÅ£� eÚq� ÔásÁ+>· <îÕs�é«\
d�eTT<�jáÖ�� <��>ÃZ#ásÁ¿±+Ü esÁ�|�³+ (visible spectrum) n+{²+.

6.1.2  $<�T«<�jáTkÍØ+Ôá esÁ�|�³+ (Electromagnetic spectrum)

$<�T«<�jáTkÍØ+Ôá ÔásÁ+>±\qT $$<ó� ÔásÁ+>·<îÕs�é«\ d�eTT<�jáT+>± #î|�Îe#áTÌ. $<�T«<�jáTkÍØ+Ôá
ÔásÁ+>±\ yîTTÔáï+ ÔásÁ+>·<îÕs�é«\ d�eTT<�jáÖ�� $<�T«<�jáTkÍØ+Ôá esÁ�|�³+ n+{²+.

$<�T«<�jáTkÍØ+Ôá esÁ�|�³+ýË ÔáÅ£�Øe ÔásÁ+>· <îÕsÁé«+ ¿£*Ðq >±eÖ ¿ìsÁD²\ qT+º,
n~ó¿£ ÔásÁ+>· <îÕs�é«\T ¿£*Ðq ¹s&�jîÖ ÔásÁ+>±\T esÁÅ£� eÚ+{²sTT. ¿±� eTq ¿£Þø�ß
<��>ÃZ#ásÁ esÁ�|�³ ÔásÁ+>· <îÕs�é«\qTeÖçÔáyûT >·T]ï+#á>·\T>·TÔ�sTT.

· ÿ¿£ �qT|� ¿£&�¦� yû&� #û�dï @$T ÈsÁT>·TÔáT+~?
· yû&� #ûd�Tïq� ¿=BÝ ¿£&�¦ sÁ+>·TýË @yîÕH� eÖsÁTÎ\T d�+uó�$kÍïjáÖ?
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When you heat an iron rod, some of the heat energy is emitted as

light. First it turns red (lower energy corresponding to higher wavelength)

and as the temperature rises it glows with orange, yellow, blue(higher

energy and of lower wavelength) or even white (all visible wavelengths) if

the temperature is high enough.

· Do you observe any other colour at the same time when one colour is

emitted?

When the temperature is high enough, other colours will also be

emitted, but due to higher intensity of one particular emitted colour

(e.g., red), others cannot be observed.

Max Planck broke with the ‘continuous energy’ tradition of

electromagnetic energy by assuming that the energy is always absorbed or

emitted in multiples of hu;

For example: hu, 2 hu, 3 hu... nhu
That is, the energy for a certain frequency E can be represented by the

equation E = hu, where ‘h’ is Planck’s constant which has the value

6.626 X 10-34Js and ‘u’ is the frequency of the radiation absorbed or

emitted.

The energy (E) for the red colour (higher wavelength or lower

frequency) is lower compared to the energy of blue colour (lower

wavelength or higher frequency). The energy emitted from a material body

increases with increase in temperature.

The significance of Planck’s proposal is that, electromagnetic energy

can be gained or lost in discrete values and not in a continuous manner.

Hence, emission or absorption spectrum of light is a collection of a

group of wavelengths.

· Do you enjoy Deepavali fireworks?

Variety of colours is seen from fireworks.

· How do these colours come from fireworks?

Activity  2

Take a pinch of cupric chloride in a watch glass and make a paste with

concentrated hydrochloric acid. Take this paste on a platinum loop and

introduce it into a non-luminous flame.

· What colour do you observe?

Carry out similar activity with strontium chloride.

Cupric chloride produces a green colour flame while strontium

chloride produces a crimson red flame.

· Do you observe yellow light in street lamps?
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�qT|� ¿£&�¦� yû&� #ûd�Tïq�|�ð&�T n~ ¿=+Ôá Xø¿ìï� ¿±+Ü sÁÖ|�+ýË $&�T<�\ #ûd�Tï+~.
eTT+<�T>± n~ mçsÁ sÁ+>·TýË¿ì (mÅ£�Øe ÔásÁ+>· <îÕsÁé«+, ÔáÅ£�Øe Xø¿ìï) eÖsÁTÔáT+~. yû&�
#ûjáT&�+ ný²¹> ¿=qkÍÐ�dï �cþ�ç>·Ôá �|]¹> ¿=\~ n~ ç¿£eT+>± H�]+ÈsÁ+>·T, |�d�T|�Ú,
ú\+ (ÔáÅ£�Øe ÔásÁ+>·<îÕsÁé«+, mÅ£�ØeXø¿ìï) �+¿± n~ó¿£ �cþ�ç>·Ôá\ e<�Ý �qT|� ¿£&�¦ ç|�¿±Xøe+ÔáyîT®q
<��>ÃZ#ásÁ ÔásÁ+>·<óîÕs�é«\ú� ¿£*d¾ �q� Ôî\T|�Ú sÁ+>·TýË¿ì eÖsÁ&�+ >·eT�+#áe#áTÌ.
· �qT|� ¿£&�¦� yû&�#û�d³|�ÚÎ&�T <�� qT+&� ÿ¿£ sÁ+>·T yî\Te&�TÔáTq� d�eTjáT+ýËHû

eT¹syîÕH� �ÔásÁ sÁ+>·T\T yî\Te&�&��� MTsÁT >·eT�+#�s�?
�qT|� ¿£&�¦ n~ó¿£ �cþ�ç>·Ôá\ e<�Ý �q�|�ð&�T �ÔásÁ sÁ+>·T\T Å£L&� yî\Te&�TÔ�sTT,

¿±� <�� qT+&� yî\Te&û ÿ¿£ �]�w�¼ sÁ+>·T (�<� öö msÁT|�Ú) rçeÔá mÅ£�Øe>± �+&�&�+
e\q $T>·Ô� sÁ+>·T\T ¿£q�&�eÚ.

$<�T«<�jáTkÍØ+ÔáXø¿ìï� »n$ºÌq�Xø¿ìïµ>± qyûT� kÍ+ç|�<�jáT¿£ uó²eqqT �<ó�sÁ+>±
#ûd�TÅ£�� Xø¿ìï XËw�D+ ýñ<� �<�ZsÁ+ m\¢|�ð&�T (hu¿ì )|�Ps��+¿£ >·TDìC²\T>± �+³T+<��
eÖ¿ùà bÍ¢+¿ù ç|�ÜbÍ~+#�&�T.

�<�V�²sÁDÅ£� : hu, 2hu, 3hu . . . nhu
nq>± ÿ¿£ �]�w�¼ båq'|�ÚH�«�¿ì >·\ Xø¿ìï� E = hu d�MT¿£sÁD+ÔÃ d�Öº+#áe#áTÌ.

�+<�TýË, 'h' nHû~ b�Í¢+¿ù d¾�s�+¿£+. B� $\Te 6.626I10`34
Js. eT]jáTT 'u' nHû~

�<�Z]+#á�&�q ýñ<� XËw¾+#á�&�q $¿ìsÁD+ jîTT¿£Ø båq'|�Úq«+.
ú\+sÁ+>·T (ÔáÅ£�Øe ÔásÁ+>·<îÕsÁé«+ ýñ<� mÅ£�Øe båq'|�Úq«+) jîTT¿£Ø Xø¿ìïÔÃ bþ*Ìq|�ð&�T

msÁT|�ÚsÁ+>·T, (n~ó¿£ ÔásÁ+>·<îÕsÁé«+ ýñ<� ÔáÅ£�Øe båq'|�Úq«+) jîTT¿£Ø Xø¿ìï ÔáÅ£�Øe.
n+fñ �cþ�ç>·Ôá �|]Ðq ¿=BÝ ÿ¿£ |�<�sÁ�+ qT+&� yî\Te&û Xø¿ìï �|sÁT>·TÔáT+<�q�eÖ{.
b�Í¢+¿ù d¾<�Æ+Ôá ç|�ÜbÍ<�q\ýË $¥w�¼Ôá @$T³+fñ $<�T«<�jáTkÍØ+Ôá Xø¿ìï XËw�D+ ýñ<�

�<�ZsÁ+ nHû~ n$ºÌÛq� sÁÖ|�+ýË ¿±Å£�+&�, �]Æw�¼ $\Te\T>·\ uó²>±\T>±
�+³T+~.  ¿±�{ì¼,  �<�ZsÁ  ýñ<�  XËw�D  ¿±+Ü  esÁ�|�³+  nHû~  $$<ó� ÔásÁ+>· <îÕs�é«\
d�eTT<�jáT+>± �|s=Øqe#áTÌ.

· BbÍe[H�&�T ³bÍd�T\qT ¿±ý²Ìs�?
y�{ì qT+&� $$<ó� sÁ+>·T\T yî\Te&�³+ MTsÁT >·eT�+#û �+{²sÁT ¿£<�Ö!

· ¿±\TÔáTq� ³bÍd�T\ qT+&� � sÁ+>·T\T mý² @sÁÎ&�Ô�sTT?
¿£�Ôá«+  2

º{ìÂ¿&�T Å£L«ç|¾¿ù ¿Ã¢ÂsÕ&�qT y�#Y >±¢dtýË rd�T¿=�, >±&ó� �VÕ²ç&Ã¿Ã¢]¿ù �eT¢+qT
¿£*|¾ eTT<�Ýý² #ûjáT+&�. ÿ¿£ bÍ¢{ìq+ r>· ºesÁqT ]+>·Tý² eT&�º \Ö|tý²>±#ûd¾
<���|Õ eTT<�Ý� rd�TÅ£�� d�q�� C²Ç\�|Õ �|³¼+&�.
· MTsÁT @ sÁ+>·TqT >·eT�+#�sÁT?

�<û ¿£�Ô�«�� �kÍ¼�üjáT+ ¿Ã¢ÂsÕ&�ÔÃ #îjáT«+&�.
Å£L«ç|¾¿ù ¿Ã¢ÂsÕ&� �Å£�|�#áÌsÁ+>·T eT+³� �d�Tï+~. �kÍ¼�üjáT+ ¿Ã¢ÂsÕ&� msÁT|�Ú sÁ+>·T

eT+³� �d�Tï+~.
· |�d�T|�ÚsÁ+>·TýË yî\T>·TÔáTq� M~ó BbÍ\qT MTsÁT #áÖXæs�?

¿£�Ôá«+  2
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Sodium vapours produce yellow light in street lamps.

·  Why do different elements emit different flame colours when heated by

the same non-luminous flame?

Scientists found that each element emits its own characteristic colour.

These colours correspond to certain discrete wavelengths of light and are

called line spectra.

The lines in atomic spectra can be used to identify unknown atoms,

just like fingerprints are used to identify people.

6.2 Bohr’s model of hydrogen atom and its limitations

Niels Bhor proposed an atomic model based on hydrogen atomic

spectrum.

· What does a line spectrum of

hydrogen atom tell us about the

structure of an atom?

Postulates of Niels Bohr :

Electrons in an atom occupy

‘stationary’ orbits (states) of fixed

energy at different distances from

the nucleus.

When an electron ‘jumps’ from

a lower energy state (ground state) to higher energy state (excited state) it

absorbs energy or emits energy when such a jump occurs from a higher

energy state   to a lower energy state.

The energies of an electron in an atom can have only certain values

E
1
, E

2
, E

3
 ……; that is, the energy is quantized. The states corresponding

to these energies are called stationary states and the possible values of

the energy are called energy levels.

fig-3: Hydrogen Spectrum

Niels Henrik David Bohr was a Danish  physicist

 who made foundational contributions to understanding

 atomic structure and quantum theory, for which he

received the Nobel Prize in Physics in 1922. Bohr was

also a philosopher and a promoter.
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M~ó BbÍ\ýË� kþ&�jáT+ �$sÁT\T |�d�T|�ÚsÁ+>·TqT �ÔáÎÜï #ûjáT&�+ eTÖ\+>± M~ó
BbÍ\T |�d�T|�ÚsÁ+>·TýË yî\T>·TÔ�sTT.

· $$<ó� eTÖ\¿±\T ÿ¹¿ sÁ¿£yîT®q C²Ç\�|Õ eT+&�TÔáTq�|�ð&�T yû¹sÇsÁT sÁ+>·T\T
@sÁÎ&�{²�¿ì ¿±sÁD+ @$T{ì?
ç|�r eTÖ\¿£+ Ôáq<îÕq ÿ¿£ $\¿£�DyîT®q sÁ+>·TqT �<�ZsÁ+ #ûd�Tï+<�� Xæ�d�ïyûÔáï\T

>·T]ï+#�sÁT. � sÁ+>·T\T ¿±+Ü jîTT¿£Ø �]Æw�¼ ÔásÁ+>· <îÕs�é«\Å£� nqTsÁÖ|�¿£+>± eÚ+{²sTT
¿±�{ì¼ �³Te+{ì esÁ�|�{²�� ¹sU² esÁ�|�³+ n+{²+.

yû*eTTç<�\qT �{ì¼ eTqTw�§\qT >·T]ï+ºq³T¢>±Hû |�sÁeÖDT esÁ�|�{²ýË¢� ¹sK\qT
�{ì¼ �jáÖ |�sÁeÖDTeÚ\qT  Ôû*¿£>±  >·T]ï+#áe#áTÌ.

6.2 uËsY �VÕ²ç&ÃÈH� |�sÁeÖDT qeTÖH� ` <�� |�]$TÔáT\T
(Bohr’s model of hydrogen atom and its limitations)

�VÕ²ç&ÃÈH� |�sÁeÖDTesÁ�|�{²�� �<ó�sÁ+ #ûd�TÅ£�� úýÙàuËsY ÿ¿£ |�sÁeTDT
qeTÖH�qT ç|�ÜbÍ~+#�&�T.

 ·  �VÕ²ç&ÃÈH� ¹sU² esÁ�|�³+ |�sÁeÖDT
�s��D+ >·T]+º eTqÅ£� @+ Ôî\T|�ÚÔáT+~?

uËsY ç|�ÜbÍ<�q\T : |�sÁeÖDTeÚýË
m\�¿±¼qT\T, ¹¿+ç<�¿£+ qT+&� �]Æw� ¼
<�Ös�\ýË �q� �jáT$TÔá Xø¿ìï kÍ�sTT\ýË
ýñ<� d¾�sÁ ¿£sÁÎs�\ýË eÚ+{²sTT.

m\ç¿±¼H� ÔáÅ£�Øe Xø¿ìï kÍ�sTT (uó�ÖkÍ�sTT)
qT+&� mÅ£�Øe Xø¿ìïkÍ�sTT (�Ôûï�Ôá kÍ�sTT)ýË¿ì #û]q|�ð&�T Xø¿ìï� ç>·V¾²d�Tï+~. n<û$<ó�+>±
mÅ£�Øe Xø¿ìï kÍ�sTT qT+&� ÔáÅ£�Øe Xø¿ìï kÍ�sTT¿ì <�Ö¿ìq|�ð&�T Xø¿ìï� $&�T<�\ #ûd�Tï+~.
|�sÁeÖDTeÚýË >·\ m\�¿±¼qT\Å£� �]Ýw�¼yîT®q Xø¿ìï $\Te\T �+{²sTT.

n$ E
1
, E

2
  E

3
 n+fñ m\�¿±¼qT\ Xø¿ìï ¿±Ç+{¡¿£sÁD+ #î+<� �+³T+<�q�eÖ³. �

XøÅ£�ï\Å£� d�+�+~ó+ºq kÍ�sTT\qT d¾�sÁkÍ�sTT\T (Stationary states) n�, M{ìÅ£�+&û
Xø¿ìï$\Te\qT Xø¿ìïkÍ�sTT\T (energy levels) n� n+{²+.

|�³+`3 : �VÕ²ç&ÃÈH� esÁ�|�³+

úýÙà �V²ç�¿ù &û$&� uËsY, �ÔáqT ÿ¿£ &��wt uó�Ü¿£ Xæ�d�ïyûÔáï.|�sÁeÖDT
�s��D+ eT]jáTT ¿±Ç+³+ d¾<�Æ+Ôá+ >·T]+ºq çbÍ<̧�$T¿£ ne>±V�²qqT
¿£*Î+ºH�&�T. n+<�TÅ£�>±qT 1922 d�+ööýË uó�Ü¿£ Xæ�d�ï+ýË HÃuÉýÙ
|�ÚsÁkÍØsÁ+ n+<�TÅ£�H��&�T.

uËsY ÿ¿£ ÔáÔáïÇyûÔáï eT]jáTT kÍ+¹¿Ü¿£ |�]XË<ó�qqT eTT+<�TÅ£�
q&�|¾+ºq e«Å£�ï\ýË eTTKT«&�T.
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The lowest energy state of the electron is known as ground state.

The electron moves to a higher energy level i.e. to the excited state by

gaining energy.

· Does the electron retain the absorved energy forever?

The electron does not stay in the excited level for long.

The electron loses the energy and comes back to its ground state. The

energy emitted by the electron is seen in the form of electromagnetic

energy of specific warelength and when the wavelength is in the visible

region it is visible as an emission line.

Bohr’s model explains all the line spectra observed in the case of

hydrogen atom. It is a successful model as far as line spectra of hydrogen

atom is concerned.

But the line spectrum of hydrogen atom when observed through a high

resolution spectroscope appears as groups of finer lines.

· Did Bohr’s model account for the splitting of line spectra of a hydrogen

atom into finer lines?

Bohr’s model failed to account for splitting of line spectra.

6.3  Bohr-Sommerfeld model of an atom

In an attempt to account for the structure (splitting) of line spectra

known as fine spectra, Sommerfeld modified Bohr’s atomic model by

adding elliptical orbits. While retaining the first of Bohr’s circular orbit

as such, he added one elliptical orbit to Bohr’s second orbit, two elliptical

orbits to Bohr’s third orbit, etc., such that the nucleus of the atom lies at

one of the principal foci of these elliptical orbits. He was guided by the

fact that, in general, periodic motion under the influence of a central force

will lead to elliptical orbits with the nucleus situated at one of the foci.

fig-4: The allowed electronic orbits for the main Quantum numbers by Bohr - Sommerfeld model
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m\�¿±¼H� jîTT¿£Ø çbÍ<̧�$T¿£ Xø¿ìïkÍ�sTT� uó�ÖkÍ�sTT (ground state) n� n+{²s.
m\�¿±¼H� Xø¿ìï� ç>·V¾²+ºq|�Ú&�T  n~ mÅ£�Øe Xø¿ìïkÍ�sTT¿ì #ûsÁTÔáT+~. n|�ð&�T m\�¿±¼H�qT

�Ôûï�Ôá kÍ�sTTýË �+<��� n+{²+.
· m\�¿±¼H� Ô�qT ç>·V¾²+ºq Xø¿ìï� m\¢|�Î{ì¿¡ ný²¹> �\T|�ÚÅ£�� eÚ+³T+<�?

m\�¿±¼H� �Ôûï�Ôá kÍ�sTT(Excited state)ýË mÅ£�Øe¿±\+ �+&�ýñ<�T. n~ Xø¿ìï�
¿ÃýËÎsTT Ü]Ð uó �ÖkÍ�sTT¿ì #ûs ÁTÅ£�+³T+~. �ý² m\ç¿±¼H� ¿ÃýËÎsTTq Xø¿ì ï ï
$<�T«<�jáTkÍØ+Ôá Xø¿ìï sÁÖ|�+ýË $&�T<�\eÚÔáT+~. �~ �]Ýw�¼ ÔásÁ+>· <îÕs�é«�� ¿£*Ð
�+³T+~. � ÔásÁ+>·<óîÕsÁé«+ <��>ÃZ#ásÁ esÁ�|�³ ÔásÁ+>·<óîÕsÁé« ne~óýË �+fñ n~ esÁ�|�³+ýË
�<�ZsÁ ¹sK (emission line)>± ¿£�|¾d�Tï+~.

uËsY qeTÖH�, �VÕ²ç&ÃÈH� esÁ�|�³+ýË ¿£�|¾+#û ¹sK\qT>·T]+º $e]+#á>·*Ð+~.
�VÕ²ç&ÃÈH� |�sÁeÖDTeÚÅ£� d�+�+~ó+ºq ¹sU²esÁ�|�{²�� $e]+#áT³Å£� uËsY qeTÖH�
qT ÿ¿£ $ÈjáTe+ÔáyîT®q qeTÖH�>± �|s=Øqe#áTÌ.

nsTTÔû �VÕ²ç&ÃÈH� ¹sU² esÁ�|�{²�� n~ó¿£ kÍeTsÁ�«+>·\ esÁ�|�³<�]ô� (Spectro-

scope) ÔÃ  |�]o*+ºq|�Ú&�T ¿=�� �|�¹sK\ d�eTÖV�ä\T ¿£�|¾+#�sTT.
· uËsY |�sÁeÖDT qeTÖH�, ¹sU² esÁ�|�³+ýË� ¹sK\T ¿=�� �|�¹sK\T>± $&�bþe{²��

$e]+#á >·*Ð+<�?
 ¹sU² esÁ�|�³+ýË� ¹sK\T ¿=�� �|�¹sK\T>± $&�bþe{²�� uËsY qeTÖH� $e]+#á ýñ¿£bþsTT+~.

6.3 uËsỲ kþeTsY�|�ýÙ¦ |�sÁeÖDT qeTÖH�

¹sU² esÁ�|�³+ýË� ¹sK\T �|�¹sK\T (finer lines)>± $&�bþe{²�� $XøB¿£]+#û+<�TÅ£�
kþeTsY�|�ýÙ¦, uËsY qeTÖH�� d�Ç\Î+>± �<ó�Tú¿£]+ºH�&�T. nÔáqT BsÁée�Ô�ï¿±sÁ ¿£¿£�« nHû
uó²eqqT ç|�yûXø�|{ì¼H�&�T.

uËsY ç|�ÜbÍ~+ºq e�Ô�ï¿±sÁ ¿£¿£�«qT ný²¹> eÚ+#áTÔáÖ, �ÔáqT Âs+&�e ¿£¿£�«¿ì ÿ¿£
BsÁée�Ô�ï¿±sÁ ¿£¿£�«�,  eTÖ&�e ¿£¿£�«Å£� Âs+&�T BsÁée�Ô�ï¿±sÁ ¿£¿£�«\qT ¿£\T|�ÚÔáÖ, |�sÁeÖDTeÚ
¹¿+ç<�¿£+ � BsÁée�Ô�ï¿±sÁ ¿£¿£�« jîTT¿£Ø Âs+&�T ç|�<ó�qH�_ó\ýË ÿ¿£<���|Õ  �+³T+<��
ç|�ÜbÍ~+#�&�T. ÿ¿£ ¹¿+ç<��\+ jîTT¿£Ø ç|�uó²y��¿ìýËHîÕ �esÁïq #á\q+ýË �q� ¿£D+
BsÁée�Ô�ï¿±sÁ¿£¿£�«\ @s�Î³TÅ£� <�]rd�Tï+<�Hû $w�jáT+ nÔáqT � ç|�ÜbÍ<�q #ûjáT&��¿ì
<�]rd¾+~.

|�³+`4 : ç|�<ó�q ¿±Ç+³+ d�+K«\Å£� nqTeTÜ+#á�&�q m\ç¿±¼H� ¿£¿£�\ uËsỲ kþeTsY�|�ýÙ¦ qeTÖH�

l=0
l=1

l=0

l=2

l=1

l=0

l=3

l=2

l=1

l=0

n=1 n=2 n=3 n=4
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Bohr-Sommerfeld model, though successful in accounting for the fine

line structure of hydrogen atomic spectra, does not provide a satisfactory

picture of the structure of atom in general.  This model failed to account

for the atomic spectra of atoms of more than one electron.

· Why is the electron in an atom restricted to revolve around the nucleus

in stationary orbits located at certain fixed distances?

6.4 Quantum mechanical model of an atom

· Do the electrons follow defined paths around the nucleus?

If the electron revolves around the nucleus in defined paths or orbits,

the exact position of the electron at various times will be known. For that

we have to answer two questions:

· What is the velocity of the electron?

· Is it possible to find the exact position of the electron?

Electrons are invisible to naked eye. Then, how do you find the position

and velocity of an electron?

To find articles during dark nights we take the help of torchlight.

Similarly, we can take the help of suitable light to find the position and

velocity of electron. As the electrons are very small, light of very short

wavelength is required for this task.

This short wavelength light interacts with the electron and disturbs the

motion of the electron. Hence, simultaneously the position and velocity

of electron cannot be measured accurately.

From the above discussion, it is clear that electrons do not follow

definite paths in an atom.

Do atoms have a definite boundary, as suggested by Bohr’s model?

If the electrons are not distributed in orbits around the nucleus this

Max Karl Ernst Ludwig Planck was a  German 

theoretical physicist who originated quantum theory, which

won him the Nobel Prize in Physics in 1918. Planck made

many contributions to theoretical physics, but his fame rests

primarily on his role as originator of the quantum theory.

This theory revolutionized human understanding of atomic

and subatomic processes.
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uËsỲ kþeTsY�|�ýÙ¦ qeTÖH� �VÕ²ç&ÃÈH� |�sÁeÖDT esÁ�|�³+ýË� d�Ö¿£��¹sK\qT (finer

lines) >·T]+º $e]+#á>·*Ðq|�Î{ì¿ì, |�sÁeÖDT �s��D+ >·T]+º d�+Ôá�|¾ï¿£sÁ+>±
$e]+#áýñ¿£bþsTT+~. ÿ¿£{ì ¿£H�� mÅ£�Øe m\ç¿±¼H�\Tq� |�sÁeÖDTeÚ\ jîTT¿£Ø |�sÁeÖDT
esÁ�|�{²\qT $e]+#á³+ýË � qeTÖH� $|��\yîT®q~.
· ÿ¿£ |�sÁeÖDTeÚýË� ¹¿+ç<�¿£+ #áT³Ö¼ �jáT$TÔá <�Ös�ýË¢ �+&û d¾�sÁ¿£¿£�«\ýËHû

m\ç¿±¼H�\T |�]çuó�$Td�Öï �+{²sTT? m+<�TÅ£�?

6.4 ¿±Ç+³+ jáÖ+çÜ¿£ |�sÁeÖDT qeTÖH�
· ¹¿+ç<�¿£+ #áT³Ö¼ m\�¿±¼qT\T m\¢|�ÚÎ&�Ö �]Ýw�¼ eÖs�ZýË¢ ÜsÁT>·TÔáÖ eÚ+{²jáÖ?

¹¿+ç<�+¿£+ #áT³Ö¼>·\ �]Ýw�¼ eÖs�Z\ýË ýñ<� ¿£¿£�«\ýË m\ç¿±¼H�\T |�]çuó�$Td�Öï
�q�³¢sTTÔû �jáT$TÔá ¿±\ e«e<ó�T\ýË m\ç¿±¼H�\ KºÌÔáyîT®q kÍ�H��� Ôî\Td�T¿Ãe#áTÌ.
n~ Ôî\Td�T¿Ãy�\+fñ eTqÅ£� eTT+<�T Âs+&�T ç|�Xø�\Å£� d�eÖ<ó�q+ Ôî*jáÖ*.
· m\�¿±¼qT jîTT¿£Ø yû>·+ m+Ôá?
· m\�¿±¼qT jîTT¿£Ø KºÌÔáyîT®q kÍ�H��� ¿£qT¿ÃØe&�+ kÍ<ó�«yûTH�?

m\�¿±¼qT\T ¿£+{ì¿ì ¿£�|¾+#áeÚ eT] m\�¿±¼qT\ yû>±��, kÍ�H��� ¿£qT¿ÃØe&�+ mý²?
ºeT� N¿£{ìýË ed�TïeÚ\qT yîÔá¿£&��¿ì eTq+ {²]ÌýÉÕ{Ù d�V�äjáÖ�� rd�TÅ£�+{²+.

ný²¹>, m\�¿±¼qT kÍ�H���, yû>±�� ¿£qT¿ÃØe&��¿ì Å£L&� ÔáÐq ¿±+Ü d�V�äjáÖHû�
rd�T¿Ãe#áTÌ. m\�¿±¼qT\T nÔá«+Ôá d�Ö¿£��yîT®q$ ¿±�{ì¼, nÜ ÔáÅ£�Øe ÔásÁ+>·<îÕsÁé«+ >·\
¿±+ÜHû � |��¿Ãd�+ y�&�¿Ãe\d¾ �+³T+~.

� ÔáÅ£�Øe ÔásÁ+>·<îÕsÁé«+ >·\ ¿±+Ü m\�¿±¼qT� Ô�¿ìq|�Ú&�T n~ m\�¿±¼H� #á\H���
ç|�uó²$Ôá+ #ûd¾ <�� #á\q+ýË eÖsÁTÎ� ¿£\T>·#ûd�Tï+~. n+<�Te\¢ m\�¿±¼H� kÍ�H���
>±ú, yû>±�� >±ú KºÌÔá+>± ÿ¹¿kÍ] ¿£qT¿ÃØýñ+.

¿±�{ì¼ �|Õ $w�jáÖ\ �<ó�sÁ+>±,  |�sÁeÖDTeÚýË  m\�¿±¼H�\T �]Æw�¼yîT®q eÖsÁZ+ýË
ÜsÁ>·eÚ n� Ôî\Td�Tï+~.
· uËsY qeTÖH� ç|�ÜbÍ~+ºq³T¢, |�sÁeÖDTeÚ\¿ì �]Ýw�¼yîT®q d�]V�²<�TÝ n+³Ö eÚ+³T+<�?

m\�¿±¼H�\T ¹¿+ç<�¿£+ #áT³Ö¼ �]Ýw�¼yîT®q eÖs�Z\qT nqTd�]+#áeÚ ¿±�{ì¼, |�sÁeÖDTeÚÅ£�

eÖ«¿ùà ¿±sY¢ mÂs�dt¼ \T&�Ç>́ b�Í¢+¿ù  �ÔáqT ÈsÁ�H� <ûXø �dÕ<�Æ+Ü¿£
uó�Ü¿£Xæ�d�ïyûÔáï, ¿±Ç+³+ d¾<�Æ+Ôá+ sÁÖ|�¿£sÁï.  B�¿ì>±qT uó�Ü¿£ Xæ�d�ï
$uó²>·+ýË 1918 d�+ööýË HÃuÉýÙ |�ÚsÁkÍØsÁ+ bõ+<�&�T. �dÕ<�Æ+Ü¿£
uó�Ü¿£Xæ�d�ï n_óe�~Æ¿ì b�Í¢+¿ù #�ý² d�V�äjáT|�&�¦&�T. ¿±� »¿±Ç+³+
d¾<�Æ+Ôá+µµ sÁÖ|�¿£sÁï>±Hû mÅ£�Øe >·T]ï+|�ÚqT bõ+<�&�T. |�sÁeÖDT eT]jáTT
�|�|�sÁeÖDT �s��D²\qT >·T]+º Ôî\Td�T¿=qT³Å£� � d¾<�Æ+Ôá+
m+Ôá>±HÃ ÔÃ&�Î&�TÔáT+~.
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means that an atom does not have a definite boundary.)  As a result, it is not

possible to pinpoint an electron in an atom.

Under these circumstances in order to understand the properties of

electrons in an atom, a quantum mechanical model of atom was developed

by Erwin Schrodinger.

According to this model of an atom, instead of orbits of Bohr’s model,

the electrons are thought to exist in a particular region of space around

the nucleus at a given instant of time

· What do we call the region of space where the electron might be, at a

given time?

The region of space around the nucleus where the probability of finding

the electron is maximum is called an orbital.

In a given space around the nucleus, only certain orbitals can exist.

Each orbital of a stable energy state for the electron is described by a

particular set of quantum numbers.

6.5 Quantum numbers

Each electron in an atom is described by a set of three numbers n, l, and

m
l
 .These numbers are called quantum numbers. These numbers indicate

the probability of finding the electron in the space around the nucleus.

· What information do the quantum numbers provide?

The quantum numbers describe the space around the nucleus where

the electrons are found and also their energies.

· What does each quantum number signify?

6.5.1 Principal Quantum Number (n)

The principal quantum number is related to the size and energy of the

main shell.

‘n’ has positive integer values of 1, 2, 3,…

As ‘n’ increases, the shells become larger and the electrons in those

shells are farther from the nucleus.

An increase in ‘n’ also means higher energy. n = 1, 2, 3, ...  are often

represented by the letters K, L, M… For each ‘n’ value there is one main shell.

  Shell K L M N

      n 1 2 3 4

6.5.2 The angular - momentum quantum number (l)

This quantum number is represented by a letter ‘l’.

‘l’ has integer values from 0 to n-1 for each value of ‘n’. Each ‘l’ value

represents one sub-shell.
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� �̄ÔáyîT®q d�]V�²<�TÝ n+³Ö @MT eÚ+&�<�T. ¿±�{ì¼ |�sÁeÖDTeÚýË m\�¿±¼H� KºÌÔá+>±
m¿£Ø&� eÚ+³T+<Ã #î|�Î³+ nkÍ<ó�«+.

� |�]d¾�ÔáT\ýË, |�sÁeÖDTeÚýË� m\�¿±¼qT\ <ó�s��\qT, nsÁÆ+ #ûd�T¿Ãe&��¿ì �]ÇH�
çcþ&�+>·sY (Erwin Schrodinger) ¿±Ç+³+ jáÖ+çÜ¿£ |�sÁeÖDT qeTÖH�qT ç|�ÜbÍ~+#�&�T.

� |�sÁeÖDT qeTÖH� ç|�¿±sÁ+, uËsY qeTÖH�ýË� ¿£¿£�«\Å£� �<�T\T>±, ÿ¿£ �]Ýw�¼
d�eTjáT+ýË m\�¿±¼qT\T, |�sÁeÖDTeÚýË ¹¿+ç<�¿£+ #áT³Ö¼ �¯�Ôá çbÍ+Ôá+ýË n~ó¿£+>±
eÚ+{²sTT n� #î|�Îe#áTÌ.
· ÿ¿£ �]Ýw�¼ d�eTjáT+ýË m\ç¿±¼H�\T �+&û � çbÍ+Ô��� @eT� |¾\ee#áTÌ?

|�sÁeÖDT ¹¿+ç<�¿£+ #áT³Ö¼ m\�¿±¼H�qT ¿£qT>=q >·*¹> d�+uó²e«Ôá (probability) @
çbÍ+Ôá+ýË nsTTÔû n~ó¿£+>± eÚ+³T+<Ã � çbÍ+Ô��� �]Ò{²ýÙ (Orbital) n+{²s.

¹¿+ç<�¿£+ #áT³Ö¼ eÚq� çbÍ+Ôá+ýË ¹¿e\+ ¿=�� �]Ò{²Þø�ß eÖçÔáyûT �+{²sTT. ÿ¹¿
Xø¿ìïkÍ�sTT\Å£� #î+~q �]Ò{²Þøß >·T]+º ¿±Ç+³+ d�+K«\ �<ó�sÁ+>± Ôî\Td�T¿Ãe#áTÌ.
6.5 ¿±Ç+³+ d�+K«\T

|�sÁeÖDTeÚýË� ç|�Ü m\�¿±¼H�qT  n, l,  m
l
 nHû eTÖ&�T d�+K«\ d�$TÔáT\ÔÃ

d�ÖºkÍïsÁT. � d�+K«\Hû ¿±Ç+³+ d�+K«\T n+{²+. |�sÁeÖDTeÚýË, ¹¿+ç<�¿£+ #áT³Ö¼
�+&û ç|�<ûXø+ýË m\�¿±¼H�qT ¿£qT>=Hû d�+uó²e«ÔáqT � d�+K«\T d�ÖºkÍïsTT.
· ¿±Ç+³+ d�+K«\ e\¢ eTq+ @+ d�eÖ#�sÁ+ bõ+<�>·\+?

¿±Ç+³+ d�+K«\T |�sÁeÖDT ¹¿+ç<�¿£+ #áT³Ö¼ m\ç¿±¼H�\T �q� çbÍ+Ôá+ >·T]+º
eT]jáTT y�� XøÅ£�ï\ >·T]+ºq d�eT#�s��� Ôî\T|�ÚÔ�sTT.
· ÿ¿=Ø¿£Ø ¿±Ç+³+ d�+K« <û�� e«¿£ï|�sÁTd�Tï+~?
6.5.1   ç|�<ó�q ¿±Ç+³+ d�+K« (Principal Quantum Number (n))

ç|�<ó�q¿±Ç+³+ d�+K« �]Ò{Ù ýñ<� ç|�<ó�q ¿£sÁÎsÁ |�]eÖD+, <�� Xø¿ìï� >·T]+º
Ôî\TÎÔáT+~.B�� »nµ ÔÃ d�ÖºkÍïs.

ç|�<ó�q¿±Ç+³+ d�+K« (n) (n = 1,2,3,....... ) <ó �q|�Ps��+¿£ $\Te\qT
¿£*Ð �+³T+~. n $\Te �|]¹>¿=\~, �]Ò{²ýÙ |�]eÖD+ �|sÁT>·TÔáÖ �+³T+~.
ný²¹> n+<�TýË� m\�¿±¼H�\Å£� ¹¿+ç<�¿±�¿ì eT<ó�« <�ÖsÁ+ Å£L&� �|sÁT>·TÔáT+~.

n $\TeýË �|sÁT>·T<�\ Xø¿ìï kÍ�sTTýË �|sÁT>·T<�\qT d�Öºd�Tï+~.
n = 1, 2, 3........ $\Te\T >·\ kÍ�sTT\qT K, L, M ....\ÔÃ Å£L&� d�ÖºkÍïsÁT.

ç|�Ü 'n' $\TeÅ£� ÿ¿£ ç|�<ó�q ¿£sÁÎsÁ+ eÚ+³T+~.
  ¿£sÁÎsÁ+ K L M N

      n 1 2 3 4

6.5.2  ¿ÃD¡jáT ç<�e«yû>· ¿±Ç+³+d�+K«(l)
� ¿±Ç+³+ d�+K«qT »lµ nHû n¿£�sÁ+ÔÃ d�ÖºkÍï+.
 ç|�<ó�q ¿±Ç+³+ d�+K« (n) $\TeÅ£� ¿ÃD¡jáT ç<�e«yû>· ¿±Ç+³+ d�+K« l $\Te\T,

0 qT+º (n–1) esÁÅ£� �+{²sTT.
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Table-1

l Sub- Number of

shell degenerated

orbitals

0 s

1 p

2 d

3 f

Each value of ‘l’ is related to the shape of a particular sub-shell in the

space around the nucleus.

The value of ‘l’ for a particular sub-shell is generally designated by the

letters s, p, d . . . as follows:

     l 0 1 2 3

Name of the sub-shell  s p d f

When n = 1, there is only one sub-shell with l = 0. This is designated

as ‘1s’ orbital.

When n = 2, there are two sub-shells, with l = 0, the ‘2s’ sub-shell and

with l = 1, the ‘2p’ sub-shell.

· What is the maximum value of ‘l’ for n=3?

· How many values can ‘l’ have for n = 4? and what are sub shells.

6.5.3 The magnetic quantum number (m
l
)

The magnetic quantum number (m
l
) has integer values between -l and

l, including zero. Thus for a certain value of l, there are (2l +1) integer

values of m
l
 as follows:

-l, (-l+1) . . ., –1, 0, 1, . . . (+l - 1), +l

These values describe the spatial orientation of the orbital in space

relative to the other orbitals in the atom.

When l = 0, (2l+ 1) = 1 and there is only one

value of m
l
, thus we have only one orbital i.e., 1s.

When l= 1, (2l+ 1) = 3, that means m
l 
has

three values, namely, -1, 0, and 1 or three p

orbitals, with different orientations along x, y, z

axes. These are labelled as p
x
, p

y
, and p

z
.

· Do these three p-orbitals have the same

energy?

The number of ‘m
l
’ values indicates the number of orbitals in a sub-

shell with a particular l value. Orbitals in the sub-shell belonging to the

same shell possess same energy. These are called degenerated orbitals.

Fill the table-1 with the number of degenerated orbitals per sub-shell

using (2l+1) rule.

S
C
E
R
T, T

E
LA

N
G
A
N
A



241 |�sÁeÖDT � s��D+$<�«sÁTÆ\ $¿±kÍ�¿ì ç|�uó�TÔáÇ ¿±qT¿£

|�{ì¼¿£-1
l �|�¿£sÁÎsÁ+     d�eTXø¿ìï

�]Ò{²Þøß d�+K«
0 s

1 p

2 d

3 f

ç|�Ü 'l' $\Te ÿ¿£ �|�¿£sÁÎs��� d�Öºd�Tï+~.
ç|�Ü 'l' $\Te ¹¿+ç<�¿£+ #áT³Ö¼ �q� çbÍ+Ôá+ýË �+&û ÿ¿£ �]Ýw�¼ �|�¿£sÁÎsÁ+ �¿£�Ü�

>·T]+º Ôî\T|�ÚÔáT+~.
�|�¿£sÁÎs�\Å£� d�+�+~ó+ºq l $\Te\qT kÍ<ó�sÁD+>± s, p, d...  d�+¹¿Ô�\ÔÃ

d�ÖºkÍïsÁT.
     l 0 1 2 3

�|�¿£sÁÎsÁ+�|sÁT  s p d f

n = 1 nsTTq|�Ú&�T l = 0 ÔÃ 1s   nHû ÿ¹¿ ÿ¿£ �|�¿£sÁÎsÁ+ �+³T+~.
n = 2 nsTTq|�ð&�T l =  0 ÔÃ 2s nHû ÿ¿£ �|� ¿£sÁÎsÁ+Ñ ný²¹> l = 1ÔÃ 2p nHû eTs=¿£

�|�¿£sÁÎsÁ+ ¿£\d¾ yîTTÔáï+ Âs+&�T �|�¿£sÁÎs�\T �+{²sTT.
· n = 3 nsTTÔû l jîTT¿£Ø >·]w�÷ $\Te m+Ôá? @@ �|�¿£sÁÎs�\T �+{²sTT?
· n = 4 nsTTq|�ð&�T l ¿ì m�� $\Te\T �+{²sTT? @@ �|�¿£sÁÎs�\T �+{²sTT?
6.5.3  njáTkÍØ+Ôá ¿±Ç+³+ d�+K« (m

l
)

njáTkÍØ+Ôá ¿±Ç+³+ d�+K«qT qT m
l
 ÔÃ d�ÖºkÍï+.

njáTkÍØ+Ôá ¿±Ç+³+ d�+K« m
l
 0 ÔÃ ¿£*|¾ -l qT+º +l  eT<ó�« |�Ps��+¿£ $\Te\qT

¿£*Ð �+³T+~. nq>± ÿ¿£ �]Ýw�¼ l $\Te\Å£� njáTkÍØ+Ôá ¿±Ç+³+ d�+K« m
l
 (2l + 1)

$\Te\qT ¿£*Ð �+³T+~. y�{ì� ¿ì+~ $<ó�+>± d�Öº+#áe#áTÌ.
-l, (-l+1) . . ., –1, 0, 1, . . . (+l - 1), +l

�~ |�sÁeÖDTeÚýË >·\ �]Ò{²Þøß çbÍ<û¥¿£ ~ÐÇH�«kÍ�� (Spatial Orientation)

Ôî\TÎÔáT+~. � ¿±Ç+³+ d�+K« jîTT¿£Ø $\Te\T, |�sÁeÖDTeÚýË ÿ¿£ �]Ò{²ýÙ yûs=¿£
�]Ò{²ýÙÔÃ bþ*Ìq|�Ú&�T çbÍ<û¥¿£+>± @ $<ó�+>± neTsÁÌ�&� �q�~  nHû $w�jáÖ��
Ôî*jáTCñd�Tï+~.

l = 0 nsTTÔû, (2l + 1) = 1 neÚÔáT+~. m
l
 ÿ¿£fñ $\Te ¿£*Ð �+³T+~. n|�ð&�T '1s'

nHû �]Ò{²ýÙ eÖçÔáyûT �+³T+~.
l  = 1 nsTTÔû, (2l + 1) R3, n+fñ m

l
 Å£� eTÖ&�T

$\Te\T �+{²sTT. n$, ̀ 1, 0 eT]jáTT 1 n|�ð&�T x, y,

z n¿�±\ yî+�&� eTÖ&�T $<ó�\T>± neTsÁÌ�&�q p
x
,  p

y
,

eT]jáTT p
z
 nHû eTÖ&�T p – �]Ò{²Þø�ß �+{²sTT.

· � eTÖ&�T p –  �]Ò{²Þø�ß d�eTqyîT®q Xø¿ìï� ¿£*Ð
�+{²jáÖ?

m
l
 $\Te\ d�+K« ÿ¿£ |�sÁeÖDTeÚýË �]Ýw�¼ l $\Te¿ì

d�+�+~ó+ºq �|�¿£sÁÎsÁ+ýË �+&û �]Ò{²Þøß d�+K«�
d�Öºd�Tï+~. ÿ¿£ �|�¿£sÁÎsÁ+ýË� �]Ò{²Þøß�� ÿ¹¿ Xø¿ìï�

¿£*Ð �+{²sTT. M{ìHû d�eTXø¿ìï �]Ò{²Þø�ß n+{²sÁT.

 2l + 1 d�ÖçÔ��� �|�jîÖÐ+º �ºÌq l $\Te¿ì d�+�+~ó+ºq �|�¿£sÁÎsÁ+ýË �+&û
d�eTXø¿ìï �]Ò{²Þøß d�+K«qT |�{ì¼¿£̀ 1ýË s�jáT+&�.
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s-orbital is spherical in shape, p-orbitals are dumbell-shaped and d-orbitals

are double dumbell-shaped as shown below.

n l m
l

sub-shell notation No of orbitals
in the subshell

1 0 0 1s 1

2
0 0 2s 1

1 -1,0,+1 2p 3

0 0 3s 1

3 1 -1,0,+1 3p 3

2 -2,-1,0,+1,+2 3d 5

0 0 4s 1

4

1 -1,0,+1 4p 3

2 -2,-1,0,+1,+2 4d 5

3 -3,-2,-1,0,+1,+2,+3 4f 7

Table-3

Sub shells Number of Maximum
orbitals (2l+1) number of

electrons

s (1=0) 1 2

p (1=1) 3 6

d (1=2) 5 10

f (l=3) 7 14

Each sub-shell holds a

maximum of twice as many

electrons as the number of

orbitals in the sub-shell.

The maximum number of

electrons that can occupy various

sub-shells is given in the

following table 3.

The following table-2 represents the shells, sub-shells and the number

of orbitals in the sub-shells.

Table-2

fig-5: Shapes of orbitals in s, p, d subshells
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s`�]Ò{²ýÙ >ÃÞ²¿±sÁ+ýË �+³T+~. p ̀ �]Ò{²Þø�ß &�+uÉýÙ �¿±sÁ+ýË �+{²sTT.
d`�]Ò{²Þø�ß &��ýÙ &�+uÉýÙ �¿±sÁ+ýË �+{²sTT. ¿ì+~ |�{²\qT |�]o*+#á+&�.

¿ì+~ |�{ì¼¿£̀ 2ýË ¿£sÁÎs�\T, �|�¿£sÁÎs�\T eT]jáTT �|� ¿£sÁÎs�\ýË >·\ �]Ò{²Þøß
d�+K« �eÇ�&�¦sTT.

ç|�r �|�¿£sÁÎsÁ+ýË >·]w�÷+>±
�|�¿ £s Á Îs Á+ýË �+&û �]Ò{²Þøß
d�+K«Å£� Âs{ì¼+|�Ú d�+K«ýË m\�¿±¼qT¢
�+{²sTT.

$$<ó� �|�¿£sÁÎs�\ýË >·]w�÷+>±
�+&�>·*¹> m\�¿±¼q¢ d�+K«\T |�{ì¼¿£̀ 3
ýË d�Öº+#á�&�H�sTT.

|�{ì¼¿£-3
�|�¿£sÁÎsÁ+ �]Ò{²Þøß d�+K« >·]w�÷ m\ç¿±¼qT\

(2l+1) d�+K«
s (1=0) 1 2

p (1=1) 3 6

d (1=2) 5 10

f (l=3) 7 14

n l m
l

�|�¿£sÁÎsÁ+ d�+¹¿Ôá+     �|�¿£sÁÎsÁ+ýË >·£\ �]Ò{²Þøß d�+K«
1 0 0 1s 1

2
0 0 2s 1

1 -1,0,+1 2p 3

0 0 3s 1

3 1 -1,0,+1 3p 3

2 -2,-1,0,+1,+2 3d 5

0 0 4s 1

4

1 -1,0,+1 4p 3

2 -2,-1,0,+1,+2 4d 5

3 -3,-2,-1,0,+1,+2,+3 4f 7

|�{ì¼¿£-2

|�³+`5 : s,p,d �|�¿£sÁÎs�ýË¢� �]Ò{²Þøß C²«$TrjáT �¿£�ÔáT\T.

S
C
E
R
T, T

E
LA

N
G
A
N
A



Government’s Gift for Students’ Progress Structure of Atom244

6.5.4 Spin Quantum Number (m
s
)

The three quantum numbers n, l, and m
l 
describe the size (energy),

shape, and orientation, respectively, of an atomic orbital in space.

As you have observed in the case of street lights (sodium vapour lamp),

yellow light is emitted. This yellow light is comprised of a very closely

spaced doublet when analyzed using high resolution spectroscope.

 Alkali and alkaline earth metals show such type of lines.

To account for such a behavior of electron an additional quantum

number is introduced. This is spin quantum number. This represents the

property of the electron. It is denoted by ‘m
s
’.

This quantum number refers to the two possible orientations of the

spin of an electron, one clockwise and the other anticlockwise spin. These

are represented by + ½ and -½. If both are positive/negative values, then

the spins are parallel otherwise the spins are anti-parallel.

The importance of the spin quantum number is seen when electrons

occupy specific orbitals in multi-electron atoms.

· How do electrons in an atom occupy shells, sub-shells and orbitals?

The distribution of electrons in shells,    sub-shells and orbital in an

atom is known as electronic configuration.

6.6   Electronic Configuration

Let us first consider the hydrogen atom for understanding the

arrangement of electrons, as it contains only one electron.

The shorthand notation consists of the principal energy level (n value),

the letter representing sub-level (l value), and the number of electrons (x)

in the sub-shell is written as a superscript as shown below:

nl x

For the hydrogen (H) atom having atomic number (Z) = 1, the number

of electrons is one, then the electronic configuration is 1s1.

Denotes the principle
quantum number

Denotes the number of
electrons in orbital

Denotes the angular momentum
quantum number

1s1
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6.5.4  d¾ÎH� ¿±Ç+³+ d�+K«(m
s
) (Spin Quantum Number )  :

eTÖ&�T ¿±Ç+³+ d�+K«\T n, l eT]jáTT m
l
 \T esÁTd�>± |�sÁeÖDT �]Ò{²ýÙ jîTT¿£Ø

|�]eÖD+ (Xø¿ìï), �¿£�Ü eT]jáTT y�{ì neT]¿£qT Ôî\T|�ÚÔ�sTT.
|�d�T|�ÚsÁ+>·T ¿±+Ü� yî\Te]d�Tïq� M~ó BbÍ\qT (Sodium Vapour Lamp) MTsÁT

>·eT�+#û �+{²sÁT. � |�d�T|�Ú ¿±+Ü� n~ó¿£ |��<̧�¿£ØsÁD kÍeTsÁ�«eTT (Resolution)  >·\
esÁ�|�³eÖ|�� (spectroscope) ÔÃ |�]o*+ºq³¢sTTÔû n+<�TýË #�ý² <�>·ZsÁ>± �q�
Âs+&�T ¹sK\T (Doublet) ¿£�|¾kÍïsTT.

¿�±sÁ eT]jáTT ¿�±sÁ eT�Üï¿£ ýËV�ä\ esÁ�|�{²\ýË �³Te+{ì ¹sK\T ¿£�|¾kÍïsTT.
m\�¿±¼H� jîTT¿£Ø �³Te+{ì ç|�esÁïq� $e]+#û+<�TÅ£� n<�q+>± H�\T>·e ¿±Ç+³+

d�+K« ç|�ÜbÍ~+#á�&�+~. n<û d¾ÎH� ¿±Ç+³+ d�+K«. �~ m\�¿±¼H� jîTT¿£Ø n_ó\¿£�D²\qT
$e]+#á&��¿ì ÔÃ&�Î&�TÔáT+~. B�� m

s
 ÔÃ d�ÖºkÍïs.

� ¿±Ç+³+ d�+K« m\�¿±¼H� d¾ÎH�Å£� �+&û Âs+&�T sÁ¿±\ ~ÐÇH�«kÍ\� (orientations)
d�Öºd�Tï+~. n$ ÿ¿£{ì d�e«~XøýË �+&û d¾ÎH� (+1/2), eTs=¿£{ì n|�d�e« ~XøýË �+&û
d¾ÎH� (-1/2).

m\�¿±¼H�\Å£� Âs+&�T sÁ¿±\ d¾ÎH� $\Te\T <ó�H�Ôá�¿£+/�TTD²Ôá�¿£+ nsTTÔû � d¾ÎH�\T
d�eÖ+ÔásÁ+>±qT ýñ¿£bþÔû e«Ü¹s¿£ ~Xø\ýË �+{²sTT.

�V�Q m\�¿±¼H�\qT ¿£*Ðq |�sÁeÖDTeÚ\ýË ÿ¿£ �]Ýw�¼ �]Ò{²Þøß\ýË mÅ£�Øe d�+K«ýË
m\�¿±¼qT¢ �q�|�Ú&�T y�{ì ~ÐÇq«kÍ\qT d¾ÎH� ¿±Ç+³+ d�+K« $e]d�Tï+~.
· ¿£sÁÎs�\ýË, �|�¿£sÁÎs�\ýË, �]Ò{²ÞøßýË m\�¿±¼qT¢ mý² #ûsÁTÔ�sTT?

|�sÁeÖDTeÚýË� ¿£sÁÎs�\T, �|�¿£sÁÎs�\T, eT]jáTT �]Ò{²ÞøßýË m\�¿±¼H�\ |�+|¾D¡�
m\�¿±¼H� $H�«d�+ n+{²s.
6.6  m\ç¿±¼H� $H�«d�+ Electronic Configuration

ÿ¿£ |�sÁeÖDTeÚýË m\�¿±¼qT\ neT]¿£� Ôû*¿£>± ne>±V�²q #ûd�T¿Ãe&��¿ì ÿ¹¿
m\�¿±¼H� ¿£*Ðq �VÕ²ç&ÃÈH� |�sÁeÖDTeÚqT �<�V�²sÁD>± rd�TÅ£�� |�]o*<�Ý+.

m\�¿±¼H� $H�«kÍ�� d�Öº+#û d�+¿ì�|�ï d�+¹¿Ôá+ýË ç|�<ó�q Xø¿ìï kÍ�sTT (n $\Te),
�|�Xø¿ìï kÍ�sTT (l $\Te) � Ôî*�| n¿£�sÁ+ eT]jáTT |��ÖÔ�+¿£+>± s�jáT�&�q �|�Xø¿ìï
kÍ�sTTýË >·\ m\�¿±¼qT\ d�+K« (x) \T �+{²sTT. y�{ì� ¿ì+~ $<ó�+>± s�kÍï+.

nl x

�<�V�²sÁD¿ì �VÕ²ç&ÃÈH� (H) |�sÁeÖDTeÚ� rd�TÅ£�+fñ, <�� |�sÁeÖDT d�+K«
ÿ¿£{ì (Z = 1). n|�ð&�T m\�¿±¼H� $H�«kÍ�� 1s1 n� s�jáÖ*.

ç|�<ó�q ¿±Ç+³+ d�+K«qT
d�Öºd�Tï+~

�]Ò{²ýÙýË m\ç¿±¼qT\ d�+K«qT
d�Öºd�Tï+~

¿ÃD¡jáT ç<�e«yû>· ¿±Ç+³+ d�+K«qT
d�Öºd�Tï+~

1s1
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The electron configuration can also be represented by showing the

spin of the electron.

For the electron in H, as you have seen, the set of quantum numbers

is:

n = 1, l = 0, m
l 
= 0, m

s 
= ½ or – ½.

#
For many-electron atoms, we must know the electron configuration

of the atom. The distribution of electrons in various atomic orbitals

provides an understanding of the electronic behavior of the atom and, in

turn, its reactivity. Let us consider the helium (He) atom.

· Helium (Z=2) atom has two electrons. How are they arranged?

To describe the electronic configuration for more than one electron

in the atom, we need to know three principles:

Those are the Pauli Exclusion Principle, Aufbau principle and Hund’s Rule.

 Let us discuss them briefly.

6.6.1 The Pauli Exclusion Principle

Helium atom has two electrons. The first electron occupies ‘1s’ orbital.

The second electron joins the first in the 1s-orbital, so the electron

configuration of the ground state of ‘He’ is 1s2. Then the question is:

· What are the spins of these two electrons?

According to Pauli Exclusion Principle no two electrons of the same

atom can have all four quantum numbers the same.

If n, l, and m
l
 are same for two electrons then m

s
 must be different. In

the helium atom the spins must be paired.

Electrons with paired spins are denoted by ‘#$’. One electron has

m
s
= 

1
,

2
+  the other has m

s
= 

1
.

2
-  They have anti-parallel spins.

· How many electrons can occupy an orbital?

The major consequence of the exclusion principle involves orbital

occupancy. Since only two values of m
s 
are allowed, an orbital can hold

only two electrons and they must have opposite spins.

Hence, the electronic configuration of helium atom is:

         1s2

##
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m\�¿±¼H� $H�«d�+ýË m\�¿±¼H� jîTT¿£Ø d¾ÎH�� Å£L&� d�Öº+#áe#áTÌ. n~ mý²
d�Öº+#áe#ÃÌ ¿ì+<� $e]+#á�&�+~.

�VÕ²ç&ÃÈH� |�sÁeÖDTeÚýË >·\ m\�¿±¼H� ¿£*Ð �+&û ¿±Ç+³+ d�+U²« d�$TÜ �
$\Te\qT ¿£*Ð �+³T+~. n = 1, l = 0, m

l
 = 0, m

s
 = + 1/2 ýñ<� –1/2.

mÅ£�Øe d�+K«ýË m\ç¿±¼H�\qT ¿£*Ð �q� |�sÁeÖDTeÚ\ \¿£�D²\qT Ôî\Td�T¿Ãy�\+fñ
eTqÅ£� y�{ì m\ç¿±¼H� $H�«d�+ Ôî*d¾ �+&�*. |�sÁeÖDTeÚýË $$<ó� �]Ò{²Þøß\ýË
m\ç¿±¼H�\ neT]¿£, m\ç¿±¼H�\ |�sÁ+>± � |�sÁeÖDTeÚ jîTT¿£Ø ç|�esÁïqqT Ôî*jáTCñd�Tï+~.
�~ |�sÁeÖDTeÚ jîTT¿£Ø ç¿ìjáÖo\ÔáqT (reacticity) ne>±V�²q #ûd�T¿Ãe&��¿ì
<ÃV�²<�|�&�TÔáT+~. �|�ð&�T VÓ²*jáT+ (He) |�sÁeÖDTeÚqT |�]>·DqýË¿ì rd�TÅ£�+<�+.
· VÓ²*jáT+ (He) (Z = 2) Âs+&�T m\�¿±¼qT\qT ¿£*ÐjáTT+³T+~. �$ mý² neT] �+{²sTT?

ÿ¿£{ì ¿£+fñ mÅ£�Øe m\�¿±¼qT\T >·\ |�sÁeÖDTeÚ\ m\�¿±¼H� $H�«kÍ�� $e]+#á&��¿ì
eTÖ&�T �jáTeÖ\T �|�¿£]kÍïsTT. n$ : bå©esÁ̈q �jáTeT+, �|�tu� �jáTeT+ eT]jáTT
V�Q+&� �jáTeT+.

M{ì� >·T]+º d�+¿ì�|�ï+>± #á]Ì+#áTÅ£�+<�+.
6.6.1 bå© esÁ̈q �jáTeT+ (The Pauli Exclusion Principle)

VÓ²*jáT+ |�sÁeÖDTeÚýË Âs+&�T m\�¿±¼qT\T �+{²sTT. yîTT<�{ì m\�¿±¼H� '1s' �]Ò{²ýÙ�
�ç¿£$Td�Tï+~. Âs+&�e m\�¿±¼H� 1s �]Ò{²ýÙ ýË >·\ yîTT<�{ì m\�¿±¼H�ÔÃ ÈÔá>·Ö&�TÔáT+~.
n+fñ He jîTT¿£Ø uó�ÖkÍ�sTT m\�¿±¼H� $H�«d�+ 1s2. �|�Ú&�T Ôá\Ôûï ç|�Xø� @$T³+fñ ...
· 1s �]Ò{²ýÙýË >·\ � Âs+&�T m\�¿±¼H�\ d¾ÎH� \T mý² �+{²sTT?

ÿ¹¿ |�sÁeÖDTeÚ¿ì #î+~q @ Âs+&�T m\�¿±¼q¢¿ì H�\T>·T ¿±Ç+³+ d�+K«\T d�eÖq+>±
�+&�eÚ n� bå© esÁ̈q �jáTeT+ Ôî*jáTCñd�Tï+~.

VÓ²*jáT+ |�sÁeÖDTeÚýË >·\ Âs+&�T m\�¿±¼qT\T 1s �]Ò{²ýÙýËHû �H��sTT ¿±�{ì¼
y�{ì n, l, eT]jáTT m

l
  $\Te\T d�eÖq+>± �+{²sTT. n+fñ m

s
 Ôá|�Î�d�]>± yûsÁT>±

�+&�*. n+fñ He |�sÁeÖDTeÚýË m\�¿±¼qT\ d¾ÎH� \T ÈÔá>·Ö&�*.

È+³ d¾ÎH�\T ¿£*Ðq m\�¿±¼q¢� ­¯ ÔÃ d�ÖºkÍïs. ÿ¿£ m\�¿±¼H� jîTT¿£Ø m
s
 = 

1

2
+

nsTTÔû Âs+&�e m\�¿±¼H� jîTT¿£Ø m
s
 = 

1

2
-  neÚÔáT+~. nq>± ÿ¹¿ �]Ò{²ýÙ ýË >·\ Âs+&�T

m\�¿±¼H�\ d¾ÎH�\T e«Ü¹s¿£ ~Xø\ýË �+{²sTT.
· ÿ¿£ �]Ò{²ýÙ ýË >·]w�¼+>± m�� m\�¿±¼qT\T �+&�e#áTÌ?

ÿ¿£ �]Ò{²ýÙ ýË >·]w�¼+>± �+#á>·*¹> m\�¿±¼H�\ d�+K«qT Ôî*jáTCñjáT&��¿ì
bå©esÁ̈q �jáTeT+ �|�jîÖ>·|�&�TÔáT+~.

ÿ¿£ �]Ò{²ýÙ¿ì ¹¿e\+ Âs+&�T m
s
 $\Te\T eÖçÔáyûT nqTeTÜ+#á�&�Ô�sTT ¿±eÚq

ç|�Ü �]Ò{²ýÙýË >·]w�¼+>± e«Ü¹s¿£ d¾ÎH�\T ¿£*Ðq Âs+&�T m\�¿±¼qT\T eÖçÔáyûT �+{²sTT.
¿±eÚq VÓ²*jáT+ (He) |�sÁeÖDTeÚ m\ç¿±¼H� $H�«d�+qT � $<ó�+>± d�Öº+#áe#áTÌ.
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6.6.2  Aufbau Principle

As we pass from one element to another one of next higher atomic number, one

electron is added every time to the atom.

The maximum number of electrons in any shell is ‘2n2’, where ‘n’ is the principal

quantum number.

The maximum number of electrons in a sub-shell (s, p, d or f) is equal to 2(2l+1)

where l = 0, 1, 2, 3… Thus these sub-shells can have a maximum of 2, 6, 10, and 14

electrons respectively.

In the ground state the electronic configuration can be built up by placing electrons

in the lowest available orbitals until the total number of electrons added is equal to

the atomic number. This is called the Aufbau principle (The German word “Aufbau”

means “building up.”).Thus orbitals are filled in the order of increasing energy.

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

The following diagram (fig-6) shows the increasing value of (n+l).

Ascending order of energies of various atomic orbitals

is given below.

1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d <

5p < 6s < 4f < 5d < 6p < 7s < 5f < 6d < 7p < 8s …

The electronic configurations of some elements in

the increasing atomic number (Z) value are given below.

H(Z=1)     1s1

He(Z=2)   1s2

Li(Z=3)    1s22s1

Be(Z=4)    1s22s2

B(Z=5)     1s22s22p1

Two general rules help us to predict electronic configurations.

1. Electrons are assigned to orbitals in order of increasing value of (n+l).

2. For sub-shells with the same value of  (n+l), electrons are assigned first to the

sub-shell with lower ‘n’.

fig-6: The filling order of

atomic orbitals

(Moeller Chart)
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6.6.2  �|�tuó� �jáTeT+ (Aufbau Principle)

|�sÁeÖDT d�+K« �|]¹> ç¿£eT+ýË ÿ¿£ eTÖ\¿£+ qT+º eTs=¿£ eTÖ\¿±�¿ì
yîÞø�ïq�¿=\B |�sÁeÖDT �]Ò{²ýÙ ýË ÿ¿ÃØ m\�¿±¼H� ¿£\Td�ÖïHû �+³T+~. ÿ¿£ ¿£sÁÎsÁ+ýË
�+&û >·]w�÷ m\�¿±¼q¢ d�+K«� 2n2ÔÃ d�ÖºkÍï+. B�ýË 'n' ç|�<ó�q ¿±Ç+³+ d�+K«.

ný²¹> ÿ¿£ �|� ¿£sÁÎsÁ+ (s,  p,  d  or  f) ýË �+&û >·]w�÷ m\�¿±¼qT\ d�+K«
2(2l+1) ÔÃ d�ÖºkÍï+. �¿£Ø&� l = 0,1,2,3,....... $\Te\T ¿£*Ð �+³T+~. �
d�ÖçÔá+ �<ó�sÁ+>± >·]w�÷+>± $$<ó� �|�¿£sÁÎs�\ýË esÁTd�>± 2,6,10 eT]jáTT 14
m\�¿±¼qT¢ �+{²jáT� eTqÅ£� Ôî\Td�Tï+~.

|�sÁeÖDTeÚ uó�ÖkÍ�sTTýË �q�|�Ú&�T m\�¿±¼qT\T nÜ ÔáÅ£�Øe Xø¿ìï ¿£*Ðq �]Ò{²ýÙýË
#ûsÁTÔáÖ, ný² yîTTÔáï+ m\�¿±¼qT\ d�+K« |�sÁeÖDT d�+K«¿ì d�eÖq+ njûT« esÁÅ£�
�+&ûý² <�� m\ç¿±¼H� $H�«d�+ �]�+#á�&�TÔáT+~. B�Hû �|�t uó� �jáTeT+ n+{²s.
(ÈsÁ�ú uó²w�ýË »�|�t u�µ n+fñ }sÁ�Ç �s��D+ n� nsÁ�+). � �jáTeT+ ç|�¿±sÁ+
|�sÁeÖDTeÚýË� �]Ò{²ÞøßýË m\ç¿±¼H�\T �+&û ç¿£eT+ �]Ò{²Þøß �sÃV�²D Xø¿ìïç¿£eT+ýË
�+³T+~.

� �jáTeT+ <�Çs� ÿ¿£ |�sÁeÖDTeÚ jîTT¿£Ø m\�¿±¼H� $H�«kÍ�� s�jáT&��¿ì
Âs+&�T d�ÖçÔ�\T d�V�äjáT|�&�Ô�sTT.
1.  m\�¿±¼qT\T $$<ó� �]Ò{²ÞøßýË �jáÖ �]Ò{²Þøß (n + l) $\Te\T �|]¹> ç¿£eT+ýË
�+&�TÔ�sTT.
2.  ÿ¿£yûÞø (n + l) $\Te\T d�eÖq+>± �q�³¢sTTÔû n $\Te ÔáÅ£�Øe>± >·\
�|�¿£sÁÎs��� m\�¿±¼qT\T eTT+<�T>± �ç¿£$TkÍïsTT.

(n + l) $\Te\T �|]¹> ç¿£eÖ�� |�³+`6ýË #áÖ&�e#áTÌqT.
�sÃV�²D ç¿£eT+ýË |�sÁeÖDT �]Ò{²Þøß $$<ó� Xø¿ìïkÍ�sTT\T.
1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s < 4d < 5p

< 6s < 4f < 5d < 6p < 7s < 5f < 6d < 7p < 8s …

|�sÁeÖDT d�+K« (Z) $\Te �|]¹> ç¿£eT+ýË ¿=�� eTÖ\¿±\
m\�¿±¼H� $H�«kÍ\T ¿ì+<� �eÇ�&�¦sTT.

H(Z=1)     1s1

He(Z=2)   1s2

Li(Z=3)    1s22s1

Be(Z=4)    1s22s2

B(Z=5)     1s22s22p1
|�³+`6: (n + l) $\Te\T
�|]¹> ç¿£eÖ�� #áÖ�| |�³+.

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

S
C
E
R
T, T

E
LA

N
G
A
N
A



Government’s Gift for Students’ Progress Structure of Atom250

#

#

#

#

# #

· For carbon (C) atom (Z=6), where does the 6th electron go?

· Whether the electron pairs up in the same p-orbital or will it go to the next p-orbital?

6.6.3 Hund’s Rule

According to this rule electron pairing in orbitals starts only when all available empty

orbitals of the same energy (degenerate orbitals) are singly occupied.

The configuration of Carbon (C) atom (Z=6) is 1s22s22p2. The first four electrons

go into the 1s and 2s orbitals. The next two electrons go into separate 2p orbitals, with

both electrons having the same spin

Note that the unpaired electrons in the 2p orbitals are shown with parallel spins.

Activity  3

Complete the electronic configuration of the following elements.

Key words

Wave, spectrum, discrete energy, line spectrum, orbital, quantum numbers, shell,

sub-shell, shapes of orbitals, electron spin, electronic configuration,  the Pauli’s exclusion

principle, Aufbau principle, Hund’s rule.

Table.4

Element Atomic  number (Z) Electronic configuration of elements

C       6
N 7

O 8

F 9

Ne 10

Na 11

Mg 12

Al 13

Si 14

P 15

S 16

Cl 17

Ar 18

K 19

Ca 20
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· ¿±sÁÒH� (Z = 6) ýË 6e m\�¿±¼H� @ p ` �]Ò{²ýÙýË�¿ì #ûsÁTÔáT+~?
· � m\�¿±¼H� p �]Ò{²ýÙ ýË >·\ ÿ+³] m\�¿±¼H�ÔÃ ÈÔá> ·Ö&�TÔáT+<�? ýñ<� U²°>·

�q� yûs=¿£ p �]Ò{²ýÙ � �ç¿£$Td�Tï+<�?
6.6.3 V�Q+&� �jáTeT+ (Hund’s Rule):

� �jáTeT+ ç|�¿±sÁ+ d�eÖq Xø¿ìï ¿£*Ðq n�� U²° �]Ò{²Þø�ß (Degenerate Orbitals) ÿ¿=Ø¿£Ø
m\ç¿±¼H�#û �ç¿£$T+#á�&�q Ôás�ÇÔáHû m\ç¿±¼H�\T ÈÔá>·Ö&�&�+ çbÍsÁ+_ókÍïsTT.

n+fñ »d�eT Xø¿ìïµ �]Ò{²ÞøßýË Âs+&�T m\�¿±¼qT\T #ûsÁ&��¿ì eTTqT�| ç|�r <��ýË ÿ¿ÃØ m\ç¿±¼H� �+&�
�+&�* n� #î|�Îe#áTÌ.

¿±sÁÒH� (C) (Z = 6) |�sÁeÖDT m\�¿±¼H� $H�«d�+ 1s2 2s2 2p2. �+<�TýË yîTT<�{ì H�\T>·T m\�¿±¼qT\T
1s eT]jáTT 2s �]Ò{²Þøß ýË¿ì #ûsÁTÔ�sTT. ÔásÁTy�Ü Âs+&�T m\�¿±¼qT\T yûsÁTyûsÁT p �]Ò{²Þøß� �ç¿£$TkÍïsTT.
� Âs+&�T m\�¿±¼qT\ d¾ÎH� ÿ¹¿ $<ó�+>± �+³T+~.

�¿£Ø&� 2p �]Ò{²ÞøßýË �q� Âs+&�T ÿ+³] m\�¿±¼q¢� d�eÖ+ÔásÁ d¾ÎH�\T ¿£*Ð �q�³T¢ #áÖ|¾+#á³+ È]Ð+~.

¿£�Ôá«+ 3
¿ì+<� �eÇ�&�¦ eTÖ\¿±\ m\�¿±¼H� $H�«kÍ\� |�{ì¼¿£ýË s�jáT+&�.

#

#

#

#

# #

¿£�Ôá«+  3

¿¡\¿£ |�<�\T
ÔásÁ+>·+, esÁ�|�³+, �jáT$TÔá Xø¿ìï, ¹sU² esÁ�|�³+, �]Ò{²ýÙ, ¿±Ç+³+ d�+K«\T,

¿£sÁÎsÁ+, �|�¿£sÁÎsÁ+, �]Ò{²Þø¢ �¿£�ÔáT\T, ~ÐÇH�«d�+, m\ç¿±¼H� $H�«d�+, bå© esÁq̈ �jáTeT+,
�|�tu� �jáTeT+, V�Q+&� �jáTeT+.

eTÖ\¿£+  |�sÁeÖDT d�+K« (Z)  m\�¿±¼H� $H�«d�+
C 6

N 7

O 8

F 9

Ne 10

Na 11

Mg 12

Al 13

Si 14

P 15

S 16

Cl 17

Ar 18

K 19

Ca 20

|�{ì¼¿£̀ 4
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· Ligth can be characterized by its wavelength ( l ), frequency (J ) and these quantities are

related to speed of light as C Jl= .

· Spectrum is a group of wavelengths.

· Electromagnetic energy (Light) can have only certain discrete energy values which is given by

the equation   E=hu
· Electrons in an atom can gain energy by absorbing a particular frequency of light and can lose

energy by emitting a particular frequency.

· Bohr’s model of atom: Electrons are present in stationary states. The electron moves to higher

energy level if it absorbs energy in the form of electromagnetic energy or moves to a lower

energy state by emitting energy in the form of electromagnetic energy of appropriate frequency.

· Atomic line spectra arise because of absorption /emission of certain frequencies of light energy.

· It is not possible to measure accurately the position and velocity of an electron simultaneously.

· The space around the nucleus where the probability of finding the electron is maximum is called

orbital.

· The three quantum numbers n, l, m
l 
describe the energy, shape and orientation respectively, of

an atomic orbital. Spin is an intrinsic property of an atom.

· Spin is an intrinsic property of an electron.

· The arrangement of electrons in shells, sub-shells and orbitals in an atom is called the electron

configuration.

· According to Pauli Exclusion Principle no two electrons of the same atom can have all the four

quantum numbers same.

· Aufbau principle: The lowest-energy orbitals are filled first.

· Hund’s rule: The orbitals of equal energy (degenerate) are occupied with one electron each

before pairing of electrons starts.

I. Reflections of concepts

1. What information does the electronic configuration of an atom

provide? (AS
1
)

2. Rainbow is an example for continuous spectrum – explain. (AS
1
)

3. How orbital is different from Bohr’s orbit?(AS
1
)

4. Explain the significance of three Quantum numbers in predicting the positions of an electron

in an atom.(AS
1
)

5. How we are using the nl x method in writing electronic configuration? (AS
1
)

6. Which electronic shell is a higher energy level K or L? (AS
2
)

Improve your learning

What we have learnt
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· ¿±+Ü ÔásÁ+>·+ý² ç|�jáÖDìd�Tï+~. B�� ÔásÁ+>·<îÕsÁé«+ (l), båq:|�Úq«+ (u) eT]jáTT ¿±+Üyû>±\ýË e«¿£ï|�sÁTkÍï+.
M{ì eT<ó�« d�+�+<ó�+ : c = ul.

· nHû¿£ ÔásÁ+>·<îÕs�é«\ ýñ<� båq:|�ÚH�«\ d�eTT<�jáÖ�� esÁ�|�³+ n+{²sÁT.
· $¿ìsÁD Xø¿ìï �]Ýw�¼ $\Te\T ¿£*Ð �+³T+~, nÜ ÔáÅ£�Øe Xø¿ìï ç|�eÖD²�� »¿±Ç+³+µ n+{²s B�� E = huÔÃ

d�ÖºkÍï+.
· Xø¿ìï �<�ZsÁ+ >±ú, XËw�D+ >±ú $¿ìsÁD+ sÁÖ|�+ýË yî\Te&�TÔáT+~. � $¿ìsÁD|�Ú Xø¿ìï ¿=�� �]Ýw�¼ $\Te\qT

¿£*Ð �+³T+~ n+fñ ¿±Ç+{¡¿£sÁD+ #î+~ �+³T+~.
· uËsY |�sÁeÖDT qeTÖH�: m\ç¿±¼H�\T �]Ýw�¼ Xø¿ìï kÍ�sTT\ýË �+{²sTT. m\ç¿±¼H� Xø¿ìï� ç>·V¾²+ºq|�Ú&�T �Ôûï�Ôá

kÍ�sTT¿ì, ný²¹> Xø¿ìï� �<�ZsÁ+ #ûd¾q|�Ú&�T Ü]Ð uó�ÖkÍ�sTT¿ì #ûsÁTÔáT+~. ný² ç>·V¾²+#á�&�q ýñ<� $&�T<�ýÉÕq
$¿ìsÁD Xø¿ìï ¿±Ç+{¡¿£sÁD+ #î+<��&� �+³T+~.

· �]Ýw�¼ båq:|�ÚH�«\T >·\ ¿±+Ü Xø¿ìï eÖçÔáyûT XËw�D+ ýñ<� �<�ZsÁ+ #î+<�&�+ e\q |�sÁeÖDT ¹sU² esÁ�|�³+
@sÁÎ&�TÔáT+~.

· m\ç¿±¼H� jîTT¿£Ø kÍ�H��� eT]jáTT yû>±�� ÿ¿£kÍ] KºÌÔá+>± ¿£qT¿ÃØe&�+ kÍ<ó�«+ ¿±<�T.
· |�sÁeÖDT ¹¿+ç<�¿£+ #áT³Ö¼ m\ç¿±¼H� qT ¿£qT>=Hû d�+uó²e«Ôá mÅ£�Øe>± �q� çbÍ+Ô��� �]Ò{²ýÙ n+{²s.
· |�sÁeÖDT �]Ò{²Þøß Xø¿ìï, �¿£�Ü eT]jáTT çbÍ<û¥¿£ ~ÇÐÇH�«kÍ\� esÁTd�>± n, l, m

l 
nHû eTÖ&�T ¿±Ç+³+

d�+K«\T Ôî*jáTCñkÍïsTT. d¾ÎH� nHû~ m\ç¿±¼H� n_ó\¿£�D+.
· |�sÁeÖDTeÚýË� ¿£sÁÎs�\T, �|�¿£sÁÎs�\T, �]Ò{²ÞøßýË m\ç¿±¼qT\ |�+|¾Dì� m\ç¿±¼H� $H�«d�+ n+{²sÁT.
· bå© esÁ̈q �jáTeT+ : ÿ¹¿ |�sÁeÖDTeÚ¿ì #î+~q @ Âs+&�T m\�¿±¼q¢¿ì H�\T>·T ¿±Ç+³+ d�+K«\T

d�eÖq+>± �+&�eÚ n� bå© esÁ̈q �jáTeT+ Ôî*jáTCñd�Tï+~.
· �|�t u� �jáTeT+ : m\ç¿±¼H� nÜ ÔáÅ£�Øe Xø¿ìï >·\ �]Ò{²ýÙ� eTT+<�T>± �ç¿£$Td�Tï+~.
· V�Q+&� �jáTeT+ : d�eTXø¿ìï �]Ò{²Þøß (degenerated) ýË ÿ¿=Ø¿£Ø m\ç¿±¼H� #û]q Ôás�ÇÔû ÈÔá>·Ö&�&�+ ÈsÁT>·TÔáT+~.

I. uó²eq\�|Õ ç|�Üd�Î+<�q\T:

1. |�sÁeÖDT m\�¿±¼qT $H�«d�+ qT+&� \_ó+#û d�eÖ#�sÁ+ @$T{ì? (AS
1
)

2. �+ç<�<ó�qd�Tà, ÿ¿£ n$ºÌÛq� esÁ�|�{²�¿ì �<�V�²sÁD ` $e]+#á+&�.(AS
1
)

3. »�]Ò{²ýÙµ qT uËsY jîTT¿£Ø »¿£¿£�«µ (orbit) ÔÃ bþ*Ìq|�Ú&�T �~ @$<ó�+>± _óq�yîT®+~? (AS
1
)

4. ÿ¿£ |�sÁeÖDTeÚýË m\�¿±¼H� jîTT¿£Ø kÍ�H��� n+#áH� yûjáT&��¿ì eTÖ&�T ¿±Ç+³+ d�+K«\T @$<ó�+>±
�|�jîÖ>·|�&�Ô�jîÖ $e]+#á+&�? (AS

1
)

5. n
 
l x |�<�ÆÜ� m\ç¿±¼H� $H�«d�+ýË mý² �|�jîÖÐkÍïeTT?(AS

1
)

6. K eT]jáTT L m\�¿±¼�¿ù ¿£sÁÎs�\ýË n~ó¿£ Xø¿ìï kÍ�sTTýË eÚq� ¿£sÁÎsÁ+ @~?(AS
2
)

nuó�«d�H��� yîTsÁT>·T|�sÁ#áTÅ£�+<�+

eTq+ @+ HûsÁTÌÅ£�H��+?
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II.  Application of concepts

1. Answer the following questions.

a. How many maximum number of electrons can be accommodated in a principal energy level? (AS
1
)

b. How many maximum number of electrons can be accommodated in a sub shell?

c. How many maximum number of electrons can be accommodated in an orbital?

d. How many sub shells are present in a principal energy level?

e. How many spin orientations are possible for an electron in an orbital? (AS
1
)

2. In an atom the number electrons in M-shell is equal to the number of electrons in the K and L

Shell. Answer the following questions. (AS
4
)

a. Which is the outer most shell?

b. How many electrons are there in its outermost shell?

c. What is the atomic number of element?

d. Write the electronic configuration of the element.

3. Following orbital diagram shows the electron configuration of nitrogen atom. Which rule does

not support this? N (Z = 7) (AS
1
)

4. Write the four quantum numbers for the differentiating electron of sodium (Na) atom? (AS
1
)

5. (i)  An electron in an atom has the following set of four quantum numbers to which orbital does

it belong

(ii) Write the four quantum numbers for 1s1 electron.(AS
4
)

6. The wave length of a radio wave is 1.0m. Find its frequency.(AS
7
)

1) An emission spectrum consists of bright spectral lines on a dark back ground. Which one of the

following does not correspond to the bright spectral lines? [  ]

A) Frequency of emitted radiation B) Wave length of emitted radiation

C) Energy of emitted radiation C) Velocity of light

#

#

# #

#

#

#
  1s2             2s2                      2p3

     n      l      m
l

m
s

    2          0     0 + ½
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II. uó²eq\ nqTesÁïH�\T
1. ç¿ì+~ ç|�Xø�\Å£� d�eÖ<ó�H�\T s�jáT+&�.

m) ÿ¿£ ç|�<ó�q Xø¿ìï ¿£sÁÎsÁ+ýË �eT&�>·*¹> >·]w�÷ m\�¿±¼qT\ d�+K« m+Ôá? (AS
1
)

_) ÿ¿£ �|�¿£sÁÎsÁ+ýË �eT&�>·*¹> >·]w�÷ m\�¿±¼qT\T m��?
d¾) ÿ¿£ �]Ò{²ýÙ q+<�T neTsÁÌ>·*¹> >·]w�÷ m\�¿±¼qT\T m��?
&�) ÿ¿£ ç|�<ó�q Xø¿ìï kÍ�sTTýË m�� �|�¿£sÁÎs�\T �+{²sTT?
�) ÿ¿£ �]Ò{²ýÙýË� m\�¿±¼H�Å£� m�� sÁ¿±\ d¾ÎH� ~ÐÇH�«kÍ\T kÍ<ó�«eTeÚÔ�sTT?

2. ÿ¿£ |�sÁeÖDTeÚýË� M – ¿£sÁÎsÁ+ýË m\�¿±¼H�\T K eT]jáTT L ¿£sÁÎsÁ+ýË� m\�¿±¼qT\ d�+K«Å£� d�eÖq+
nsTTq � ç¿ì+~ ç|�Xø�\Å£� d�eÖ<ó�H�*eÇ+&�. (AS

4
)

m) u²V�²« ¿£sÁÎsÁ+ @~?
_) <�� u²V�²«¿£sÁÎsÁ+ýË m�� m\�¿±¼qT\T �+{²sTT?
d¾) � |�sÁeÖDT d�+K« m+Ôá?
&�) � eTÖ\¿±�¿ì m\�¿±¼qT $H�«d�+ s�jáT+&�.

3. ç¿ì+~ �]Ò{²ýÙ ¹sU² ºçÔá+ HîÕç{ËÈqT |�sÁeÖDTeÚ jîTT¿£Ø m\�¿±¼H� $H�«d�+qT d�Öºd�Tï+~. �~ @
�jáTeÖ�¿ì e«Ü¹s¿£+?m+<�TÅ£�? (AS

1
)

1s2             2s2                      2p3

4. kþ&�jáT+ (Na) |�sÁeÖDTeÚýË uóñ<�|�sÁ#û m\ç¿±¼H� (ºesÁ>± #û¹s m\�¿±¼H�) jîTT¿£Ø H�\T>·T ¿±Ç+³+
d�+K«\qT s�jáT+&�.(AS

1
)

5. ÿ¿£ |�sÁeÖDTeÚýË� ÿ¿£ m\�¿±¼qTÅ£� d�+�+~ó+ºq H�\T>·T ¿±Ç+³+ d�+K«\T ç¿ì+<� |�{ì¼¿£ýË �eÇ�&�H�sTT.
i)  � m\ç¿±¼H� @ �]Ò{²ýÙÅ£� #î+~q<Ã Ôî\Î+&�? (AS

4
)

n l m
l

m
s

 2 0 0 + ½

(ii)      1s1 nHû d�+¿ì�|�ï d�+¹¿Ôá+ÔÃ #áÖ|��&�q m\�¿±¼qT jîTT¿£Ø H�\T>·T ¿±Ç+³+ d�+K«\T çy�jáT+&�. (AS
4
)

6. ÿ¿£ ¹s&�jîÖ ÔásÁ+>·+ jîTT¿£Ø ÔásÁ+>· <îÕsÁé«+ 1m nsTTq <�� båq'|�Úq«+ ¿£qT>=q+&�.(AS
7
)

1. �<�ZsÁ esÁ�|�³+ýË N¿£{ì çbÍ+Ôá+ýË ¿±+Üe+ÔáyîT®q esÁ� ¹sK\T ¿£�|¾kÍïsTT. � ¿±+Üe+Ôá yîT®q esÁ� ¹sK\T
B�� d�ÖºkÍïsTT. [ ]

m) �<�ZsÁ $¿ì]D|�Ú båq'|�Úq«+ _) �<�ZsÁ $¿ì]D|�Ú ÔásÁ+>· <îÕsÁé«+

d¾) �<�ZsÁ $¿ì]D|�Ú Xø¿ìï &�) ¿±+Üyû>·+

#

#

# #

#

#

#

N(Z=7)

d�ÂsÕq d�eÖ<ó�H��� mqT�¿Ã+&�S
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2) The maximum number of electrons that can be accommodated in the L – shell of an atom is

A) 2 B) 4 C) 8 D) 16 [ ]

3) If l = 1 for an atom then the number of orbitals in its sub-shell is [ ]

A) 1 B) 2 C) 3 D) 0

4) The quantum number which explains about size and energy of the orbit or shell is: [ ]

A) n B) l C) m
l

D) m
s

          Suggested Projects

1. Collect the information of historical development of the atomic theory.

2. Collect the information about the scientists who developed the atomic theories.

3. Make the s,p and d orbital models.

4. Collect the information regarding wave lengths and corresponding frequencies of three primary

colours red, blue and green.
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2. ÿ¿£ |�sÁeÖDTeÚýË� ¿£sÁÎsÁ+ L q+<�T �eT&�>·*¹> >·]w�÷ m\�¿±¼qT\ d�+K« [ ]

m) 2 _) 4 d¾) 8 &�) 16

3. ÿ¿£ |�sÁeÖDTeÚ ýË l R 1 nsTTq, <�� �|� ¿£sÁÎsÁ+ýË eÚ+&û �]Ò{²Þøß d�+K« [ ]

m) 1 _) 2 d¾) 3 &�) 0

4. ÿ¿£ ¿£¿£� jîTT¿£Ø |�]eÖD+ eT]jáTT Xø¿ìï� Ôî*�| ¿±Ç+³y�T d�+K« [ ]

m) n _) l d¾) m
l

&�) m
s

     çbÍCÉÅ£�¼\T
1. |�sÁeÖDT �s��D d¾<�Æ+Ô��¿ì ÔÃ&�Î&�q #�]çÔ�Ôá�¿£ n_óe�~Æ¿ì d�+�+~ó+ºq d�eÖ#�s��� �d¿£]+º

�yû~¿£ s�jáT+&�.

2. |�sÁeÖDT �s��D d¾<�Æ+Ôá n_óe�~Æ¿ì ¿£�w¾ #ûd¾q XægyûÔáï\ d�eÖ#�s��� �d¿£]+#á+&�.

3. s, p eT]jáTT d �]Ò{²Þøß qeTÖH�\T ÔájáÖsÁT#ûjáT+&�.

4. çbÍ<̧�$T¿£ sÁ+>·TýÉÕq msÁT|�Ú, ú\+ eT]jáTT �Å£�|�#áÌ\ >·T]+ºq ÔásÁ+>·<óîÕsÁé«+, y�� båq:|�ÚH�«\ d�eÖ#�sÁ+
�d¿£]+º �yû~¿£ sÁÖbõ+~+#á+&�.
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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 an 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 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

(eg. interviews, checklist & questionnaire) analyse the

information and interpret it. Able to conduct project works.

Children are able to comunicate their conceptual

understanding by the way of drawing pictures labeling

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  $�j îÖ> ·+,
JeyîÕ$<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 $X øB¿ £]+# á> ·\T> · TÔ�s Á T . eÖqd ¾¿ £  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�Ü ï # ûd � T¿Ãe&��¿ ì , # ás Á ÌqT çbÍs Á+_ 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 and classifies material, objects, phenomena and processes based on properties

or characteristics.

Eg: (i) Differences between Virtual & Real images,  (ii) Classification of acids, bases and salts.

¨ Plans and conducts simple investigations or experiments to arrive at and verify the facts,

principles, phenomena to seek answers to queries on their own. Concludes and Communi-

cates the findings.

Eg: (i) Reaction of metals with Acids and Bases, (ii) Image formation by mirrors and lenses.

                  (iii) Identifies the gases eveolved in the reactions. (iv) writing reports.

¨ Relates processes and phenomena with causes and effects.

Eg: (i) Refraction of  light, (ii) Dispersion of  light, (iii) Scattering of  light.

¨ Explains processes and phenomena.

Eg: (i) Scattering of right, (ii) Formation of rainbow, (iii) Extraction of metals from ore.

¨ Calculates using the data given.

Eg: (i) Problems based on  resultant resistance.(ii) Problems based on chemical equations.

¨ Draws labelled diagrams, flow charts, concept maps, graphs.

Eg: (i) Diagram of acid reacts with metals, (ii) Solinoid, motor, dynomo, furnace.

¨ Applies learning to hypothitical situations.

Eg: (i) What happens if  human eye lens can not accomidate?

¨ Analyses and interprets graphs and figures.

Eg: (i) V-I Graph, (ii) Angle of deviation and angle of incidence  graph.

¨ Uses scientific conversations, symbols and equations to represent various quantities, elements

and units.

Eg: (i) Chemical equations, (ii) Units for electric energy, power of lens.

¨ Measures physical quantities using appropriate apparatus, instruments and devices.

Eg: (i) lenses, mirrors, slabs (ii) Meter scale

¨ Derives formulae, equations, laws and applies Scientific concepts in daily life and solving

problems.

Eg: (i)  Kirchoff’s law, (ii) Omh’s law, (iii) Laws of resistance. (iv)Lens formula.

¨ Describes Scientific discoveries and inventions.

Eg: (i) Theoris and atomic struature, (ii) Omh’s law

¨ Designs models using eco-friendly resources.

Eg: (i) Electric motor, (ii) Models of  H
2
O, O

2
  and  CH

4
 molecules.

¨ Exhibits values of honesty, objectivity, rational thinking, freedom from myths, superstitions

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 eT]jáTT y�{ì� e Z̄¿£]kÍïsÁT.
�<�öö (i) $T<�̧« eT]jáTT �È ç|�Ü_+u²\T, uñ<ó�\T, (ii) �eÖ¢\T, ¿�±s�\T eT]jáTT \eD²\ e Z̄¿£sÁD.

¨ 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) �eÖ¢\T, ¿�±s�\ÔÃ ýËV�ä\ #ásÁ«, (ii) <�sÁÎD²\T, ¿£³¿±\ÔÃ ç|�Ü_+u²\T @sÁÎ&�&�+.

(iii) sÁkÍjáTq #ásÁ«\ýË $&�T<�ýÉÕq y�jáTTeÚ\qT �s�Æ]+#á&�+ (iv) �yû~¿£\T s�jáT&�+.
¨ ç|�ç¿ìjáT\T eT]jáTT <��ÐÇw�jáÖ\Å£� >·\ ¿±sÁ«¿±sÁD d�+�+<ó��� $e]kÍïsÁT.

�<�öö (i) ¿±+Ü eç¿¡uó�eq+, (ii) ¿±+Ü $¹¿�|�D+, (iii) ¿±+Ü |�]¹¿�|�D+.
¨ ç|�ç¿ìjáT\T eT]jáTT <��ÐÇw�jáÖ\qT $e]kÍïsÁT.

�<�öö (i) ¿±+Ü |�]¹¿�|�D+, (ii) �+ç<ó�<ó�qTd�Tà @sÁÎ&�&�+, (iii) <ó�ÔáTeÚ qT+&� ýËV�² �w�ØsÁüD.
¨ �ºÌq d�eÖ#�sÁ+ �<ó�sÁ+>± ýÉ¿ìØkÍïsÁT.

�<�öö (i) |��*Ôá �sÃ<ó�\�|Õ d�eTd�«\T, (ii) sÁkÍjáTq d�MT¿£sÁD²\Å£� d�+�+~ó+ºq d�eTd�«\ kÍ<ó�q,
¨ b�þ¢ #�sÁT¼\T, ¿±Hîà|t¼ eÖ«|t\T, ç>±|�t\T, u¤eT�\T ^d¾ uó²>±\T >·T]ïkÍïsÁT.

�<�öö (i) ýËV�ä\ÔÃ �eÖ¢\ #ásÁ« |�³+, (ii) kÍ*H�sTT&�, yîÖ³sY, &îÕqyîÖ, ¿=*$T.
¨ |�]¿£\Îq\Å£� nuó�«d�H��� $�jîÖÐkÍïsÁT.

�<�öö (i) eÖqeÚ� ¿£+{ì ¿£³¿£+ d�sÁTÝu²³T #ûd�T¿Ã¿£bþÔû @$T ÈsÁT>·TÔáT+~?
¨ <�Ô�ï+Xæ\T, ç>±|�t\T, u¤eT�\qT $Xâ¢w¾kÍïsÁT, y�«U²«�kÍïsÁT.

�<�öö (i) V-I ç>±|�t, (ii) $#á\q ¿ÃD+ ` |�Ôáq ¿ÃD²\ ç>±|�t.
¨ $$<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) sÁkÍjáTq d�MT¿£sÁD²\T, (ii) $<�T«ÔYXø¿ìï, ¿£³¿£ kÍeTs��«\ ç|�eÖD²\T.

¨ ç|�jîÖ>·Xæ\ �|�¿£sÁD²\T, kÍ<ó�H�\T eT]jáTT |�]¿£s�\qT d�]>± �|�jîÖÐ+º ¿=\TkÍïsÁT.
�<�öö (i) ¿£³¿±\T, <�sÁÎD²\T, >±E~yîT�, (ii) MT³sY �dØ\T.

¨ sÁkÍjáTq d�MT¿£sÁD²\qT, d�ÖçÔ�\qT d�Öçr¿£]+#á&�+, Xæ�dÓïjáT uó²eq\qT d�eTkÍ« |�]cÍØs��¿ì
�ÈJ$Ô��¿ì nqÇsTTkÍïsÁT.
�<�öö (i) ¿ìs�Ì|�t �jáTeT+, (ii) zy�T �jáTeT+, (iii) �sÃ<ó� �jáTeÖ\T, (iv) <�sÁÎDd�ÖçÔá+

¨ 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��D+ d�+�+~ó+ºq d¾<�Æ+Ô�\T,  (ii) zy�T �jáTeT+

¨ |�s�«esÁD nqTÅ£L\ eqsÁT\qT �|�jîÖÐ+º qeTÖH�\qT sÁÖbõ+~+º d��ÈH�Ôá�¿£ÔáqT ç|�<�]ôkÍïsÁT.
�<�öö (i) $<�T«ÔY yîÖ³sY, (ii) H

2
O, O

2
, CH

4
 nDTeÚ\ qeTÖH�\T.

¨ �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. The official documents of  National and State Curriculum

Frame Works and the Right to Education Act are aspairing to bring gross route 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:

• There is an immediate need to discard the practices adopted in the schools on a false

belief that teaching of 10th class means preparing the children for public examination. In

10th class the teaching learning process should focus on achieving the academic standards

and learning outcomes rather winning race of scoring marks.

• Avoid practices like using guides and question banks, asking the children to read only

important questions, focussing on lessons which help in scoring more marks.

• Read the lesson thoroughly before you start teaching and ask the children to read the

text. Then initiate a discussion to make the children understand the concepts in the lessons.

• Encourage children to express their own views and ideas while writing the answers. Give

weightage to such type of writing in examination.

• Some instructions are given in the textbook regarding the collection of certain information

by the teacher. Collect such information and make it available to students.

• In public examination, the weightage will be given to all aspects of the syllabus. Except

foreword of the textbook everything else must be treated as a part of the curriculum.

• 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.

• Teachers are advised to follow the following teaching steps while transacting lessons-

mind mapping, reading lesson and identifyng new words by children, performing activities,

demonstration and discussion, conclusion and evaluation.

• In the text, some special activities are presented as box 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’. To perform all of them is compulsory.

• The abbreviation (A.S.) given at the end of each question in the section “Improve your

learning” indicates academic standard.

• Collect information of relevant website addresses and pass on to students so that they

can utilize internet services for learning science on their own.

• Plan and execute activities like science club, elocution, drawing, writing poetry on science,

making models etc.to develop positive attitude among children about 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 for solutions to the problems systematically and preparing them to meet life’s challenges

properly.
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�bÍ<ó�«jáTTý²s�...
qÖÔáq $C²ãqXæçd�ï bÍsÄÁ«|�Úd�ï¿±\qT |¾\¢\ýË |�]o\H� Xø¿ìï�, |�]XË<ó�H�_óý²w�qT �|+bõ+~+#û$<ó�+>±

sÁÖbõ+~+#�sÁT.
¿±�{ì¼ �bÍ<ó�«jáTýË¿£+ @yûT$T #ûjáÖýË @yûT$T #ûjáTs�<Ã |�]o*<�Ý+.

• |�<ÃÔásÁ>·Ü nq>±Hû |¾\¢*� |�̄ ¿£�\Å£� d¾<�Æ+ #ûjáT&�+ ç|�<̧�eT ¿£sÁïe«+>± kÍ¹> uË<ó�H� $<ó�H�\Å£� d�Çd¾ï
|�\¿±*. eÖsÁTØ\ bþ{¡>± ¿±Å£�+&� kÍeTs��«\ kÍ<ó�H� ~Xø>± uË<ó�H�uó�«d�q ç|�ç¿ìjáT\T �sÁÇV¾²+#�*.

• Â>Õ&�\T, ¿£ÇXøÌH�u²«+¿ù\T �|�jîÖÐ+#á&�+, eTTK«yîT®q ç|�Xø�\qT eÖçÔáyûT #á~$+#á&�+, |�̄ ¿£�\ýË mÅ£�Øe
eÖsÁTØ\T bõ+<�&��¿ì MýÉÕq bÍsÄ�\�|Õ eÖçÔáyûT çXø<�Æ#áÖ|�&�+ e+{ì n+Xæ\Å£� Ô�eÚýñÅ£�+&� #áÖ&�*.

• eTq+ #á<�e&�yûT ¿±Å£�+&� $<�«sÁT�\ÔÃ Å£L&� bÍsÄÁ«|�Úd�ï¿±�� �kÍ+Ôá+ #á~$+#ûý² ¿£�w¾ #ûjáÖ*.
Ôá<�Çs� uó²eqý�|Õ ne>±V�²q ¿£*Ð+#�*.

• d�Ç+Ôá+>± s�jáT&��¿ì |¾\¢\Å£� �dÇ#áÌÛ�y�Ç*. |�̄ ¿£�\ýË �dÕÔá+ �ý² kõ+Ôá+>± s�d¾q d�eÖ<ó�H�\¹¿
çbÍ<ó�q«Ôá�y�Ç*. �bÍ<ó�«jáTT&�T �d¿£]+º |¾\¢\Å£� n+~+#�*àq d�eÖ#�sÁ $es�\T bÍsÄÁ«|�Úd�ï¿£+ýË
�+{²sTT. y�{ì� Ôá|�Î�d�]>± Ôî*jáTCñjáÖ*.

• uËsÁT¦ |�̄ ¿£�\ýË d¾\�dt yîTTÔ�ï�¿ì d�eÖq çbÍ<ó�q«Ôá �+³T+~. ¿±�{ì¼ nqT�+<ó�+ o]ü¿£ Ôá|�Î
bÍsÄÁ«|�Úd�ï¿£+ýË �q� n+Xæ\ú� d¾\�dt>±Hû |�]>·Dì+#�*.

• ç|�Ü bÍsÄÁ+ 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>·+>± �+{²sTT. ¿±�{ì¼ bÍsÄÁ+
|�PsÁïsTTq Ôás�ÇÔá #ûsTT+#áe#áTÌq� uó²$+#áÅ£L&�<�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*.

• 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+&�, nHû o]ü¿£\ýË �ºÌq ¿£�Ô�«\T Ôá|�Î�d�]>± �sÁÇV¾²+#�*.

• bÍsÄÁ«uË<ó�qýË yîT®+&�eÖ«|¾+>́ #ûsTT+#á&�+, |¾\¢\ÔÃ bÍsÄ��� #á~$+º nsÁ�+¿±� |�<�\qT >·T]ï+|�CñjáT&�+,
¿£�Ô�«\ �sÁÇV�²D, ç|�<�sÁôq`#ásÁÌ, eTTÐ+|�Ú, eTÖý²«+¿£q+ nHû kþbÍH�\qT bÍ{ì+#�*.

• �bÍ<ó�«jáTT\qT n&�Ð Ôî\Td�T¿Ã+&�, bÍsÄÁXæ\ ç>·+<̧�\jáT+, �+³Âs�{ÙýË |�]o*+#á+&� nHû n+Xæ\qT
uË<ó�qýË Ôá|�Î� d�] uó²>·+>± |�]>·Dì+#�* Ôá|�Î e~*yûjáTs�<�T.

• nuó�«d�H��� yîTsÁT>·T|�sÁT#áTÅ£�+<�+ýË ç|�Xø�\ ºesÁ �ºÌq A.S. $<�« ç|�eÖD²�� d�Öºd�Tï+~.
• �+³Âs�{Ù e+{ì kÍ+¹¿Ü¿£ |�]C²ãH��� $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�*.

• |�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 textbook helps you to learn in

that way.

What you need to do to achieve such things:

• In 10th class the range of concepts is wide. So go through each lesson thoroughly

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.

• Observe how each lesson is helpful to conserve nature. Put what you learnt into practice.

• Analyse how each teaching point has relation with daily life and discuss the things you

learned in your science class with farmers, artisans etc.

• Work as a group during interviews and field trips. Preparing reports and displaying

them is a must. Discuss on the report prepared.

• 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.
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