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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.

Let us know how to use QR codes

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

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

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. | Inthe search bar type DIKSHA.
3

. DMKSHA - Mationad Teachers Platform .
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MORE INFO INSTALL

will appear on your screen.
Click Install
After successful download and installation, Click Open

Choose your prefered Language - Click English
Click Continue
Select Student/ Teacher (as the case may be) and Click on Continue
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On the top right, click on the QR code scanner icon | and scana QR code
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#: printed in your book

OR

Click on the search icon

bar. (Q)

10. | A list oflinked topics is displayed
11. | Click on any link to view the desired content

and type the code printed below the QR code, in the search

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

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

Click on Explore DIKSHA-TELANGANA

Enter the code printed below the QR code in the browser search bar (O\)
A list of linked topics is displayed

Click on any link to view the desired content
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NATIONAL ANTHEM

Jana-gana-mana-adhinayaka, jaya he
Bharata-bhagya-vidhata.
Punjab-Sindh-Gujarat-Maratha
Dravida-Utkala-Banga
Vindhya-Himachala-Yamuna-Ganga
Uchchhala-jaladhi-taranga.
Tava shubha name jage,

Tava shubha asisa mage,
Gahe tava jaya gatha,
Jana-gana-mangala-dayaka jaya he
Bharata-bhagya-vidhata.

Jaya he! jaya he! jaya he!

Jaya jaya jaya, jaya he!!

- Rabindranath Tagore

PLEDGE

“India is my country; all Indians are my brothers and sisters.
I love my country, and I am proud of its rich and varied heritage.

I shall always strive to be worthy of it.

I shall give my parents, teachers and all elders respect,
and treat everyone with courtesy. I shall be kind to animals.

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

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

- Pydimarri Venkata Subba Rao
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THE CONSTITUTION OF INDIA

Preamble

WE, THE PEOPLE OF INDIA, having
solemnly resolved to constitute India into a
SOVEREIGN SOCIALIST SECULAR
DEMOCRATIC REPUBLIC and to secure to

all its citizens:

JUSTICE, social, economicand 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.




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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Retlection of light at
curved surfaces

curna
|

EZEBCA

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.

e [sthe image formed by a bulged surface same as the image formed by

a plane mirror?

e s the mirror used in automobiles a plane mirror? Why is it showing

small images?
e Why does our image appear thin or bulged out in some mirrors?
e (Can we see inverted image in any mirror?

e Can wefocus sun light at a point using a mirror instead of magnifying
glass?

e 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.

Government’s Gift for Students’ Progress o) Reflection of light at curved surfaces
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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 anormal at any point on the plane surface but for a curved or

uneven surface it is not straight forward.

Finding the normal to a curved surface

fig-1(a) fig-1(b) fig-1(c)

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).

Government’s Gift for Students’ Progress 4 Reflection of light at curved surfaces
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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.

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.

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 Normal

sphere. %o 'prlncipal axis
It is much easier to imagine this in a two (p01e) 4

dimensional fig. as shown in fig.-2(a). The concave 4 Jig-2(a)

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

find this centre point (centre of curvature) we have to §/ C . R

YD

~

-

think of the centre of the sphere to which the concave 5\{

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

. . : P
the mirror gives the normal at that point. % \

For the ray R, the incident angle is the angle it fig-2(b)
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 reflectioni =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?

Government’s Gift for Students’ Progress 6 Reflection of light at curved surfaces
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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. fig3

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 along 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. Letus 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).

A A A A

This point is called Focus or focal point

A

(F) of the concave mirror.

Government’s Gift for Students’ Progress 8 Reflection of light at curved surfaces
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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)?

e What happens if you hold the paper at a distance shorter than the focal
length from the mirror and move it away?
e 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

'
. . . rd
reflecting side of the mirror. Hence we follow = / <
s
a convention of showing lines on the non- L AL B
s . -~
. : . £ ..?. *"
reflecting side(coated side). —€——= >
g side( ) CIS P
AT, s <
Can you draw the same diagram for a convex N3 s~

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.

?
@8 Think and discuss

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

What conclusions can you draw from this?

e Will you get a point image if you place a paper at the focal point?

When parallel rays are incident on a concave mirror, on reflection they
meet at the focus.
e Do we get an image with a concave mirror at the focus every time? Let
us find out.

Government’s Gift for Students’ Progress 10 Reflection of light at curved surfaces
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45 Lab Activity

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

fig-6

-
g

SN e‘,Distance of paper | Eplarged Inverted or
. No. from mirror diminished ted
(image distance-v) HIHIISAE Crecte
1
2
3
4

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?.

Government’s Gift for Students’ Progress 12 Reflection of light at curved surfaces
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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.

e I[sitinverted or erect? enlarged or diminished?

Table - 2
Position of the Position of Enlarged/ Inverted or al or
candle (object) the image diminished erect al

p—

Between mirror & F
At focal point
Between F and C

At centre of curvature
Beyond C

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. fig-7

Government’s Gift for Students’ Progress 14 Reflection of light at curved surfaces
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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.

e 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 RN R,
we find any other simpler method? N\~ :
Yes, there are a few. Based on our discussion so T, 1 l
far, we can identify some appropriate rays which we ¥ \\ C
can take as representative rays to find the point ‘A’. fig-8
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 theray R 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.

Government’s Gift for Students’ Progress 16 Reflection of light at curved surfaces
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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, in fig.-9.

Using the rays R, R, and finding the point
where they intersect we know the point where the
image of the tip is formed.

j/?/ﬂ

? fig-9

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, in the fig.-10. In
general, aray 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

Government’s Gift for Students’ Progress 18
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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.

e  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 "l: -
the object is placed beyond the centre of j \\/Rz/ﬁ
curvature. Does this conclusion match p FNUL C
with your observations? (Lab Activity) - A
Draw similar diagrams for other
fig-12

cases and verify that they match with your

observations.

e 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

R?
focal length of the mirror. — O[\F p
The firstray (R,) will start from \
tip of the object and run parallel to

axis to get reflected so as to pass

through the focal point. fig-13

Government’s Gift for Students’ Progress 20 Reflection of light at curved surfaces
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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 e .

¥ ~
found an image. !

In such situations, however, we " {\
. . J
do see an image when we look in;, 1 P 0 F\\ C ~

the mirror. Is it possible to explain

this image witha ray diagram?

Remember what we did to find

fig-14

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.

Government’s Gift for Students’ Progress oy Reflection of light at curved surfaces
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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 3\\/
conclude that the image of the object will
be formed at the same distance as the a/\
object and it will be inverted and of the = ~
same size. fig-15

What is your observation?

g?‘ Think and discuss

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

e Draw aray diagram. Do the experiment.

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 atthe 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. fig-16

Can we draw ray diagrams for convex surfaces?
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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 fig-17
ray travelling in the 7
E#‘# direction of the focal point, after
fig-18 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 C F p
centre of curvature. See fig.-19. 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 % // R B
Rule(3), we getan erected, diminished, ~ ..: :i:’BIi 2 "% R,

and virtual image between Pand Fon ¢ F A Jp A

the back side of the mirror. This image
can not be caught on screen and visible fig-20
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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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) ofthe

object AB is emanating parallel to principle X a5
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 XB' and YB' are meeting at B'. So B'is the image of B. Hence
the image of AB is A'B.

From the above fig. - 21.

AABC and AA'B'C are similar triangles

AB AC
— = (1)
AB  AC
Draw a line XP! perpendicular to the principle axis.
Similar AP'XF andAA'B'Fare similar triangles
PX PF
o= e (2)
AB AF
From the fig. - 21, we can say that P'X =AB
45 IX G)
R
from the equations (1), (3) we can write
AC PF
=== 4)
AC AF

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

considered, we can say that P! coincides with P
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Then P'F = PF
AC _PF
A'C  AF
We can observe from fig. 21, that
AC=PA -PC
AlIC =PC - PA!
AF = PA!' - PF

by substituting these in equation (5)
PA —-PC PF
PC-PA' PA-PF ©)
we know that PA=u, PC=R =2f, PA!'=v, PF=f
u-2f f
o v v-f
(u=2f) (v-1H)=f(2f-v)

uv —uf—2vf+ 22 =2f> —vf

uv=2f>—vf+uf+2vf-2f°
uv= uf+vf (7)
Divide equation (7) with uvf

uv uf N vf :1=_1+_1

wvf - wf  wf  f v ou

L1
The relationis 7 = 4 + a 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 ) and height of image (h,) are positive if measured

upwards from the axis and negative if measured downwards.
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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 O'is incident at pole
with an angle of incidence 0, and get reflected

- o
with same angle 0. = i
From fig. 22 we can say that APOO! and r o q L
APII! 3
are similar triangles. So
O% - % ................ 1) figz22
according to sign convention
PO= —u; PI= —v; OO'=h; II' =-h
Substuting the above values in equation (1).
—h. -V . Vv
DT
] ) ) “hy v
.. Magnification m _E N,
height of image(h,)
We define the magnification, m= height of object (h, )
In all cases it can be shown that
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. o'

Solution

Accordint to sign convention:
focal length  (f)=—-15cm fig-23
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object height (h ) =+4cm
image distance (v) =?
image height (h,) =?

Substitute the above values in the equation

[F)-GIE)

1 1 1 1 1 1
- | == — R _ =
(—15) v 25 g (25) 15
1_-2
\ 75

= v=-37.5cm

So the screen should be placed at 37.5¢cm from the pole of the mirror.
The image is real.

ificati - LY
magnification m = h "
e 1 h (375
y substituting the above values 4 (25)
L (37.5x4)
i (25)
h, =—-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 ustry:

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?)
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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)

centre of curvature, radius of curvature, principal axis, pole, focus/focal
point, focal length, object distance, image distance, virtual image, real
image, magnification

E What we have learnt

e Normalto the curved surface at a point on it is the line joining the centre of curvature and that

point.

1 1 1
e Mirror formula: (—j =(—j + (—j
f A u

size of the image h,
size of the object ) ( h

(or)
image distance (v
M=~ object distance )~ | u
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e The image formed by actual intersection of reflection rays is called real image. This can be
caught on screen.

e Theimage formed by controlled rays ofreflection is called virtual image. It cannot be caught

on screen.
Position of the Position of Enlarged?/ | Inverted or | Real or
candle (object) the image diminished? erect virtual

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

I. Reflections on concepts

1. Where will the image be formed whenwe place an object on the principal [=]%
PEF3V4

axis of a concave mirror at a point between focus and centre of
curvature?(AS,)

State the differences between convex and concave mirrors? (AS))
Distinguish between real and virtual images. (AS))

How do'you get a virtual image using a concave mirror? (AS))

A

What do youknow about the terms given below related to spherical mirrors? (AS )
a) Pole b) Centre of curvature c¢) Focus
d) Radius of curvature e) Focal length f) Principal axis

g) Object distance h) Image distance 1) Magnification

6. What do you infer from the experiment which you did to measure the object distance and
image distance? (AS,)

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 cminfront of a concave mirror whose radius of curvature is 8 cm. (AS))

2. The magnification product by a mirror is +1. What does it mean?(AS )
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If the spherical mirrors were not known to human beings, guess the consequences.(AS.)
4. Draw suitable rays by which we can guess the position of image formed by a concave
mirror? (AS,)
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,)

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

III. Higher Order Thinking Questions

1. A convexmirror with a radius of curvature of 3 mis used as rear view mirror for a vehicle.
Ifabus is located at 5 m from this mirror, find the position, nature and size of the image?
(AS))

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

mirror? Explain witha ray diagram? (AS,)

@ Multiple choice questions

1. Ifanobject is placed at C on the principal axis in front of a concave mirror, the position of the
image is [ ]
a) atinfinity 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. Whichofthe following represents magnification ‘m’ for the case of mirrors?

v i 0
D if) —~ i) 5 V) G [ ]
a) (1) & (ii) b) (ii) & (iii) c) (iii) & (iv) d) (iv) & (1)

5. Raywhich seems to be travelling through the focus ofa convex mirror, path ofthe 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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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. Anobject 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=15cm [ ]
a) 15cm b) 10 cm ¢)30cm d)7.5cm

8. Allthe 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) 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 ofa concave mirror.

%, Suggested Project Works

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

onit:

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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]
2 Chemical Equations

[,
-

15P5P

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.

e The process of digestion.

e Burning of the crackers.

e The process of Respiration.

e Powdered lime added to water.

¢ Ripening of'the Mango.

e 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.

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

Let us perform some activities to know this.
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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.
e 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.

e 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_SO,).

Take about 100ml of water in another beaker-and ot
dissolve a small quantity of barium chloride (BaCl,).
Observe the colours of the solutions obtained.

e What are the colours of the above solutions?

e (Can youname the solutions obtained?
Add Na,SO, solution to BaCl, solution and observe.

. . o fig-1:Formation of barium
e Do you observe any change on mixing these solutions® sulphate precipitate

Activity 3

Take some zinc granules in a conical flask. \
Add about 20 ml of dilute hydrochloric acid to “‘ﬁ%\\
the zinc granules in the conical flask. v

Observe the changes in the conical flask.

e What changes do you notice?

Now keep a burning match stick near the
mouth of the conical flask. Conical plask
e What happens to burning match stick?

e Touch the bottom of the conical flask with

your fingers. What do you notice?

Dil. HC/

Zinc granules

e Isithot? fig-2:Formation of hydrogen
gas by the action of dilute HCI

From th tiviti n . .
0 e above activities you ca on zinc and testing of H, gas

conclude that during a chemical change:
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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.
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 — 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

e Canyou 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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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,O and the compound formed by the
reaction of these two compounds is calcium hydroxide Ca (OH).,.

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

CaO + HO = Ca(OH), wooooroiirrrrone )

In the above chemical equation, count the number of atoms of each
element on left side and right side of arrow.
e [s 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 HC/ to yield ZnC/, and liberates Hydrogen gas.

Zn+  HCI = ZnCL +  Hy oo i 3)

Sodium sulphate reacts with barium chloride to give white precipitate,
barium sulphate and sodium chloride.

Na,SO, +BaCl, = BaSO,+NaCl ... 4)

e Do the atoms of each element on left side equal to the atoms of the
element on the right side of the equation?

e 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),. After two
days the wall turned to white colour.

e 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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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 NaC/ for example is one Na* (Sodium ion)
and one C/" (Chlorine ion); one formula unit of MgBr, is one Mg**ionand
two Br-ions and one formula unit of water is one H,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+0, -» HO ... %) No of atoms
22 2 Element
Step 2: After writing the molecular formulae LHS RHS
of the substances the equation is to be balanced. H o) )
For this we should not touch the ratio of atoms in 0 ) 1

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 + O - 2HO ..c.ooeneen. 6)

2 2 2
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.
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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,H,) in presence of oxygen

Propane, C , H, 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.

CH, +0, » CO, + HO ..... (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 Element No of atoms
coefficients to balance the equation. It LHS RHS

is better to start with the most complex | 3(in C,H) |1 (in CO,)
substance — in this case C,H,. Lookat = H 8 (in C,H,) | 2(in H,0)

the skeleton equation, (7) and note that | O 2(in0,) |[3(inCO,,H0O)

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, on the right side the carbon atoms get balanced.

CH, .+ O > 3C0, + HO cooooomnnnn ®)

2
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,O on the right, the hydrogen atoms get balanced.
CH, + O - 3CO, + 4HO ................ )

2
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, on the
left, the oxygen atoms get balanced.

CH, + 50, =  3CO, +4HO .o (10)
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CH, + 0, = 3CO, + HO e (8)
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o8l HEresden HESDS 10 e s HSrewden saon S sHIHee
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CH, + 50, =  3CO, +4HO e (10)
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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:

2CH, + 100, - 6CO, + S8HO....ccoeuueeee (11)

e [sitabalanced equation as per rules?
e Howdoyousay?

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,H, + 50, = 3CO, +4HO......ccoccuc.... (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 O, + Al - Fe + ALO;.............. (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.

Elements No. of atoms in reactants No. of atoms in products
Fe 2 (inFe O)) 1 (inFe)
0 3 (inFe,0)) 3 (inALO,)
Al 1 (inAl) 2 (inALO))

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, O, + Al = 2Fe +  ALO, .. (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 ALO,), to balance ‘Al’ atoms on both sides multiply ‘Al’ by 2 on left
side of arrow mark.

56

Chemical Equations



BFK03: VNG @) Hesseeld EIQ roposredy ERowed. oS
&Heg0 5N ) 38088 MHeaseen é@é éycsgo'?enmf) €00 S°aaé§ A
oD @HHBo B, wond @) éocﬁc‘goé‘s 88 JEgo S

STPPEe5 a8 dE8mo 808 Do &od g omro.

2CH, + 100, - 6CO, + 8HO ..o (11)

o Jahdre (Heedo 36 Hey $0EBeaT?
e D der Bé&ﬁ@@?

380 (11) é)@é BB Se0 esow:é@é%g 2%8@9@5& ééozg Kqu;o@e»
SV sm@ KDSQS"QJ@&OG’S{O ‘2 B grhod éﬁ)é ?’.9500:‘;09@@35&)% 02T,
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Fe O, + 2A1 = 2Fe + ALO, .. (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, O, + 2A1 > 2Fe + ALO; .. (16)

Elements No of Atoms of Reactants No. of Atom@ts
Fe 2 (in Fe,0,) 2(in Fe)
0 3 (in Fe,0,) 3(inALO,)
Al 2 (in2 Al) 2(inAlLO,)

(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 (ifany)
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), (1) 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,0,,+ 2Al —> 2Fe  + ALO,  ..... (17)

273(s) 273 (9)
A represents heating.
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Fe,0, + 2Al = 2Fe + ALO, .o (15)
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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) + 0O, © CO, ® + Q (exothermic reaction)

2. N, o T 0, © 2NO © " 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(T).or
(2

Eg:Zn (+H,SO, . > ZnSO, . +H, T
2.2.4 Expressing precipitate formed

If a precipitate is formed in the reactions it is denoted by a downward
arrow (V).

Eg: AgNO,  + NaCl > AgCl ¥ +NaNO,

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,  ——— 2Ag +CL,

Sunlight
6C02 (® +6 H2O (0] Chlorophyll C6H1206 Q) + 602 (®
(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.

Government’s Gift for Students’ Progress 60 Chemical Equations



222 &8 Srdnod BOERL

6%@& Dotse Bl 2267 SEgoP GRIBE SEgen (exothermic reac-
tions), 6%&)& (138> 2381 15650263 \%g@%{?é 665@ (endothermic reactions)
@08 > Bod SBKBHE’ 362)@@&63. 808 Gresrdeaen HenloLol.

1. C(@) + 0, - - Cozw) +Q (6538 $%g)

2. Nz(@,) +02(§u) - 2NO - Q (&3 [(PE $55)

B 0EGe0s® ‘Q’ 62% 38 JorD0k. @%Oﬁﬁ&@é@ D ERGE 0% (+)
HAPSE SEFO, VIS 198 (-) SRIPSE SO ok
2.2.3 SPANY) B0 IrQowsto

28 BIPOHS isééés TPOND) DRSBTS, e 28 SN a8 ereasd (
1B ar.) 158" $rdIro.

O Zn _+HSO —>  ZnSO + H
@ 2 A 4@ 2 (@)

2.2.4 95350 KT ‘oo
&8 BIRADI iﬁééé’s @Eﬁé&’)o 53603&3 AR 800 FHBH TN eTeaR)
158" (1) Sradro.
& AgNOB(&.@D) + NaC/ N\ g AgCl(@) \L +NaNO3(m@)
SYRG © 585 5HTDE @BHEPS SR, Hio, aB)5o FEBS
ePees) 1H8) 8oded), PRI Jrdosito stiheédod.
sTiRSns,
2AgCl, T 2Ag +CL
6CO,_+6HO

J855e08

CH, O + 60

Sega] 6 712776 () 2 ()
(o)

2.8 Hog BPHS JwBBeso BOcHED o

i) BRrchS D80 [Bosredsten HBGH BoiraTes $onododD
&oe, &&é@@é) K020500% Jrorso BOHE0H

i) Q2 Harested) IodS HESeeanHen 66563 @"@:3‘&@7’, QY Soeerseerdd
BoBY (Bireeger DGR Ben)Eob.

iii) Boiredsren O BoiremTed HoRoHodS FRY BTrde HO0AS
Qe5eerto BenEoh. Tpeerb (EordHod ‘CrlRh oed'(U) re SgEXodsin.

iv) a83¢ $&o8Seaos® (BSresTyge, (Eobedsre (50Ol (eSnes®
$BHOR, 0b T Frerd IQ)HODH BeoHHos.

V) 2855 BRras $556° araiden BeoDEE, T8 (BXoHe, pR0smEre
DEPE0 TR 7B 05505 KBoTd. S R aaPe $%°e(STP)
G DOBBS oo Frerd (($oed HBc Irerd  pDHdLreEre

5o Hookio T 88)0Ted.

Doeghe DPFRS (©hy s 61 BPCHIE SBgen - $oBBered



Government’s Gift for Students’ Progress

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

¢) volume - volume relationship

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

Example-1: Al o TFe0;y ALO; + Fe o

(atomic masses of Al =27U, Fe = 56U, and O = 16U)
2Al o +Fe 0, © - AlLO, o + 2Fe (s> (isa balanced equation.)
(2x27)U  + (2x56+3x16)U = (2x27+3x16)U + (2x56)U
54 U + 160 U - 102U + 112 U (in Atomic mss units.)
or2mol + 1 mol - 1 mol + 2 mol (in Atomic mss units.)
54 ¢ + 160 g - 102¢g + 112 g (inAtomic 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 - Iron

54 ¢ - 112 g

Xg - (1120 x 1000)g

(1120x1000)g x 54 g
- XET 2 g

= 10000 x 54 g
= 540000 g or 540kg

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 © + 2H,0 " - 2NaOH(a q) + H, (g)T

(2x23)U  + 22x1+Ix16)U >  2(23+16+1)U + (2x1)U
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46U + 36U - 80U + 2U
or46g + 36¢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.
230gx2g
—4%6g 10g of hydrogen

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

2.0g
2 g of hydrogen i.e, 1 mole of H, contains 6.02x10>* (N ,) molecules

= 112 litres

10 g of hydrogen contain .................... ?
10.0g x 6.02x10% molecules

2.0g
=30.10 x 10? molecules
=3.01 x 10** molecules

Example 3 : Calculate the volume and No. of molecules of CO, liberated
at STP. If 50 g. of CaCQO, is treated with dilute hydrochloric acid which
contains 7.3 g of dissolved HC/ gas.

The Chemical equation for the above the reaction is
CaCO, +2HC[ - CaC/, +H,O A +CO
(S) (aq)

dag 200 2
As per the metric staichio equation 100g of CaCO, reacts with 73g
of HCI to liberate 44 g of CO,

In the above problem the amount of CaCO, taken is 50g and HC/
availble is 7.3g.

100g of CaCO, require 73g of HC/ and 50g of CaCO, required
36.5g of HC/ but, only 7.3g of HC! is available.

Hence the product CO, formed depends only on the amount of HC/
which is in the least amount but not on the amount of CaCO, which is an
excess.

The reactant available in less amount is called /imiting reagent as
it limits the amount of product formed.
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73 gof HCI = release 44 g of CO,
7.3 gof HC/ -?

7.3¢g x 44g

=44
73g s

44 g of CO, occupies 22.4 L volume at STP
How much valume does 4.4 g of CO, occupies - ?

4.4gx 22.4 litres
—————— =224 litres
44¢

44 g of CO, contain 6.022x10* molecules of CO,
4.4 g Contains - ?

4.4gx6.022 x 10%
44 g

=6.022 x 10* molecules

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.

E What we have learnt

Government’s Gift for Students’ Progress

A Chemical equationis 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

1s 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.
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I. Reflections on concepts

1. What information do you get from a balanced chemical equation? (AS ) (=] ey 8
I11C913

2. Why should we balance a chemical equation? (AS )
3. Balance the following chemical equations. (AS))
(a) NaOH+ H,SO, 2Na,SO,+H,0
(b) KCIO,~KCI + O,
(c) Hg (NO,),+ KI = Hgl,+KNO,
4. Mention the physical states of the reactants and products of the following chemical reactions and
balance the equations.  (AS))
() CH,0,~ CHOH+CO,
(b)NH, +Cl, > N, +NH,CI]
(c)Na+H,0O—> NaOH+H,

II. Application of Concepts

1. Balance the following chemical equation after writing the symbolic representation. (AS)
(a) Calcium hydroxide (s) + Nitricacid (aq) = Water (1) + Calcium Nitrate (aq)
(b) Magnesium (s) + lodine (g) = Magnesium lodide (s)

2. Write the following chemical reactions including the physical states of the substances and balance

chemical equations. (AS))
(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 6.023x10%*
formula units of CuCl, Calculate the moles of copper obtained (AS))

Zn(s) + CuClz( - ZnClz(aq) + Cu(s)

aq)
2. 1 mole of propane (C,H,) on combustion at STP gives ‘A’ kilo joules of heat energy.

Caliculate the heat libarated when 2.4 Itrs of propane on combustion at STP. (AS))

3. Caliculate the mass and volume of oxygen required at STP to convert 2.4 kgof graphite
into carbon dioxide. (AS))
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Acids, Bases

cunrn
3 and Salts

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.

e 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.

Nty
-2: Do you know?

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.
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3.1 Chemical properties of Acids and Bases

Response of various laboratory substances with indicators.

Collect the following samples from the science laboratory;
hydrochloric acid (HC/), sulphuric acid (H,SO,), nitric acid (HNO,),
acetic acid (CH,COOH), sodium hydroxide (NaOH), calcium hydroxide
[Ca(OH),], magnesium hydroxide [Mg(OH),],ammonium hydroxide
(NH,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

HC!

H,SO,
HNO,
CH,COOH
NaOH
KOH
Mg(OH),
NH,OH
Ca(OH),

O | X || AN | DN | |W -

e What do you conclude from the observations noted in table-1?
e Identify the sample as acidic or basic solution.
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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 HC!/
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 HC/ 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 HC/ 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.

e What do you conclude from above activity?

e Why pickles and sour substances are not stored in brass and copper

vessels?

?
@8 Think and discuss

e (Can you give example for use of olfactory indicators in daily life?
Discuss with your teacher.
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3.1.1 Reaction of Acids and Bases with Metals

4 Lab Activity

Cork Delivery tube
Stand

o =g °

Test tube 09

. Glass
Zinc granules  trough

‘_l

fig-1: Reaction of zinc granules with dil. HCI and testing hydrogen gas by a burning candle

Aim: To observe the reaction of Acids with Metals.

Materials required: test tube, delivery tube, glass trough, candle,
soap water, dil. HC/, and zinc granules, cork.

Procedure: Set the apparatus as shown in fig. 1.

- Take about 10ml of dilute HC/ 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, .

The chemical reaction of the above activity is:

Acid + Metal - Salt + Hydrogen

2 HC! @ T Zng - 7ZnCl + H

2 (aq) 2(»
Repeat the above experiment with some other acids like H SO, and

HNO,.
e What do you observe in all these cases?
From the above activities you can conclude that generally H, gas is

evolved when acid reacts with metal.
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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,) and salt formed is sodium zincate. The reaction is written as

follows.

2NaOH __ +Zn, = Na,ZnO, . + H, T

(aq) ® 2 (aq) 2(2)
(Sodium zincate)

From the above activity you can conclude that generally H, gas is
evolved when base reacts with metal.

3.1.2 Reaction of acids with carbonates and metal hydrogen
carbonates

Activity 4
e Take two test tubes; label them as Aand B. Take about 0.5 gm of sodium

carbonate (Na,CO,) in test tube Thistle
Stand funnel

A and about 0.5 gm of sodium
hydrogen carbonate (NaHCO,) Cork
in test tube B.

e Addabout2sl of dilue HClto O =1
both the test tubes.

]—COZ gas

Test tube
dil. I.-;Cl Ca(OH),
e Whatdo youobserve? ad . solution

i Na,CO,
e Pass the gas produced in each

case through lime water

fig-2: Passing CO, gas through
(calcium hydroxide solution) as Ca(OH), solution

shown in Fig-2 and record your observations.

The reactions occurring in the above activities are as follows:
Na, CO,  +2HCI - 2NaCl  + HO +CO, T

3(S)
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NaHCO, ( + HCI =~ = NaCl  +HO +CO, T

Pass the gas evolved through lime water.

Ca (OH), , + CO CaCO,! + H,O,

(White precipitate)

2(g)

On passing excess carbon dioxide the following reaction takes place:

CaCo, ¢+ H,0,+CO,, = Ca(HCO,),

(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 - salt + carbon dioxide + water

metal hydrogen carbonate + acid = 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 phenolphthaleinindicator. Observe the colour of the solution.
- Add dilute HCI solution to the above solution drop by drop. Is
there any change of colour of the solution?
e Why did the colour of the solution change after adding the HC/
solution?
- Now add one or two drops of NaOH to the above mixture.
e Does the Pink colour reappear?
e Do you guess the reason for reappearance of pink colour?

In the above activity you observe that the pink colour disappears on
adding HC/ because NaOH is completely reacted with HC/. 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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NaOH , + HCI, = NaCl +HO,

The reaction of an acid with a base to give a salt and water is known as
aneutralization reaction. In general, a neutralization reaction can be written as:
Base + Acid - Salt + Water

?
28 Think and discuss

¢ s the substance present in antacid tablet acidic or basic?
e What type of reaction takes place in stomach when an antacid
tablet is consumed?

3.2.1 Reaction of Acids with metal oxides

e 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.

e What do you observe in the above reaction?

e You will notice that the copper oxide present in the beaker dissolves

in dilute HC/ 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 —=> Salt + Water

Write the chemical equation for the reaction between copper oxide

and HC/ 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.

e Whatdo 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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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.

?
28 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?

e 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.

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.

M 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 HC/ in the beaker and switch on the current.
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ACplug

230 volt Ci’? RY ?1 "r,:’r Bulb

e What do you notice?

Repeat activity with dilute

sulphuric acid and glucose and
alcohol solutions separately. é'—_"“‘:
e What do you observe? (I
e Does the bulb glow in all cases?
You will notice that the bulb
glows only in acid solutions but not = dil. HC/ solution
in glucose and alcohol solutions. 1 Graphite rods
Glowing of bulb indicates that there —
is flow of electric current through ﬁg-i;}%ﬁc}vs lggt:c)?rﬂt;mter

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 HC/ 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.
e Does the bulb glow?
e 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.
- Take about 1.0g of solid NaC/ in a clean and dry test tube.
- Add some concentrated sulphuric acid to the test tube.
e What do you observe? Is there a gas coming out of the delivery tube?

Let us write chemical equation for the above reaction.

2NaCl, + H,S0 2HC/, T + Na,SO,,

40
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Test the gas evolved successively with dry and wet blue litmus paper.
In which case does the litmus paper change colour?

e What do you infer from the above observation?

You can conclude that dry HC/ gas (Hydrogen chloride) is not an acid
because you have noticed that there is no change in colour of dry litmus
paper but HC/ 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.

e (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.

/Moist litmus paper

Delivery tube

Test tube #— Cork
—Test tube

Conical flask
containing
conc H SO,

fig-4: Preparation of HCI gas

The HC/ gas evolved at delivery tube dissociates in presence of water
to produce hydrogen ions. In the absence of water dissociation of HC/
molecules do not occur.

The dissociation of HC/ in water is shown below.

HC/ + HO - H,O" + CI-
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,O".

H* + HO - HO'
You have learnt that acids give H,O" or H" ion in water.
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Let us see what happens when a base is dissolved in water.

H,O
NaOH() — Na*( + OH -
S aq) (aq)
H,0
KOH() _— K+ ( + OH-
S aq) (aq)
H,0 )
Mg (OH) Mg”,,+20H"

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), 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?

- Take 10 ml water in a test tube.
- Add afew drops of concentrated H,SO, to itand swirl the test tube slowly. Touch
the bottom of the test tube.
e Whatdo you feel?
e [s it an exothermic or endothermic process?
Carry out the above activity with sodium hydroxide pellets instead of
H,SO, 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 fig-5: Warning sign

) displayed on containers
heat generated may cause the mixture to containing concentrated

splash out and cause burns. Acids and Bases
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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,0 "/OH") per unit volume. Such a process is called dilution

and the acid or the base is said to be diluted.

3"’3 Think and discuss

e Why do HC/, HNO, etc., show acidic characters in aqueous solutions
while solutions of compounds like alcohol and glucose do not show
acidic character?

e While diluting an acid, why is it recommended that the acid should
be added to water and not water to the acid?

Can you decide the strength of an acid or base solutions?
Let us find.

3.6 Strength of acids or bases

2 2

Actest to know whether the Acid is strong or weak.

- Take two beakers Aand B.

- Fill the beaker Awith dil. CH, COOH (acetic acid) and beaker B

with dil. HC/ (Hydrochloric Acid)

- Arrange the apparatus as used in activity-7, and pass electric current

through the solutions in separate beakers.
e What do you observe?
e Can you guess the reason for the changes you observed?

You notice that the bulb glows brightly in HC/ solution while the
intensity of the bulb is low in acetic acid solution. This indicates that there
are more ions in HC/ solution and fewer ions are present in acetic acid
solution. More ions in HC/ solution mean more H,O"ions.Therfore it is a
strong acid. Whereas acetic acid has fewer H,O"1ons and hence it is weak

acid.
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Carry out the above experiment by taking bases like dil. NaOH (sodium
hydroxide) and dil. NH,OH (ammonium hydroxide) instead of acids.
e 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.

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,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.

neutral 102

Acidic

¢ Lot 107 W

fig. - 6: Changes in pH values with charge in the concentration of H', OH ions.
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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.
Table-2
S.No.| Solution Colour pH Approxima@ure of
paper pH va substances
1 HCI
2 CH,COOH
3 NH,CI
4 CH,COONa
5 NaHCO,
6 Na CO,
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)
ACID NEUTRAL  ALKALI

r strong weak Y~ r~weak

onn ST aan

fig -7: pH value as shown by different colour in universal indicator
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The strength of acid or base depends on the concentraction of H,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,O" ions are said to be strong acids that give

fewer H,O" ions are said to be weak acid. Can you now predict what weak and

strong bases are?

e What is the nature of each substance on the basis of your observations?

NNty
-?: Do you know?

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'. Forexample,
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* M (pH=14). Figure 8
depicts the pH scale with common
solutions.

battery acid —

lemon juice —

purerain (H,O in
equilibrium with
atmospheric CO, |

freshly |
distilled water

seawater —

baking soda
(NaHCO, solution)

household
ammonia (NH,) |

household bleach
(Na,CO, solution) |
household lye__|

w40 =~ o0 AW A= D

lilllllllllliII|!||||||HJIII|1I|EI|IIIIIIHIIHIljiI

I
-y
=

(NaOH solution)

e e
HBoWw N

I:WIIII.I:II

gastric fluid

_=  carbonated
E/ beverages

vinger

= orange juice

E—beer
——coffee

——egg yolks

‘l'lWII
2

blood

11 :!II|I.]I|||

magnesia

[Mg(OH),]

solution

fig -8: Solutions and the
placement of them on pH

scale
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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.

?

:ﬂ Think and discuss

e What will happen if the pH value in our body increases?
e Why do living organism have narrow pH range?

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. Ithelps in the digestion of food without harming the stomach. During
indigestion the stomach produces too much acid and this causes pain and
irritation. To getrid 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.
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Activity 12

- Take dil. HC/ 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.
e What is the reason for the change in colour of solution?

e (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.

:?ﬂ Think and discuss

e What can you conclude about the ideal soil pH for the growth of
plants in your region?
e Under what soil conditions a farmer would treat the soil of his

fields with quicklime or calcium carbonate?

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.
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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. Letus 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, NaC/ and Na,SO, belong to the family of
sodium salts. Similarly, NaC/, and KCI 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).
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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.

Table - 3

Salt pH Acidic Basic Neutral

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.
e Whatdo 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
ofacid with base. Salts areelectrically 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 1s mined like coal.
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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.

'z

1y,
2> Do you know?

e

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. 87
The tax levied by the British By
government on common food | :
substance (salt), for both the poor %
and the rich, made them to become 4
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.
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2NaCl  +2HO - 2NaOH + Cl, +H
aq) 270 (aq) 2 2@

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

l at Cathode

=]
NaOH
Fuels, margarine, Water treatment, swimming pools, PVC,  De-greasing metals, soaps and detergents,
ammonia for fertilisers disinfectants, CFC’s, pe‘sticides paper making, artificial fibres
HYDROCHLORIC ACID BLEACH (CaOCl) . .
For: cleaning steel, ammonium chloride, medicines, cosmetics For: household bleahes, bleaching fabric

fig-9: Important product from chloro-alkali process

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. Bleachingpowder is produced by the action of chlorine
on dry slaked lime [Ca(OH),]. Bleaching powder is represented by formula

CaOCl,, though the actual composition is quite complex.
Ca (OH), + Cl, - CaOCI, + H,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.
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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,). It is

prepared as follows:
NaC/+HO+CO,+NH; = NH,C/ + NaHCO,

e Canyou find the pH of sodium hydrogen carbonate as you have done in
activity-14?

e Canyou predict the reason for using NaHCO, 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, — Na,CO, + H,0+COQ,

Uses of sodium hydrogen carbonate

1 Baking powder mainly contains NaHCO, and its other components
are Ca(H,PO,), and starch. NaHCO, produces CO, 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 Itisalso used as soda-acid in fire extinguishers

4 “Itacts as mild antiseptic.
3.7.9 Washing soda (sodium carbonate)

Another chemical that can be obtained from sodium chloride is
Na,CO,. 10 H,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

1s also a basic salt.
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Na, CO,+10H,0 - Na,CO,-10H,0
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 Itisused in the manufacture of sodium compounds such as borax.

3 Sodium carbonate can be used as a cleaning agent for domestic
purposes.

4 Itisused for removing permanent hardness of water.
What does 10 H,O signify from the above equation?
Does it make Na, CO, 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.

e What change did you notice in the
colour of the copper sulphate after
heating?

e Did you notice water droplets on
sides of the test tube? Where did
they come from?

Add 2-3 drops of water on the Jig-10: Removing water
sample of copper sulphate obtained of erystallisation
after heating.

e Whatdo 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,-5 H,O.
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e Now you would be able to answer the question whether the molecule of
Na, CO,-10 H,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,- 2H, 0.

Let us see the use of this salt.
3.8.1 Plaster of paris (CaSO, - /2 H,0)

On careful heating of gypsum (CaSO, 2 H,O) at 373 K it loses water
molecules partially to become calcium sulphate hemihydrate
(CaSO, 2 H,0). 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," sHO + 1%4HO - CaSO,2H0

(Plaster of Paris) (Gypsum)

Note: You might have noticed that only halfa water molecule is shown to
be attached as water of crystallisation.
e How can you get half a water molecule?

It is written in this form because two formula units of CaSO, 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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E What we have learnt

)
.

2.
3.
4
5

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 inits crystalline form.

Salts have various uses in everyday life and in industries.

Reflections on concepts

An acid or a base is mixed with water. Is this process exothermic or
endothermic one? (AS )

Distilled water does not conduct electricity. Why? (AS))

Draw a neat diagram for showing acid solution in water conducting electricity. (AS,)
Why the flow ofacid rain into a river make the survival of aquatic life in a river difficult? (AS )

How does baking powder make the cake soft and spongy? (AS.)

II. Application of concepts

1.

Five solutions A, B, C, D and E when tested with universal indicator showed pH as 4, 1, 11,
7and 9, respectively, classify the solutions as given below.(AS))

(a) neutral (b) strongly alkaline  (c) strongly acidic
(d) weakly acidic (e) weakly alkaline
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2. Whydoes tooth decay start when the pH of mouth is lower than 5.5? (AS))

3. Amilkman adds a very small amount of baking soda to fresh milk. Write reasons for the
following. (AS.)

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 )

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 ofboth the acids

are the same. In which test tube will the fizzing occur more vigorously ?why? (AS )

ITI. Higher Order Thinking Questions
1. Fresh milk has a pH of 6.6. Explain why the pH changes as it turns into curd? (AS,)

2. How do you prepare an indicator using beetroot? Explain. (AS,)

@ Multiple choice questions

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 ofmethyl 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)l B)4 O)S 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) HC!/ C) LiC!/ D) KC!/

6. Ifabase dissolves in water by what name is it better known? [ ]
A)neutral B) base C) acid D) alkali
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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 gasis 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 areport on it.

2. Do all vegetables are acids?To find this investigate with p* paper and tabulate the values

and write areport on it.

3.  Collect information about importance ofthe p™ 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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Refraction of Light at

S
Curved Surfaces [=les v

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.

e Have you ever touched a magnifying glass with your hand?

e Have you touched the glass in the spectacles used for reading with
your hand?

e Isitaplane surface or curved surface?

e [s 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 tounderstand refraction of light at curved surfaces.

4.1 Refraction of light at a curved surface

T ciivity 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).
e Whatdo you see?

You will see a diminished (small-sized) image of the arrow

e Whydo yousee a diminished image?
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e s the image real or virtual?
e (Canyou 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.

e What do you see now?
e Do you get an inverted image?
e 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 Ar
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 Curve
surface, travels through water, comes out of the glass and surface
forms an inverted image. fig-1

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.

e What happens to a ray that is incident on a curved

surface separating the two media? N
e 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 fig-2

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’.

e How do rays bend when they are incident on a curved surface?
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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.

e 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.
e 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 incidentray is parallel to the principal
axis.

Casel: Aray travelling parallel to the principal axis

strikes a convex surface and passes from a rarer
medium to denser medium. (see fig.-4(a))

Case2: Aray travelling parallel to the principal axis
strikes a convex surface and passes from a denser

medium to rarer medium. (see fig.-4(b))

Case3: Aray travelling parallel to the principal axis

strikes a concave surface and passes from a denser
medium to rarer medium. (see fig-4(c)) Denser Rarer

Cased4: Aray travelling parallel to the principal axis
strikes a concave surface fig-4(b)
and passes from a rarer _
medium to denser medium. -

(see fig. 4(d))
e What difference do
you notice in the

Rarer Denser Denser

refracted rays in

figures 4(a) and 4(b)? figd(e) fig-4(d)
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e What could be the reason for that difference?
e What difference do you notice in refracted rays in fig.- 4c and 4d?
e 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.

e How can you explain this change in the size of lemon?

e [sthelemon that appears bigger in size an image of lemon or is it the real lemon?
e (Canyou draw aray 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  and n,
(fig.- 5). Apoint 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 0. The ray bends and passes through the second medium along the line AL The angle
of refraction is 0,. 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 y 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 ‘v’
PIis image distance which we denote

as ‘v’
PC is radius of curvature which we denote as ‘R’
n, n, are refractive indices of two media.
Can you establish any relation between the above mentioned quantities?

Government’s Gift for Students’ Progress 130 Refraction of Light at Curved Surfaces



o & Brrd B0 DF GoENOH?
o 4(2), 4(&) Herestd HEESHS 8dere K%y Do B KooTEh?
o & Brrd B0 DF GoENOH?

4(D) $805m 4(D) Heres® H8e558800 BerEoD &8 ABHA0HDH
B0 % H0D Gotrd. 4() LB 4(8) Hres® HESS 88wo
Bererdd Srdore 28hod. 4(8), 4(8) Hered® Srdidey 8558 88e5°Q)
S @"&f\'cf\g o8 ) &8 Doty ég POo&NOH. S @3&60603)@@5826?
5(8e55588e0 [Hrrarsrd) po&od Dok T8 (F) woero.

rearrens® DB a0 DXRsPAD TRR (DFgrrio Lol IR @den
$B&me0 o EBT EIHoL0 0% Beodd ool
o Jysead $H05ros® EI0W B LY do DBBIEH?

o Y EI0I Viiysead widen AXSEr? T8 oo (H8DoKm?
* & HNRATPY) DHBoIEE a8 8es @R 8 Achiseoe?

Sonomro

4.1.1 H&Dozo Y& gl

80 -5S® SrdSen n, n, SEESS theaseen Ko Both drSsot a8
SBSwo 36)3@0&650 grosod. [Srargo 2 0 o3 Do) Eé(é 2.8 Dotodrd
%05 (point object) &owro. (Herargo J0ad [Hordos 880 Airedsok
35 T HESeo D8 DBOTY DPoSHOT® (N0 Howe (HAirdod.
@wwﬁo@s ‘o’ 800 T Bo&® 880 JESer) A Doty HG BeBE06.
SIS $858%0 0, & 88wo DSedo &rod Bo&® SrdEo Ko Al B
ool (BASrBkod. ofE $Esss%no 0, I, Bokd 8o H8SS
Eezren 158 Seorpow. ol [H80ono 28y hEob.

4.1.2 FESros HEFSE o’ amnss

$e0-56° 356 Bo&® 8eSS 880
@mmﬁoé’s 3% &0 Y, ADotHD Eé(‘é A5
0020 (Herargos® Td o B eddonro.

Seo=5 (D0,
PO S8o8r80 @H&od. 8 u s ©
JoeIJro.
PI (58802 &r8o. &I v & drdo.
PC Sevamdeso. 632 R & irddo. S0
Both oirdsre HEFSS rheoseen n, 1, .
o S BOVS Trde ik IBT° HowoEl)
BresPofoSKese? Sendndonmro!

gie DSIVY (HeHEy SRS 131 SEdere £ o8 SBeisso



In the triangle ACO, 0, =a +3

and in the triangle ACI, B =0,+y ® B-y=0,
According to Snell’s law, we know

n sinQ =n,sin 0,

substituting the values of 0 and 0,, we get,

n sin(ot+B)=n sin(B-y) . (1)
Ifthe rays move very close to the principal axis, the rays can be treated
as parallel and are called paraxial rays. Then the angles o, B and y become
very small. This approximation is called paraxial approximation.

sin (ot B) = otP andsin (B-y) =B-7
Substituting in equation (1)
n (ot+B) =n,(B-y) @®noatn B=nPf-n7y ... 2)
since all angles are small, we can write
tano = AN/NO =«
tan 3 = AN/NC=J
tany = AN/NI=y
Substitute these in equation (2), we get,
n, AN/NO +n AN/NC=n, AN/NC~ n, 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 /PO + n/PC=n/PC-n /Pl
n/PO+n/Pl=(n-n)/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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Here PO is called the object distance (u)
Pl 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,

nh_om_ (m—m)
S P )

n, n,_(n,-n))

vV 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

h_n o

=)= —==-1

v u \% u
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,

n2 nl
WEUSE ——="— e 1
by (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; refractive index of water (n,) =n
Object distance (u) = -x, Image distance (v) =y (see fig.- E1)
JSig-El Substituting these values in equation (1)
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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 o' ‘N x I
form a real image at the same distance from the A

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= o (refracted ray is parallel to the optical axis after refraction at
first surface)

n, =1 and n, =n, (where n_ is refractive index of air)

. n, n,_(n,-n)
UsmgV u R
i_L:M :>1—: (n-1)
o -X R X R
= x=

(n-1)
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 glassn =n
refractive index of airn, = 1

Then u=-R (radius of sphere) ; Radius of curvature R =-R

. n n n,—n
Using —=—— = (n=m)

vV o ou R

1__n (=)
v (-R) (-R)

After solving this equation, we get Image distance v=-R
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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. Itis

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.

e What happens to the light ray when a transparent material with two
curved surfaces is placed in its path?

e Have you heard about lenses?

e 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.

Converging lenses Diverging lenses
fig-6(a): fig-6(b): fig-6(c): fig-6(d): fig-6(e): fig-6(f):
Biconvex Plano-convex Concavo-convex Biconcave Plano- Convexo-
concave concave

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(¢) and 6(f) to understand structure of
Concavo-Convex lens, Plano-Convex lens, Plano-Concave lens and

Convexo-concave lens.
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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 X ’

surface is called centre of curvature. It is denoted by a e i X
letter ‘C’. If a lens contains two curved surfaces then their R;f ] /\ ™ , .
centres of curvature are denoted as C, and C,.The distance . g > \:Cl
between the centre of curvature and curved surface is : \/

called radius of curvature (R). Radii of curvature are SN
represented by R and R, respectively. Let us consider a Moo fig7

double convex lens as shown in fig.- 7.

The line joining the points C, and C, 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’.

L
[
Y Y Y VYY

fig-8(a) fig-8(b)

For drawing ray diagrams related to lenses we represent convex lens

with.a'symbol { and concave lens with] . See figures 8(c) and 8(d).

Y Y

Y Y O

fig-8(c) fig-8(d)
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e 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, C, 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
fig-9(a) undeviated. (see Figures 9a and 9b)

Situation II: Ray passing through the optic
. centre.
! : Any ray passing through the optic centre
Jig-9(b) is also undeviated. (see Figure 10a and 10b)

fig-10(a) fig-10(b)
Situation II1: 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).

e If we allow a light ray to pass through the focus, which path does it
take?
Situation I'V: 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.

3

1 1 -

e g =

[@F ]
5]

e
(@ ]
ae

'y
YYULYYY

Y
Y Y Y Y Y

fig-11(a) fig-11(b)
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e 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)

fig-12(a) | fig-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

Letus 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 I'V.

- 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 [ to I'V.

- 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
e What do you mean by an object at infinity?

e 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.

Government’s Gift for Students’ Progress 144 Refraction of Light at Curved Surfaces



o (Bprrrgrdd o S0 Tdw 3B $Xr0BY s*0d 8Beren o HEL0
3063 Do wBHEs?

12(9), 12(9) Hereodn H68D0504.

9

H&0-12(D) Heo-12(2)

12(), 12(®) Herer&t oe5¢R @maﬁoﬁs o %0 Z‘S":ng 2631) L0888
5008 88esren mé)o‘ﬁ:ée)o (focal plane) 2 DB Dot Eé(é éo@ééoéaﬁ@m}
S TDoHseo Y B Dok ol JBodEBodwEEon. THDSE0
R (QeearEed8 woore mé)zéféﬁo Hoo.
4.2.3 $6508° (H88omo NEE IarR) BOD 8 AEEets Ao Jchire

58Dy 80D 88w DEodH AWERS SIoRD (FF Y
DSo&rerhdod) apit Sevdionro.

Do B 3;6065 &) DB BéoBo Hd @605&5 (8802 5;260,
$BXTeTR) BOD 888 Doy Aol 806 JAAhEreH FPBoT.

@8&0&35;260, HBKrea0 1HB0ITI8 BOBK Swoth BO1S 4 éo?ﬁc‘g@@s@
DI Bo 88esren HIBEHHToOW.

- Derargon B Ho%Dd IE 603 SNJP w58 Dotho

a@&§o&.
- 24 éo(ﬁcgbe)é’s DH8025 Teost Sk Q0HBF) Tod 8ereln Ac%08.

- & Boo 8Fcwren 2.8 Do) EéCSO POR0HEIT0H S88 B
&AL & Dot (H&oe PR, BOHE0B.

- 0K DothY o0& (DErargrdd ©oerd) AcDo&.

- ©0ow0 BwE) TrE) (B8R0 HOKPTY) BeoHE0h.

1-6 éotﬁ@g@@’s BN DEPeD $50890508. EUSORIE 5{;@@@5’8 SHRPLO
Bogrsed 8o Jod (H8&&oeren 33603&5 Qeel) O DHSOIRoW.

1. wSodLrSos® S0P aPYApd
LIRSV ©9350857E0° Gokero @08 DS ?
* P S0P $3 008 88eren D Gotron?

©93088E0S® HQ) BRIPED éeoéo?.._aa’aé 508 88esren (Hpeargedd
JSroSBore GoerchH s Beok.

gie DSIVY (HeHEy SRS 145 SEdere £ o8 SBeisso



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,) on the principal axis
In fig.- (13) you notice that when object is placed beyond ‘2f” distance

(C), a real, inverted and diminished

-
i

8
image is formed on the principal axis 3 F c

between the points F, and C,. C, F, W

In fig.- (13) we have chosen two rays,
fig-13

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 ‘21 distance (C,)
When an object is placed at ‘2f’

distance (C,) on the principal axis, you will W, > \w
get an image at C, which is real, inverted o :

. C, F, Image
and of the same size as that of object. See . y
fig-14

fig.- 14.
4. Object placed between C, (‘2f° distance) and focal point

When an object is placed between C,
(‘21 distance) and focus (F,), you will get  opjecdh \Fl c

an image which is real, inverted and F

Image

magnified. See fig.-15. The image will fig-15
formbeyond C,.

5. Object located at the focal point y

When an object is placed at focus (F)), \
Object F,

the image will be at infinity. See fig.- 16. $

When the image is formed at an infinite

Image at

distance away we can not discuss the size fig-16 infinity

and nature of the image.
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6. Object placed between focal point and optic centre

If we place an object between focus and optic Image A
centre, we will get an image which is virtual, erect I I
. = A F C
and magnified. i IS ! i
. . C,
From the ray diagram shown in fig.- 17, you : \
will notice that the image formed is a virtual, erect fig-17

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, and F, fora 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 objech T 2 ] .
to draw ray diagrams for other positions of an . M YT . .-
object. You will notice that irrespective of the 1 fig-18

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 aray 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,). See fig.- E(4).
Solution

- Draw a perpendicular line to principal axis passing through the

focus (F)).
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- Draw a ray from point source (S) in any P .
direction to meet lens at point (P'). ;
- Now draw another line parallel to the ray ™ s F P ) I

drawn from the point source (S) such that fig-E(4) I
it passes through the optic centre (P); This '
line intersects the normal at point F .

- Now draw a line passing from point P! to pass through the point F |
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

o //-T . T F, diagram to show the

F, J P \4 " paths of the rays after
refraction through the
fig-E5(a) fig-E5(b) 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).

| 1

: :

I . T

1 b =
F : \ - -

| 1

1

1

1

fig-E5(c) * fig-E5(d)
e Can we realise in practice the results obtained in the ray diagrams

.

when we perform experiments with a lens?
Let us see

A Lab Activity

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
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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.

e Why are we using a screen to view this image? Why don’t we see it directly
with our eye? Table 1

Measure the distance of the image Object _ Image Focal
distance (u) distance (v) | length (f)

from the v-stand of lens and also
measure the distance between the
candle and stand of lens.

Record the values ina 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.
e (Could you get an image on the screen for every object distance?

e Why don’t you get an image for certain object distances?

e (Can you find the minimum limiting object distance for obtaining a real
image?

e 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.

e (Could you see the image?
e 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.

e Canyou find the image distance of this virtual image?

In table-1, you got different values of ‘v’ for various position of object
(candle) [u].

e (Could you find focal length of the lens from the values recorded in
table-1?
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e (Can we establish a relation between ‘u’, ‘v’ and ‘f*?

Let us find out.

Consider an object OO! placed on the principal axis in front of a convex
lens as shown in fig.-(19). Let II' be the real image formed by the lens on

the other side of it. Observe the fig.-(19).
e How is the image formed?

4.3 Lens formula

The ray, starting at O' and moving parallel to the principal axis and
which falls on the lens, should pass through the focal point F as shown in
fig.- (19). To locate the point of image (I) for the object point (O"),
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 O' and passing through eptic centre P, will meet
the refracted ray (first ray) at the point I'. This point is the image of the
point O' 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 II' of object OO'.

PO, Pl and PF | are the object distance, image distance and focal length
respectively. From fig.- 19, triangle PP'F, and triangle F II' are similar

triangles,
o' % P!
> \w PP" PEF O
o ! [ I BT eesseeerreninienen
s . <) ' FI
fia-19 ' " But from the fig- 19, F [ =PI PF,
& substituting F I'in equation (1) above, we get
PP’ PR
III (PI _ PE) ................... (2)
We have another set of similar triangles OO'P and PII'.
. 00 PO

From these triangles we get, o "

but from fig.- (19), OO'=PP!, hence we have

PP'_ PO 3
II! PI ................... ( )

From (2) and (3), we get

PO PF, PI (PI-PE) PI PI
PI  (PI-PF) PO PF, PO PF,

On dividing the equation by PI, we get
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1 1 1 I 1 1

PO PE PI PO PI PF

1

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 =f

Substituting these values in equation 4, we get
I 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 P!
Let us discuss the size of the image formed o' =

by alens. h, - \\Fl I
Observe object OO', image I'in fig-20.- © F, i = T

A OO'P, AII'P are similar.
w_oo _ w _p fig-20

“PI PO 00 PO

Substituting the values as per sign convention in the above equation, we get

—h v
h()

. Magnification m = —- = %
e s 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?
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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
i “<L By substituting these in lens formula,
g bame We get
- x —PE——J.x —P>
- d - 11 s 1
fig-E(6) \2 21 (100-x) «x

After solving thisequation, we get
x*—100x +2100=0
It is a quadratic equation. Hence we get two solutions. The solutions
of the above equation are
x*-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.
e 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

Lens Circular

lens length oflens. Now dip the lens horizontally using a circular lens holder as
Stongr S polder shown in the fig.- (21) above the stone. Set the distance between stone and
fig-21 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)
e (Canyou see the image ofthe stone?
e 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 ofthe lens (in air). Now increase the distance between lens and stone
until you cannot see the image of the stone.

e  What do you conclude from this activity?
e 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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4.5 Lens maker’s formula
Imagine a point object ‘O’
placed on the principal axis of the

~~.Q  thin lens as shown in fig.- 22. Let

& this lens be placed in a medium of
fig-22 refractive index n,_ and letrefractive

index of lens medium be n,.
Consider aray, from ‘O’ which is incident on the convex surface of the
lens with radius of curvature R, 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,

n =n and n,=n,

. . . n, n n,—n
Substitute the above values in the equation, 72-;1 ¢ 2R 1
ng n, (n,-n,)
b a _ Vb a
byTa_"b 27
> L R e (1)

But the ray that has refracted at A suffers another refraction at B on the
concave surface with radius of curvature (R.). 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 [ is the image of Q for concave
surface. See fig.- 22.

Object distance u=PQ= +x
Image distance Pl=v
Radius of curvature R=-R,

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,
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n =n andn,=n,
Substituting the above values in equation

n, 0y (n, —ny)

v _?ZT .............. (2)

By adding (1) and (2) we get,

n, n, _ 1 1
2 4+-2=(qn,_-n,)| —+—
= v u ( b a)[Rl sz

Dividing both sides by n , We get

I 1 ny I 1
s —+—=|—-1||—+—
V. u n, R, R,

n

b . . .
We know o =10y, called refractive index of lens with respect to
a

surrounding medium.

I 1 1 1
;+H = (nba —1)[E+R—2j

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,

Ll (ny, 1) -
vV ou ba R, R,
We know that

v u f
So, we get

1 1 1
N (nba —1)[R—1—R—J ................ (3)

If the surrounding medium is air, then the relative refractive index could
be absolute refractive index of the lens.

Pl

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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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, = 30cm and R, =60cm. Take refractive index of
lensasn=1.5.

Solution:

From the fig.- E(7) using sign convention we get

R, =-30cm, R, = 60cm and also given that
n=1.5

Solving this, we get
f=-40cm
Here minus indicates that the lens is divergent.

Key words

Lens, Focal length, Focus, Optic centre, Principal axis, Radius of curvature,

Centre of curvature, Focal plane, Convergence, Divergence.

E What we have learnt

e  The formula used when a light ray enters a medium withrefractive index n, froma
medium with refractive index n, at curved interface with a radius of curvature R is
n/v-n/u=(n-n)R

e Alens is formed when one medium is separated from another medium by two
surfaces, one of which is curved.

111
e Lensformulais =———
f v u

where f'is the focal length of lens, u is the object distance and v is the image

distance.
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e Lensmaker’s formula is

1_ (n-1) 1_1
f R, R,
where R and R, are radii of curvature , n is the refractive index and fis the

focal length.
e Characteristics of the image formed due to convex lens

S1. No. [Position of the object Position of the Image Characteristics of the image
1. At infinity Focal Point (F)) Point Image

2. Beyond C, Between F, & C, Inverted, Diminished & Real
3. AtC, On C, Inverted, Same size & Real
4. Between F, & C, Beyond C, Inverted, Magnified & Real
5. AtF Infinity -

6. Between F, & P Beyond F, Erect, Magnified & Virtual

=
I. Reflections on concepts =3
1. How do you verify experimentally that the focal length of'a convex lens I%Iﬁ:z 5

is increased when it is kept in water? (AS))

2. How do you find the focallength of a lens experimentally? (AS,)

3. Draw ray diagrams for the following positions and explain the nature and
position of image.

1. Object is placed at C2
ii. Object is placed between F2 and optic centre P. (AS))
I1. 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 )

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 ofthe image (AS ) (Ans: Areal,
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 focallength ‘f*. (AS))

4. Find the refractive index of the glass which is a symmetrical convergent lens
ifits focal length is equal to the radius of curvature of its surface. (AS.)
(Ans:1.5)
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II.  Higher Order Thinking Questions

1) A convex lens is made up of three different materials as shown in the fig-

2) You have a lens. Suggest an experiment to find out the

3)

4)

5)

6)

7)

Q(1). How many of images does it form? (AS,)

focal length of the lens.(AS)

Fig.-Q(3) shows ray AB that has passed through a
divergent lens. Construct the path ofthe ray up to the lens if

the position of its foci is known. (AS.)

Fig. -Q(4) shows a point light source and its image
produced by a lens with an optical axis N N.. Find the

position of the lens and its foci using a ray diagram. (AS.)

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 J)

A parallel beam of rays is incident on a convergent lens

fig-0(1)
A
o~ -
F J i
fig- 0(3)
N, * N,
fig-0(4)
Se
Nl N2
fig05) ¥

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,)

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.)

@ Multiple choice questions

1) Which one ofthe following materials cannot be used to make a lens? [ ]

Government’s Gift for Students’ Progress
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2) Which ofthe 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) Focallength ofthe plano-convex lens is.............. when its radius of curvature of
the surface is R and n is the refractive index of the lens. [ ]
R
a)f=R b) f=—
2
0) F=— g r=2-D
(n—-1) R

Suggested Experiments

1) Conduct an experiment to find out the focal length ofthe lens.

2) Letus assume a system that consists of two lenses with focal length f, and f,
respectively. How do you find the focal length of the system experimentally,
when

1) two lenses are touching each other

i) they are separated by a distance ‘d’ with common principal axis.

4%y 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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s
5 Human Eye and

Colourtful world

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.

e What is the function of lens in human eye?

e How does it help to see objects at long distances and short distances?
e How is it possible to get the image at the same distance on the retina?
e Are we able to see all objects in front of our eye clearly?

e 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 usdo 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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e Whatchanges 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.

e 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.

e Are youable 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 figl.

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.

e Are you able to see both ends of the stick

simultaneously without any movement (shaking) in
your eyes?
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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.
e 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 witheye as explained above.
Let us assume that AB moves closer to the eye to aposition A' B! as shown
in fig.2.

e 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 A! B! because
the rays coming from E and F enter your eye. The
rays coming from Al and B' 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
60°, we can see the whole object. If this angle is above
60°, 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 60°. 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 60°.
You also learnt that these values change from person to person and with
age of person.

e Why do the values of least distance of distinct vision and angle of
vision change with person and age?

fig-2

To answer the above question, we need to understand the structure of
eye and its functioning.
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5.2 Structure of human eye ciliary
muscles

The human eye is one of the most important
sense organs. It enables us to see the object and s
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 fig-3 optic nerve
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.

aqueous
humour-

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 asa “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.

e How can we get this same image distance for various positions of
objects?

e (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.
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e How does eye lens change its focal length?
e 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 thereis a minimum distance
for distinct vision of an object which is roughly equal to 25 cm as we have
learned in activity-1.

e Does eye lens form a real image or virtual image?

e 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.

e [sthere any limit to the change of focal length of the eye-lens?

e What are the maximum and minimum focal lengths of the eye lens?
How can we find them?

Let us find
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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. fig-4(a)

When the object is at infinity,
u=-o0; v=2.5 cm(image distance which is equal
to distance between eye-lens and retina)

using the formula % = %—i
1t
Jox 2.5 o
Lo
fow 25 70
f =25cm
we get, f =25cm

max

consider that an object is placed at distance of 25 ¢m from our eye. In this
situation eye has minimum focal length:
Hereu=-25cm; v=2.5cm

, 1 1
Using the formula =5

L e = ———
— _ .t
fmin 2 5 25 i ..Il
1 figdy
fmin 25
25
f L m—— =
min 7 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”.

e What happens if the eye lens is not able to adjust its focal length?
e Whathappens if the focal length of eye lens is beyond the range of 2.5
cmto 2.27 cm?

Let us find out.

5.3 Defects of Vision
Sometimes the eye may gradually lose its ability for accommodation.
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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:
1. 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

YYYyY

extreme point from where an M

object appears clearly to a fig-5(a)
person with myopia be ‘M’
(shown in fig.-5(c)).

If the object is at M or-in M L
between M and point of least fig-5(b)

distance of distinct vision

(L),the eye lens can form an L Q
image on the retina (see fig.- M =

5(c) and 5(d)). This point M is fig-3(c) @

called ‘far point’.

YYY

YYY

The point of maximum

distance at which the eye lens
can form an image on the retina Jig-3(d)
is called “far point’.

The defect, in which people cannot see objects beyond far point is
called ‘Myopia’.
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e What can we do to correct myopia?
The eye lens can form

clear image on the retina, . L 7
when an object is placed o Sl T T —— H( : >
> VAN

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).

e 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=-o ;v=distance of far point =-D

let ‘f” be the focal length of bi-concave lens.

- L
Using lens formula, T
1 1 D
- 3 =
e

Here “f”is negative showing that it is a concave lens.

e Whathappens 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.
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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). H - i

If an object is at H or @
beyond H, the eye can form its Jfig-6(c)
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).

AA

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.).

e 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.

e How can you decide the focal length of the convex lens to be used?

To find the focal length of
lens, det us consider that the

object is at point of least

H
fig-6(d)

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))
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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 fi 1——1—l
sing lens formula, — = 7=~

25d
f= (d-25) (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.

e Have you ever observed details in the prescription?

You might have heard people saying “my sight is increased or
decreased”.

e 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.
e 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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The reciprocal of focal length is called power of lens.

Let ‘f” be the focal length of lens.
100

(inm); P - 7 (incm)
The unit of power is dioptre.
It is denoted by the letter ‘D’.

Power of lens P = 7

Examplel

Doctor advised to use 2D lens. What is its focal length?
Solution: Given that power of lens P = 2D

Ui p 100 100
sing, P = 7 (incm); 2= 7
100
Therefore, f = B3 =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.

e 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.
e What happens to a light ray when it passes through a transparent

medium bounded by plane surfaces which are inclined to each other?
e Whatisa 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 triangle 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 fig-7
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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,). 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 (1,).
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).
Letus now take up an activity to study the refraction of light through a

triangular prism.

A Lab Activity

Material required: Prism, piece of white chartof 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.

e Whatis 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
Table 1 refracting surfaces could be

Angle of

incidence (i,) |emergence (i,) | deviation (d)

Angle of Angle of 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 30° 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.

® Pin

fig-8
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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 atapoint ‘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.

e 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 40°,50% etc. Find the corresponding
angles of deviation and angles of emergence and note them in table (1).

e 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.

e (an you draw a graph between angle of -Y

incidence and angle of deviation? T g

Take angle of incidence along X- axis and the 2
angle of deviation along Y- axis. Using a suitable =
scale, mark points on a graph paper for every pair éﬂ .
of angles. Finally join the points to obtain a graph = X
(smooth curve). Check your graph with graph Angle of incidence i
shown in fig.- 9. 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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Look at your table (1).

e [s there any relation between the angle of incidence, angle of
emergence and angle of deviation?

e (Canyou 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=11-r1+12—r2

d=(@,+,) —(rtr) (1)
From triangle PMN, we have
A+ (90%r) + (90°r,) = 180°

By simplification, we get

r,+r,=A (2)
From (1) and (2), we have
d=(@{+,)-A
Q R 1 72
-10
Jre-10@ A+d=iH, 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 thatn, sini=n, sinr

Let n be the refractive index of the
prism.

Using Snell’s law at M, with
refractive index of air

n=l;1=1i;n,=n; r=r/,gives
4)

similarly,at N with n, =n; i=r,;

sin i1 =nsin r,

n,=1; r=i,,gives

? fig-10(b) R

)

We know that at the angle of minimum deviation (D), the angle of

n Sin r,= Sin i2

incidence is equal to the angle of emergence i.e., i, = i,. 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)).
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When i =1, angle of deviation (d) becomes angle of minimum deviation
(D).
Then equation (3) becomes

A+D =2i
(A+D)

2

When i, =1 then, it is clear thatr =r,
So from equation (2) we get,
2r =A A
or r, =~

or 112

Substituting i and r in (4) we get

sin{ 522} <1 sin(2)

sin{A;D} @

=g

This is the formula for the refractive index of the prism.

Therefore, n=n=

Example 2

A prism with an angle A= 60° produces an angle of minimum deviation
of 30°. Find the refractive index of material of the prism.
Solution: Given that A= 60°and D = 30°.

. A+D . 900 1
Sin 5 S 7 4 0 .
. _ in45
Using = N ")~ S —= _\/15 -2
sin (j sin sin30 b
2 2 2

=2>n=>

thus, the refractive index of the given prism = ./

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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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.

e What do you observe on the wall?

e (Could you get a coloured image on the wall?

e Why does white light split into colours?

e What colours do you see?

e (Canyou notice any change in the angle of deviation of each colour?
e  Which colour has the minimum deviation?

Let us do another activity.

Take a metal tray and fill it with water. White Dispersed light

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.
e s 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.
e  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. o

The splitting of white light into
different colours (VIBGYOR) is called

dispersion.

Red

“ Orange
Yellow
Green
Blue
Indigo
Violet

fig-12

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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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.

e Does this mean that the refractive index of the prism varies from colour
to colour?

e s 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.

e (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.

e 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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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 ( A) and frequency (v) is.

V=0 A (frequency denoted by v)

For refraction at any interface, v is proportional to A. Speed of the
wave increases with increase in wavelength of light and vice versa.

e (Canyou 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.

e Whendo you see arainbow in the sky?
e Can we create a rainbow artificially?

Let us see how.

Select a white coloured wall on which the sunrays 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.

e How is that you are able to see colours on the wall?
e 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 Wasseop

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, fig-13
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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 0° and about 42°. We observe bright rainbow when the angle
between incoming and outgoing rays is near the maximum angle of 42°.
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 42°. The colour violet
is seen when the angle between

a sunbeam and light sent back

by a drop is40°. If you look at an angle between 40° and 42°, you will
observe the remaining colours of VIBGYOR

e 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 1is not the
Sun light

flat two dimensional arc as it

appears to us. The rainbow
Sun

you see is actually a three

dimensional cone with the tip at

your eye as shown in fig.- 15.
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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).

:?‘ Think and discuss

e (Can you imagine the shape of rainbow when observed during travel

in an airplane? Discuss with your friends and collect information.

It is our common experience that the sky appears blue in colour on a
bright dry day.
e Why is the sky blue?

To answer this question, you need to understand another phenomenon

of light called scattering.
e 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.

e 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.
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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.
Scattered light

Light of certain frequency falls on that atom or Sun light

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 fig-16
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 ‘0’ 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 90° 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 1s 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?

Letus 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, and O,. The
sizes of these molecules are comparable to the wavelength of blue light.
These molecules act as scattering centres for scattering of blue light.

e Why is that the sky appears white sometimes when you view it in certain
direction on hot days?
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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, or O,. 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.

e (Can we demonstrate scattering of light by an experiment?

Letus try

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.

e 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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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 aresult sun appears red in colour during sunrise and sunset.
e (Canyou 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.

Nty
-?: 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

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.

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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E What we have learnt

e The least distance of distinct vision is about 25¢m and the angle of vision is about 60°.

e The ability of eye lens to change its focal length is called accommodation of lens.

e The defect in which people cannot see objects beyond far point is called Myopia.

e The defect in which people cannot see objects situated before near point is called
Hypermetropia.

e Presbyopia is a vision defect indicating that the power of accommodation ofthe eye usually
decreases with ageing.

e Thereciprocal of focal length is called power of the lens.

. {A+D }
sin
L2

(3
sin| —
2

where A is angle of prism and D is angle of minimum deviation.

e Therefractive index of prism s given by n =

e The splitting of white light into colours (VIBGYOR) depending on the wave lengths is called
dispersion.
e The process of re-emission of absorbed light in all directions with different intensities by atoms

or molecules, is called scattering of light.

fé Improve your learning

I. Reflections on Concepts

How do you correct the eye defect Myopia? (AS))

Explain the correction of the eye defect Hypermetropia. (AS )
How do'you find experimentally the refractive index of material of a prism? (AS.)
Explain the formation of rainbow. (AS,)

Explain two activities for the formation of artificial rainbow. (AS,)

AN - G Y

Light of wavelength A enters a medium with refractive index n, from a medium with
refractive index n,. What is the wave length of light in second medium? (AS )

7. Why does the sky sometimes appear white? (AS .)

8. A personis viewing a distant object. Ifa converging lens is placed in front ofhis eye, will
he feel that the size of object has increased? Why? (AS.)
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I1. Application of Concepts

1) Incident ray on one ofthe face (AB) of a prism and emergent

Mirror

ray from the face AC are given in figure -1. Complete the ray
diagram.(AS )

2) Glass is known to be a transparent material. But ground glass

fig-1

is opaque and white in colour. Why? (AS.)

3) Alightray falls on one of the faces ofa prism at an angle 40°
so that it suffers angle of minimum deviation of 30°. Find the angle of prism and angle of
refraction at the given surface.

(Ans:50°,25°) (AS))

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: 33.33e¢m, 1D) (AS )

@ Multiple choice questions

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 oflight D) all the above

4)  Aray oflight falls on one of the lateral surface of an equilateral glass prism placed on the
horizontal surface ofa 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

fig-2
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5) Far point ofa person suffering from anyopia is Sm. In order that he has normal vision what

kind of spectacles should he use [ ]
A) Concave lense with focal length Sm  B) concave lense with focal length 10m
C) Convex lense with focal length 5Sm 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 oflight B) dispersion oflight C) reflection oflight D) refraction of light

Suggested Experiments

1. Conduct an experiment to produce a rainbow in your class room and explain the procedure.
(AS))
2. Conduct an experiment to find the refractive index of'a prism.

3. Conduct an experiment to demonstrate the scattering of the light

&;i @j Suggested Projects

1) Prisms are used in binoculars. Collect information why prisms are used in binoculars. (AS,)

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) Colleet the mformation about the dispersion phenomenon occurs in the daily life.
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currn
E Structure of Atom

e

You have studied in the previous class about sub-atomic particles like
negatively charged electrons, positively charged protons and electrically
neutral neutrons.

e 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.

e (Canyouarrange 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.

e Do all atoms have the same sub-atomic particles?

e Why is an atom of one element different from the atoms of other
elements?

e 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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6.1 Spectrum
You must have observed the formation of a rainbow.

e 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 (¢) is
3x108ms™.

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 (1), and frequency

(V).
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The wavelength (1) of the wave is the distance from one crest/trough
to the next. The frequency (v) 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™'). The relation between these quantities is
given by

Aoxcl/v  or c=vA

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 arainbow.

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

10° m 10 -*m 10°m 10°m 10° m
1 nm 1000 nm Imm Im 1 km
| | | | I | I | | | I | | I I
. Micro RENIT Broadcast
waves band

Short wavelength ' Long wavelength

Ultraviolet (UV)
rays

400 nm 500 nm 600 nm 700 nm
fig-2: Electromagnetic Spectrum
the longer wavelength. But our eyes are sensitive only to visible light.
e What happens when you heat an iron rod on a flame?
e Do you find any change in colour on heating an iron rod?
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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.

e 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 hv;

For example: hv, 2 hv, 3 hv... nhv

That is, the energy for a certain frequency E can be represented by the
equation E = hv, where ‘h’ is Planck’s constant which has the value
6.626 X 10*Js and ‘v’ 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.

e Do youenjoy Deepavali fireworks?
Variety of colours is seen from fireworks.
e 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.

e 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.

e Do you observe yellow light in street lamps?
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Sodium vapours produce yellow light in street lamps.

e 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.

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.

6.2 Bohr’s model of hydrogen atom and its limitations

Niels Bhor proposed an atomic model based on hydrogen atomic
spectrum.

e 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 fig-3: Hydrogen Spectrum
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,E,E;.... ; 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.
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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.

e 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.
e 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

=0
O (<P
=0 -1

n=1 n=2

fig-4: The allowed electronic orbits for the main Quantum numbers by Bohr - Sommerfeld model

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.

Government’s Gift for Students’ Progress 234 Structure of Atom



ao@gﬁ SwE), (PEDE %é@;owfo aﬁﬁfgoaa (ground state) e @oéro.

QO[S BB ((EroDIYD ©b IS Bairowd THE0E. BHPEH OIS
&8RS @;O&)@S‘S 6080 ®oero.

o JoES B [EPodD 8 DB werT IWHB Hotwore?

a®@£5 $§8%e§ %ow(Excited state)s® QBP0 S0&BH. ©b 38
gfsbyom 86A 8)/J°<3;OOD§ BB2%r063008. Zee QoSS §°byons &8
Séa?gmoﬁ)@%oé 58 5750 DHBeHH0d. 8o FOQQ BBoN QB_%?O& EOA
GOEN0D. &3 ééoﬁ@_gago Cﬁaffzﬁé Eégééa ééoﬁ@_gag ©9568° 08 ©b égé@oé’s
Sl Bg (emission line)e BIH0E.

586 Sdoooae, ?@5235 zégo“)éaoé‘s 50203 BepeiHdod DSB0SKOA0.
?@5&5 HBXTeanHB Ho00H0AD 3&?535}&?&)& D5BoH0E &5 Sloear
B0 28 DescHHoBR KT HEYSHWD).

wond rE°=S Sye DB ©HY @@?fgoﬁo DBHBH (Spectro-
scope) &8 $5889095H% Q. &5090 Hesten Do meaw.

o S5 HBSren SSwee, Dge Eégo"aé)oé'sfo Been ?@&ea’ﬁap@m DETESEP

NB0H $OAoTe?

Soe Eéetaﬁifooésﬁ Sapen ?K&éﬁﬁa&eﬂ? &&ﬁé@%ﬁg SS0orr DHB0N TEEaod.

6.3 £°5-R855DS H8dresd SBorae

=3
n=1 n= n= n=4

DLO-4 : HGRD BZOLO HOFOB OHITOBOTDED DOFTPD BEE &5°6-DH06HG Habosere
Oge Eégééooésﬁ Bpen &55Spen (finer lines)rr Séﬁéwa&aééééo?ﬁoéaé)
53‘5263533%5, 588 $50oed deenore 85 880D, s égzée)@_'gyé 855 O]
EUNENINYY @3&3@@&3.
&6 (HATHODS QTBE EEGD ©o HoHER, 888 BokS 858 a8
égzéaa;‘;?é BEQ, Ko BEGE Botd ég&éa@@é BEO Bensd@r, D)
o880 & égzée)@s*ﬁ 8gg B Botd BrdTdos? a8mrdD  &otnold
(DOFBoTE. 2.8 Boleo o) Berard8e’3 es8s Sedod® &%) 80
ég}ée)@_'gwééégg@ DT TOBNONT DRHo B & (HBFES BoHTels
AT

Doghe DeFRS (Dhdy s°kos 235 BBEre0 D o0



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.

e Why is the electron in an atom restricted to revolve around the nucleus

in stationary orbits located at certain fixed distances?

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.

6.4 Quantum mechanical model of an atom

e 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:

e What is the velocity of the electron?
e s 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
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means that an atom does not have a definite boundary.) As aresult, 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

e 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 #, /, and
m, .These numbers are called quantum numbers. These numbers indicate
the probability of finding the electron in the space around the nucleus.

e Whatinformation do the quantum numbers provide?

The quantum numbers describe the space around the nucleus where
the electrons are found and also their energies.

e 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 (/)

This quantum number is represented by a letter ‘/’.

‘I’ has integer values from 0 to n-1 for each value of ‘n’. Each ‘/’ value
represents one sub-shell.

Government’s Gift for Students’ Progress 238 Structure of Atom



@éé@é é@é’&cﬁg ot D& Hodkd. S°aaé§ $8Sea0HSE a@@;S pdBore
Q) Hoenosst B0 ©OFEKO.

& é@%eﬁ)@@s, HESrendH S 30@2636 Fo0, @go B8 SeR8 =)
@E&otiS (Erwin Schrodinger) 5000 05rol@8 $565imesn $siremed (BB

& HB8Hen Sorae (Hsedo, &°6 Suraest EEgoB adhenrr, &8 DR
JSo0Hos® 90@263@, HEETen S éo@ﬁéo iﬁaéag Qéé @°Oe§o®5 wdBEore
Dotron e BANIEY).

° 23 8% HooHos® SETSRY GOG & (@PozeR) D HOXBE)?

HBEead BolsEo ey ‘DeJLse;(%zéa B KON Kogrdsd (probability) @
(FroBos® wand wiBorr Hotnos® @ (Frozed)) edyérS (Orbital) woero.

o880 e HY [Frodod® Shwo 5 S8)erLy) (B3 Gotrow. 2.8
%_%ﬁ;owe)éa BoBD @623@@2) 80D %00 éosp?ge [Eimitelelan) @@Knggzézﬁat}
6.5 s°3080 Doggen

HBEPE0HED (H8 ‘Q@@S& n, [, m O oo Qogge JHos®
Qe AFeL0. Ss 603}3563 %00 ?60&)?5@3 90RO, DBESTe0HSE, éo@éo iﬁa(‘o;;
06 (HaEos® 9@[5;5?63 SRR D0gPEgEl S8 Sogygen KredTRow.
® 53080 éoapée) $9 HJ0 do J&rardo FPotsKeo?

5080 Hoggen HBEe0 Bol&Eo oo aotscgﬁen &) (@Podo HBod
0B T e HO0NI DT Be0HB 0.

° &?&égy 5%0£0 60&35 329 éé_épa’aéa@o&?
6.5.1 (PF°S S0 $ogy (Principal Quantum Number (n))

(Bgrssx00 Hogy etyes B (H° E8Y8 H0Kea0, TR FED rHBoD
Be)&Hod. &I ‘1. & Do,

(Baedsegobo K)ogp?s (n) (n = 1,2,3,....... ) qf:éa’qugoé Qoo
50N &0t00d. n Dend PENeB, WBEPrS HOLITB0 PEIHET 60&00s.
e @oHE a@@gswé) So[lsPR8 Kogsy KrBo S BIrHE0E.

n DendS® 1BrHSe ¥ 3;033935 EHEDH Jrddod.

n=1, 2, 3........ Qenden Ko @;we):éa K,LM..o8 S Qe AIFe0.
(08 'n' DendB a8 (Herd BB)Bo Hotnob.
g8y80 K L M N

n 1 2 3 4

6.5.2 Sk (5553 se0eroons(/)

s 50600 Doggd P BN @ééo@s JoeQJe0.

(DS s%30€00 éosps (n) DendB ST Yo @62653(‘? 5%0€00 éospé [ Qenden,
0 00D (n—1) 8% Goéran.

Dergiie DSPPIS ([@Hehdy 5°E 239 SBEee D Tee0



Each value of ‘I’ is related to the shape of a particular sub-shell in the

space around the nucleus.

The value of ‘/” for a particular sub-shell is generally designated by the

letters s, p, d . . . as follows:

) 0 1
Name of the sub-shell S p

When n = 1, there is only one sub-shell with /= 0. This is designated

as ‘1s’ orbital.

When n =2, there are two sub-shells, with /=0, the ‘2s’ sub-shell and

with /=1, the ‘2p’ sub-shell.

e  What is the maximum value of ¢/’ for n=3?

¢ How many values can ‘/” have for n =4? and what are sub shells.

6.5.3 The magnetic quantum number (m)

The magnetic quantum number (m,) has integer values between -/ and

[, including zero. Thus for a certain value of /, there are (2/ +1) integer

values of m, as follows:

L (1) —1,0,1, . (H 1),

These values describe the spatial orientation of the orbital in space

relative to the other orbitals in the atom.
When /=0, (2/+ 1) =1 and there is only one
value of m,, thus we have only one orbital i.e., 1s.
When /= 1, (2/+ 1) = 3, that means m, 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 Py and p_.
e Do these three p-orbitals have the same

energy?

Table-1
l Sub- Number of
shell degenerated
orbitals
0 S
1 p
2 d
3 f

The number of ‘ml’ values indicates the number of orbitals in a sub-

shell with a particular / 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 (2/+1) rule.
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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.

e 1 ¥
¥ = z Z
. e
i X ¥

2p, orbital Zp, orbital 2p,_ orbital

F4 F4 F4 z z
N /
~ " e
x ~y x y x Sy x 1%
x° Yy
\
dy O [ d2.,2 d2

The shape of d orbital

fig-5: Shapes of orbitals in s, p, d subshells

The following table-2 represents the shells, sub-shells and the number
of orbitals in the sub-shells.

Table-2
n I m, sub-s otation | No of orbitals
in the subshell
1 0 0 Is 1
0 0 2s 1
2
1 -1,0,+1 2p 3
0 0 3s 1
3 1 21,0,+1 3p 3
2 -2,-1,0,+1,+2 3d 5
0 0 4s 1
] -1,0,+1 4p 3
4 2 -2,-1,0,+1,+2 4d 5
3 -3,-2,-1,0,+1,+2,+3 4f 7
Table-3 Each sub-shell holds a
Sub shells Number of Maximum maximum of twice as many
orbitals (2/+1) | number of electrons as the number of
=0 . electzrons orbitals in the sub-shell.
s (1=0) The maximum number of
p (I=1) 3 6 electrons that can occupy various
d (1=2) 5 10 sub-shells is given in the
f (I=3) 7 14 following table 3.
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6.5.4 Spin Quantum Number (m )

The three quantum numbers 7, /, and m, 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 .

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 + 2 and -'%. 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.

e 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 letterrepresenting sub-level (/ value), and the number of electrons (x)

in the sub-shell is written as a superscript as shown below:

nl~
For the hydrogen (H) atom having atomic number (Z) = 1, the number
of electrons is one, then the electronic configuration is 1s'.

Denotes the number of
electrons 1n orbital

Denotes the principle __— 1 Sl
quantum number

Denotes the angular momentum
quantum number
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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=1,1=0,m=0,m =" or— .

1

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.
e 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 firstelectron occupies ‘1s’ orbital.
The second electron joins the first in the 1s-orbital, so the electron
configuration of the ground state of ‘He’ is 1s*. Then the question is:

e 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, [, and m are same for two electrons then m must be different. In
the helium atom the spins must be paired.

Electrons with paired spins are denoted by ‘T1’. One electron has

1

1
m = +E’ the other has m = — ; - They have anti-parallel spins.

e How many electrons can occupy an orbital?

The major consequence of the exclusion principle involves orbital
occupancy. Since only two values of m_are allowed, an orbital can hold
only two electrons and they must have opposite spins.

Hence, the electronic configuration of helium atom is:

1| Ty

Government’s Gift for Students’ Progress 246 Structure of Atom



00@35 8)@56065 30@5 SBwE), RN Eree SrDoTHY). ©b dee
m{’)oééﬁfj 808 DHBoLaE0B.
;_?@5&5 HEETenHE® Ko ‘QOLSCSE SO &oi 50€0 Hogry S 8
Denden B8OA Gotnod. n=1,/=0,m =0, m =+ 1/2 S —1/2.

T

aé)&é éogpée'i’s amgsegﬁe)zéa BN 63 HEIE)O ©FETORD Beoo&are08s
53X TE VTS TGP0 BOD $oTed. HBErewHS® DA shirHHed®
aogcho @008, ‘DOLSJSQ) DBOre & HBKears) BwE) (55T @&)dﬁ)é@o&.
20 B0 o?mé& @'—idﬁ?%@ézéa (reacticity) 335 B308855008
P800, BRPE $p90%0 (He) H85meanddy H0K5e0d6858 &ddomro.
o $¥90%0 (He) (Z=2) 3ok ‘Q@@?ﬁ:@:ﬁ) EOACHOED08. 93 P DO Gotran?

2,88 o0& QENSH 90@263@ 10 HBEEPeRH @OLS;S QTP DH00LEEIS
$o7otsy DoHXmen ¢HEdRoD. &) : 57“@5696 DADsDH0, SHE° IADHO HBAH
Svo& davso.

DAY 980D Logorr SeyoHBoTro.

6.6.1 2 JZS NS00 (The Pauli Exclusion Principle)

59050 HBSTenHE Botd Q@Ls;:éa@ GOEPAD. R ‘Dmgﬁ '1s' 98t
9(E0D. Botd ‘Do@gﬁ 1s eg)erS & Ko Iwid aoggéﬁ 23881 oS0’
o0& He o) éﬁﬁﬁgo&: 36@5 Q00 187 3o eﬁe@ 8 DWE0ES ...

e s @6@@5@3‘5 Ko & Bokd aeggo )0 0 Qe GOoLron?

2.8 HEETeDH BodS O Bo QULs;Q% et 5200 Kogyen DXeSorr
G0 o O HBS Aohino BOHEROB.

S50 HBETENHE® Ko Bobd a@tscgzéaen Is @63)@5@53 €700 S°aaé§
& n, [, 0805 m, Denden DITPKOMP B0Erow. 908& m_&B)A00me Sdore
&owe®. @08 He $85meandHSt ae@c’;?&o )0 e e3SHrTed.

1
208 )Sen BOAS JOFER 1 & wrdiro. ol oS @) m = + 5
1
©0oDs oL ae@s @ m =~ ©HH08. WIT &8 wfirS & Ko Botd
2
a@@;&: EMENGY Eégé’ébgé BES® Goerom.
° 2.8 «grd &P ﬁ@zgom A ‘DOLS;?&QD €0E)?
o8 ef)erd &t ﬁ@zgom S0SKOR @O@;’EO Soggd BOOHEHTD8
POSTS VD0 SHRPHDHLH0E.
2.8 ©g)rs8 800 Bod m, evden IrEed wddosniaran S%HP
(58 @6&@@5@3’5 1850 S580E Sen BOAB Botb QOO S8 Goerom.
5 SOoho (He) 588370205y ae)Lseg% 8)@560263 & yorr SrAOWHW).

152 Tl

Dergie Deeardd (He0ey sosos 247 SBEoee Q T



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 ‘2n?’, 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(2/+1)
where /=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.

Two general rules help us to predict electronic configurations.
1. Electrons are assigned to orbitals in order of increasing value of (n+/).

2. For sub-shells with the same value of (n+l), electrons are assigned first to the
sub-shell with lower ‘n’.

The following diagram (fig-6) shows the increasing value of (n+1).
Ascending order of energies of various atomic orbitals
is given below. =0 ] =2 =3
1s<2s<2p<3s<3p<ds<3d<dp<5Ss<dd<  _, ¢
Sp<6s<4f<Sd<é6p<T7s<5f<6d<Tp<8s...
The electronic configurations of some elements in
the increasing atomic number(Z) value are given below.

H(Z=1) Is¢' 1

He(Z=2) 1¢? T1

Li(Z=3) 1s22s! T1L [T

Be(Z=4) 15225 T 1T

B(Z=5) 1s22s22p! T l T l T fig-6: The filling order of

atomic orbitals
(Moeller Chart)
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e For carbon (C) atom (Z=6), where does the 6™ electron go?
e  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 1s°2s?2p>. 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

T 1y 1t

Note that the unpaired electrons in the 2p orbitals are shown with parallel spins.

Complete the electronic configuration of the following elements.

Table.4

Element Atomic number (Z) Electrwguration 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

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.
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E What we have learnt

fé Improve your learning

Ligth can be characterized by its wavelength ( 1 ), frequency ( 9 ) and these quantities are
related to speed of light as C = 94 .
Spectrum is a group of wavelengths.

Electromagnetic energy (Light) can have only certain discrete energy values which is given by
the equation E=hv

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, /, m describe the energy, shape and orientation respectively, of
an atomic orbital. Spin is an intrinsic property of an atom.

Spin is an intrinsic property ofan 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 ofthe 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.

Reflections of concepts

What information does the electronic configuration of an atom
provide? (AS))

Rainbow is an example for continuous spectrum— explain. (AS,)
How orbital is different from Bohr’s orbit?(AS)

Explain the significance of three Quantum numbers in predicting the positions of an electron
in an atom.(AS))

How we are using the n/* method in writing electronic configuration? (AS )
Which electronic shell is a higher energy level K or L? (AS,)
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I1. Application of concepts
1. Answer the following questions.
a. How many maximum number of electrons can be accommodated ina principal energy level? (AS,)
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?
¢. How many spin orientations are possible for an electron inan orbital? (AS )

2. Inanatom the number electrons in M-shell is equal to the number of electrons in the K and L
Shell. Answer the following questions. (AS,)
a. Which is the outer most shell?
b. How many electrons are there inits outermost shell?
c. What is the atomic number of element?
d. Write the electronic configuration ofthe element.

3. Following orbital diagram shows the electron configuration of nitrogen atom. Which rule does
not support this? N (Z=7) (AS))

Tl (14 (i

Is 2¢? 2p’

4. Write the four quantum numbers for the differentiating electron of sodium (Na) atom? (AS )

5. (i) Anelectron in an atom has the following set of four quantum numbers to which orbital does

it belong

n / m m
2 0 0 + Y

(ii) Write the four quantum numbers for 1s' electron.(AS,)

6. ~The wavelength ofaradio wave is 1.0m. Find its frequency.(AS.)

@ Multiple choice questions

1) Anemission 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
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2)

3)

4

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 [ ]
If1=1 for an atom then the number of orbitals in its sub-shell is [ ]
Al B)2 C)3 D)0

The quantum number which explains about size and energy of'the orbit or shell is: [ ]
A)n B)!/ C)m, D) m,

&, Suggested Projects

> v b

Collect the information of historical development of the atomic theory.

Collect the information about the scientists who developed the atomic theories.

Make the s,p and d orbital models.

Collect the information regarding wave lengths and corresponding frequencies of three primary

colours red, blue and green.
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S.No.

Academic Standard

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.

Government’s Gift for Students’ Progress

ACADEMIC STANDARDS

Explanation

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
tield investigation and prepare reports.

Children ate able to collect information telated 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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LEARNING OUTCOMES

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.
(ii1) 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: (1) Scattering ofright, (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: (1) 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: (1) V-1 Graph, (ii) Angle of deviation and angle of incidence graph.

Uses scientific conversations, symbols and equations to represent various quantities, elements
and units.

Eg: (1) Chemical equations, (ii) Units for electric energy, power oflens.
Measures physical quantities using appropriate apparatus, instruments and devices.
Eg: (1) lenses, mirrors, slabs (ii) Meter scale

Derives formulae, equations, laws and applies Scientific concepts in daily life and solving
problems.

Eg: (1) Kirchoft’s law, (i) Omh’s law, (iii) Laws ofresistance. (iv)Lens formula.

Describes Scientific discoveries and inventions.

Eg: (i) Theoris and atomic struature, (i)) Omh’s law

Designs models using eco-friendly resources.

Eg: (i) Electric motor, (ii) Models of H,0, O, and CH, molecules.

Exhibits values of honesty, objectivity, rational thinking, freedom from myths, superstitions
beliefs while taking decisions, respect for life etc.
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Dear teachers...

New Science Text Books are prepared insuch 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
beliefthat teaching of 10" class means preparing the children for public examination. In
10™ 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 childrento 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.

¢ Inpublic examination, the weightage will be givento 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.

e 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.

e 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.

¢ Inthe 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 performall of them is compulsory.

¢ Theabbreviation (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 efc.to develop positive attitude among children about environment,
biodiversity, ecological balance efc.

® Asa partofcontinuous 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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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 10" 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.

¢ Youmay 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 eachteaching point has relation with daily life and discuss the things you
learned in your science class with farmers, artisans efc.

e 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.

e  Whether in note book or exams, write analytically, expressing your own opinions.

e Read booksrelated to your text book, as many as you can.

¢ You organize yourselfthe Science Club programs in your school.

e 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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