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Question 1.

Fill in the blanks and explain the completed statements:

a. Refractive index depends on the............. of light.

Answer:

Refractive index depends on the velocity of light.

It is an experimental fact. (There is no question of explanation.)

b. The change in............ of light rays while going from one medium to another is called
refraction.

Answer:

The change in the direction of propagation of light rays while going from one medium to another
is called refraction. This is definition of refraction. It is assumed that the ray of light passes
obliquely from one medium to another. (There is no question of explanation.)

Question 2.
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Prove the following statements:

a. If the angle of incidence and angle of emergence of a light ray falling on a glass slab
are i and e respectively, prove that i = e. (Practice Activity Sheet — 4)

Answer:
In the following figure, SR || PQ and NM is the refracted ray. Hence, r = i;.

Now g4n, = sin i/sin r and ,ng = sin i4/ sin e.

Incident ray

P Alr Q
|
Glass |
|
& AT,
5 *. R
Air *

Emergent D

ray

Refraction of light
Also gna = 1ang
.. sinisinr=sinesini1

Asr =i, it follows that sini=sin e
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b. A rainbow is the combined effect (an exhibition) of the refraction, dispersion, and total
internal reflection of light (taken together). (Practice Activity Sheet — 1)

(OR)
With a neat labelled diagram, explain how the formation of rainbow occurs.

Answer:

(1) The formation of a rainbow in the sky is a combined result of refraction, dispersion, internal
reflection and again refraction of sunlight by water droplets present in the atmosphere after it
has rained.

Light ray ,»’Rgﬁ-achurl e
and dispersion

/ Internal
! reflection

Violet

Refraction

Red
Formation of a rainbow (schematic diagram)

Here, for simplicity only violet and red colours are shown. The remaining five colours lie
between these two.

(2) The sunlight is a mixture of seven colours: violet, indigo, blue, green, yellow, orange and red.
After it has stopped raining, the atmosphere contains a large number of water droplets. When
sunlight is incident on a water droplet, there is (i) refraction and dispersion of light as it passes
from air to water (ii) internal reflection of light inside the droplet and (iii) refraction of light as it
passes from water to air.
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(3) The refractive index of water is different for different colours, being maximum for violet and
minimum for red. Hence, there is dispersion of light (separation into different colours) as it
passes from air to water. [ See above Figure for reference.]

(4) The combined action of different water droplets, acting like tiny prisms, is to produce a
rainbow with red colour at the outer side and violet colour at the inner side. The remaining five
colours lie between these two.

The rainbow is seen when the sun is behind the observer and water droplets in the front.
Question 3.

Mark the correct answer in the following questions :

A. What is the reason for the twinkling of stars?

(i) Explosions occurring in stars from time to time

(ii) Absorption of light in the earth’s atmosphere

(iii) Motion of stars

(iv) Changing refractive index of the atmospheric gases

Answer:

Changing refractive index of the atmospheric gases.

B. We can see the Sun even when it is little below the horizon because of
(i) reflection of light

(i) refraction of light

(i) dispersion of light

(iv) absorption of light

Answer:

refraction of light
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C. If the refractive index of glass with respect to air is 3/2, what is the refractive index of
air with respect to glass?

(i) 12

(i) 3

(iii) 13

(iv) 23

Answer:

(iv) 23

Question 4.

Solve the following examples:

a. If the speed of light in a medium is 1.5 x 10® m/s, what is the absolute refractive index of the
medium? (Practice Activity Sheet — 1 and 4)

Solution:

Data: v =1.5 x 10® m/s,

c=3x108m/s,n="7?

n = cv=3x108m/s1.5x108m/s = 2

This is the absolute refractive index of the medium.

b. If the absolute refractive indices of glass and water are 32 and 43 respectively, what is
the refractive index of glass with respect to water?

Solution:
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This is the refractive index of glass with respect to water.
Project:
Question 1.

Using a laser and soap water. study the refraction of light under the guidance of your teacher.
(Do it your self)

Can you recall? (Text Book Page No. 73)
Question 1.

What is meant by reflection of light?
Answer:

Reflection of light: When light is incident on the surface of an object, in general, it is deflected in
different directions. This process is called reflection of light.

Question 2.

What are the laws of reflection?
Answer:

Laws of reflection of light:

1. The incident ray and the reflected ray of light are on the opposite sides of the normal to
the reflecting surface at the point of incidence and all the three are in the same plane.
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2. The angle of incidence j and the angle of reflection are equal in measure.
Can you recall? (Text Book page No. 75)
Question 1.

If the refractive index of the second medium with respect to the first medium is ,n, and that of
the third medium with respect to the second medium is 3n,, what and how much is 3n;.

Answer:

3N, is the refractive index of the third medium with respect to the first medium.

v v v, U
oy =1, gy =2 g0 =2 ="1x 2

Uq Uy Uy W Uy

" 3Ny = Ny X 3N,

[Suppose medium 1 = air, medium 2 = ice and medium 3 = diamond. Then, ,n, + 1.31, 3n, =
1.847

Ny = ,ng X 5N, = 1.31 x 1.847 = 2.42 which is the refractive index of diamond with respect to
air.]

Can you tell? (Textbook page No. 76)
Question 1.

Have you seen a mirage which is an illusion of the appearance of water on a hot road or
in a desert?

Answer:

Due to the changes in refraction of light, the light rays coming from a distant object appear to be
coming from the image of the object inside the ground. This is called a mirage. When the earth’s
surface is heated by the sun, the temperature of air increases. This produces a layer of hot air
of lower density (mass per unit volume) and lower refractive index at the surface.
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Hot air works as an optically rarer medium relative to cool air. When the temperature changes
rapidly in the vertical direction, as refraction of light takes place, the angle of refraction changes
continuously. The rays of light from the top of an object such as a car or tree cross the rays from
the bottom of the object on their way to the observer’s eye.

Hence, an inverted image is formed below the object’s true position and downward towards the
surface in the direction of air at higher temperature. In this case, some rays of light bend back
up into the denser air above figure. Mirage produces an impression of water near the hot
ground.

Question 2.

Have you seen that objects beyond and above a holy fire appear to be shaking? Why
does this happen?

Answer:

The temperature of air beyond and above a holy fire changes all the time. Hence, the density of
air also changes constantly. Hence, the direction of propagation of the rays of light approaching

us from the objects beyond and above the holy fire changes constantly. Therefore, those objects
appear to be shaking.

Use your brain power! (Text Book Page No. 77)
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Question 1.

From incident white light how will you obtain white emergent light by making use of two
prisms?

Answer:

Take a prism. Allow white light to fall on it.

Obtain a spectrum.

Take a second identical prism. Place it parallel to the first prism in an upside down
position with the first prism [as shown in Figure]

Allow the colours of the spectrum to pass through the second prism.

Obtain the beam of light emerging from the other side of the second prism.

3
I !

( Schematic diagram)

The beam of light emerging from the other side of the second prism is a beam of white light.

Explanation: White light is made up of seven colours. The first prism produces dispersion of
white light while the second prism combines light of different colours to produce white light
again. The net deviation of a ray of light is zero.

[Note: This experiment is due to sir Isaac Newton. It proved that it was not the prism which
added colours to the white light but a property of the white light itself.]

Question 2.
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You must have seen chandeliers having glass prisms. The light from a tungsten bulb
gets dispersed while passing through these prisms and we see coloured spectrum. If we
use an LED light instead of a tungsten bulb, will we be able to see the same effect?

Answer:

Light emitted by LED (light-emitting-diode) does not have all wavelengths in the region 400 nm
to 700 nm. Hence, its spectrum is not the same as that of light from a tungsten bulb or as that of
sunlight.

Fill in the blanks and rewrite the statements:
Question 1.

The phenomenon of change in the........... of light when it passes obliquely from one transparent
medium to another is called refraction.

Answer:

The phenomenon of change in the direction of propagation of light when it passes obliquely
from one transparent medium to another is called refraction.

Question 2.

The refractive index depends upon the............ of propagation of light in different media.
Answer:

The refractive index depends upon the velocity of propagation of light in different media.
Question 3.

The process of separation of light into its component colours while passing through a medium is
called...........

Answer:

The process of separation of light into its component colours while passing through a medium is
called dispersion of light.

Question 4.
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When a light ray travels obliquely from air to water, it bends......... the normal at the point of
incidence.

Answer:

When a light ray travels obliquely from air to water, it bends towards the normal at the point of
incidence.

Question 5.

When a light ray travels obliquely from benzene to air, it bends............ the normal at the point
of incidence.

Answer:

When a light ray travels obliquely from benzene to air, it bends away from the normal at the
point of incidence.

Question 6.

In glass, the speed of red ray is...... violet ray.

Answer:

In glass, the speed of red ray is greater than that of violet ray.
Question 7.

The speed of lightin glassiis......... in water.

Answer:

The speed of light in glass is less than that in water.
Question 8.

The speed of light in wateris............ in benzene.
Answer:

The speed of light in water is greater than that in benzene.

Question 9.
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Rainbow occurs due to refraction, dispersion,.......... and again refraction of sunlight by water
droplets.

Answer:

Rainbow occurs due to refraction, dispersion, internal reflection and again refraction of sunlight
by water droplets.

Question 10.

In dispersion of sunlight by a glass prism,........... ray is deviated the least.
Answer:

In dispersion of sunlight by a glass prism, red ray is deviated the least.
Rewrite the following statements by selecting the correct options:
Question 1.

The change in the direction of propagation of light when it passes obliquely from one
transparent medium to another is called.........

(a) dispersion
(b) scattering
(c) refraction
(d) reflection
Answer:

(c) refraction
Question 2.

When a ray of light travels from air to glass slab and strikes the surface of separation at
90°, theniit............

(a) bends towards the normal

(b) bends away from the normal
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(c) passes unbent
(d) passes in zigzag way
Answer:
(c) passes unbent
Question 3.

If a ray of light passes from a denser medium to a rarer medium in a straight line, the
angle of incidence must be............

(a) 0°

(b) 30°

(c) 60°

(d) 90°
Answer:
(a)0°
Question 4.

A ray of light strikes a glass slab at an angle of 50° with the normal to the surface of the
slab. What is the angle of incidence?

(a) 50°
(b) 25°
(c) 40°
(d) 100°
Answer:
(a) 50°

Question 5.
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If a ray of light propagating in air strikes a glass slab at an angle of 60° with the surface
of the slab, the angle of refraction is............

(a) more than 30 °
(b) less than 30 °
(c) 60°

(d) 30°

Answer:

(b) less than 30 °
Question 6.

A ray of light gets deviated When it passes obliquely from one medium to another
medium because...........

(a) the colour of light changes

(b) the frequency of light changes
(c) the speed of light changes

(d) the intensity of light changes
Answer:

(c) the speed of light changes
Question 7.

The speed of light in turpentine oil is 2 x 108 m/s. The absolute refractive index of
turpentine oil is about........ [Speed of light in vacuum = 3 x 108 m/s]
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(d) 0.67
Answer:
(@) 1.5
Question 8.
LASER stands for...........
(a) light amplification by stimulated emission of radiation
(b) light and sound energy radiation
(c) light and simulated energy radiation
(d) light amplification by sound energy radiation
Answer:
(a) light amplification by stimulated emission of radiation
Question 9.
Out of the following.......... has the highest absolute refractive index.
(a) fused quartz
(b) diamond
(c) crown glass
(d) ruby
Answer:
(b) diamond
Question 10.
The absolute refractive index............

(a) is expressed in dioptre
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(b) is expressed in m/s
(c) of air is about 43
(d) has no unit
Answer:
(d) has no unit
Question 11.

The speed of light in a medium of refractive index n is.......... , where c is the speed of
light

in vacuum.

(c) nc

(d) cn——+
Answer:

(a) cn
Question 12.

The speed of light in a transparent medium having absolute refractive index 1.25
([P [Speed of light in vacuum = 3 x 102 m/s]

(@) 1.25 x 10® m/s
(b) 2.4 x 108 m/s
(c) 3.0 x 108 m/s
(d) 1.5 x 108 m/s

Answer:
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(b) 2.4 x 10® m/s
Question 13.

............ light is deviated the maximum in the spectrpm of white light obtained with a
glass prism.

(a) Red

(b) Yellow

(c) Violet

(d) Blue
Answer:

(c) Violet
Question 14.

........... light is deviated the least in the spectrum of white light obtained with a glass

(b) Yellow

(c) Violet

(d) Blue
Answer:

(a) Red
Question 15.

A ray of light makes an angle of 50° with the surface S1 of the glass slab. Its angle of
incidence will be............. (March 2019)

(a) 50°
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(b) 40°
(c) 140°
(d)0°
Answer:
(a) 50°
Question 16.
A glass slab is placed in the path of convergent light. The point of convergence of light:
(a) moves away from the slab
(b) moves towards the slab
(c) remains at the same point
(d) undergoes a lateral shift
Answer:
(a) moves away from the slab
Question 17.

In refraction of light through a glass slab, the directions of the incident ray and the
refracted ray are............ (Practice Activity Sheet — 1)

(a) perpendicular to each other
(b) non-parallel to each other
(c) parallel to each other

(d) intersecting each other
Answer:

(c) parallel to each other

Question 18.
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If we gradually increase the angle of incidence of a ray of light passing through a prism,
then.............. (Practice Activity Sheet — 4)

(a) the angle of deviation goes on decreasing

(b) the angle of deviation decreases but after certain value of incident angle, deviation angle
increases

(c) the angle of deviation goes on increasing

(d) the angle of deviation increases but after certain value of incident angle, deviation angle
decreases

Answer:

(b) the angle of deviation decreases but after certain value of incident angle, deviation angle
increases

State whether the following statements are True or False. (If a statement is false, correct
it and rewrite it.):

Question 1.

The incident ray and the refracted ray of light are on the opposite sides of the normal at the
point of incidence.

Answer:

True.

Question 2.

The refractive index of a medium (such as glass) does not depend on the wavelength of light.
Answer:

False. (The refractive index of a medium depends on the wavelength of light.)

Question 3.

When a light ray travels obliquely from an optically rarer medium to an optically denser medium,
it bends away from the normal.
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Answer:

False. (When a light ray travels obliquely from an optically rarer medium to an optically denser
medium, it bends towards the normal.)

Question 4.

When a light ray travels obliquely from glass to air, it bends towards the normal.
Answer:

False. (When a light ray travels obliquely from glass to air, it bends away from the normal.)
Question 5.

If the angle of incidence is 0°, the angle of refraction is 90°.

Answer:

False. (If the angle of incidence is 0°, the angle of refraction is also 0°.)

Question 6.

In dispersion of white light by a glass prism, yellow colour is deviated the least.
Answer:

False. (In dispersion of white light by a glass prism, red colour is deviated the least.)
Question 7.

In vacuum, the speed of light does not depend upon the frequency of light.

Answer:

True.

Question 8.

In glass, the speed of violet ray is less than that of red ray.

Answer:

True.
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Question 9.
In a material medium, the speed of light depends on the frequency of light.
Answer:
True.
Question 10.
The velocity of light is different in different media.
Answer:
True.
Question 11.
Wavelength of red light is close to 700 nm.
Answer:
True.
Question 12.
Wavelength of orange light is greater than that of blue light.
Answer:
True.
Find the odd one out and give the reason:
Question 1.
Reflection, Neutralization, Refraction, Dispersion.
Answer:

Neutralization. It is associated with a chemical reaction between an acid and an alkali; others
are phenomena associated with light.

Answer the following questions in one sentence each:
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Question 1.
Mention any two phenomena in nature where refraction of light takes place.
Answer:
Mirage and twinkling of a star.
Question 2.
What is the angle of refraction when the angle of incidence is 0°?
Answer:
When the angle of incidence is 0°, the angle of refraction is also 0°.
Question 3.
In refraction of light, sinisinr = constant in sin a particular case. What is this constant called?
Answer:

The constant sinisinr (in a particular case) is called the refractive index of the second medium
with respect to the first medium.

Question 4.

If the refractive index of medium 2 with respect to medium 1 is 5/3, what is the refractive index
of medium 1 with respect to medium 27?

Answer:

The refractive index of medium 1 with respect to medium 2 is 0.6.

Question 5.

In dispersion of sunlight by a glass prism, which colour is deviated the least?
Answer:

In dispersion of sunlight by a glass prism, red colour is deviated the least.

Question 6.
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In dispersion of sunlight by a glass prism, which colour is deviated the most?
Answer:
In dispersion of sunlight by a glass prism, violet colour is deviated the most.
Question 7.
What is the wavelength of violet light?
Answer:
The wavelength of violet light is (about) 400 nm.
Question 8.
State the relation between ,n, and critical angle.
Answer:
oN, = sin i, where i is the critical angle.
Answer the following questions:
Question 1.
What is meant by refraction of light?
Answer:

The change in the direction of propagation of light when it passes obliquely from one
transparent medium to another is called refraction of light.

Question 2.

Why is there a change in the direction of propagation of light when it passes obliquely from one
transparent medium to another?

Answer:

The velocity of light is different in different media. Hence, there is a change in the direction of
propagation of light when it passes obliquely from one transparent medium to another.
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Question 3.

In the case of refraction of light through a glass slab, the emergent ray is parallel to the incident
ray, but it is displaced sideways. Why does this happen?

Answer:

The first refraction takes place as light passes obliquely from air to glass. In this case, the ray of
light bends towards the normal at point N. The second refraction takes place as light passes
obliquely from glass to air. In this case, the ray of light bends away from the normal at point M.
The faces PQ and SR of the glass slab are parallel. Hence, the extent of bending of light at SR
is equal in magnitude but opposite in sense relative to the bending of light at PQ. Hence, the
emergent ray of light (MD) is parallel to the incident ray of light (AN), but it is displaced sideways
as shown in Figure.

Question 4.
Define angle of incidence and angle of refraction.

Answer:
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(1) The angle made by the incident ray of light with the normal to the surface at the point of
incidence is called the angle of incidence.

(2) The angle made by the refracted ray of light with the normal to the surface at the point of
incidence is called the angle of refraction.

[Note: The angle e in Fig. 6.3 is also called the angle of emergence as it is the angle made by
the emergent ray with the normal to the surface at the point of emergence. ]

Question 5.

Repeat the activity “Refraction of light passing through a glass sI*b” by replacing the
glass slab by a transparent plastic slab.

(i) What similarity do you observe?

(i) What difference do you notice?

Answer:

(i) Similarity: The emergent ray is parallel to the incident ray, but it is displaced sideways.

(i) Difference: For a given angle of incidence, the extent of refraction (bending) is different (in
general, less) for a transparent plastic slab relative to the glass slab.

Question 6.

State the laws of refraction of light.
Answer:

Laws of refraction of light:

(1) The incident ray and the refracted ray are on the opposite sides of the normal to the surface
at the point of incidence and all the three, i.e., the incident ray, the refracted ray and the normal
are in the same plane.

(2) For a given pair of media, the ratio of the sine of the angle of incidence to the sine of the
angle of refraction is constant (Snell’s law). This constant is called the refractive index of the
second medium with respect to the first medium.

[Note: Here, a ray means a ray of light.]
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Question 7.
How is refraction of light related to refractive index?
Answer:

When a ray of light travels obliquely from an optically rarer medium (lower refractive index) to an
optically denser medium (higher refractive index), the ray bends towards the normal. When a
ray of light travels obliquely from an optically denser medium to an optically rarer medium, the
ray bends away from the normal. For a given angle of incidence (i # 0), the extent of refraction
(bending) of light is different in different media.

If the refractive index of the second medium with respect to the first medium is greater than 1,
the greater the refractive index, the greater is the bending of the ray of light towards the normal.
If the refractive index of the second medium with respect to the first medium is less than 1, the
greater the refractive index, the lesser is the bending of the ray of light away from the normal.

Question 8.

Define the refractive index of the second medium with respect to the first medium.
(OR)

What is meant by refractive index?

Answer:

The refractive index of the second medium with respect to the first medium is defined as the
ratio of the sine of the angle of incidence to the sine of the angle of refraction when the ray of
light is obliquely incident at the boundary separating the
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Incident ray
Mormal

Rarer medium 0

Denser medium

Refracted ray

5 R

Fig. 6.4 : A ray of light travelling from
medium 1 to medium 2

two media and travels from the first medium to the second medium. (See Fig. 6.4.)
(OR)

The refractive index of the second medium with respect to the first medium is defined as the
ratio of (the magnitude of) the velocity of light in the first medium to (the magnitude of) the
velocity of light in the second medium.

[Note: Velocity is a vector, i.e., it has magnitude and direction. In definition of refractive index,
we consider only the magnitude of velocity of light (speed of light). Velocity of light in a medium
depends on the physical condition of the medium as well as the frequency of light. Velocity of
light is different in different media. For a given medium, the refractive index depends on the
colour of light (frequency of light.)]

Question 9.

State the formulae for the refractive index of the second medium with respect to the first
medium.

Answer:
The refractive index of the second medium with respect to the first medium,

oNy = sinisinr=v1v2
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where i is the angle of incidence, r is the angle of refraction (as the ray of light passes obliquely
from the first medium to the second medium), v, is the magnitude of the velocity (speed) of light
in the first medium and v, is the magnitude of the velocity of light in the second medium.

Question 10.
Define absolute refractive index.
Answer:

The absolute refractive index of a medium is defined as the ratio of the magnitude of the velocity
of light in vacuum to the magnitude of the velocity of light in the medium.

[Note: The speed of light is maximum in vacuum, about 3 x 108 m/s. When light travels from one
medium to another, there occurs a change in its speed and wavelength (A). But its frequency (v)
remain the same.]

Question 11.

Obtain the relation between the refractive index of the second medium with respect to the
first medium and the refractive index of the first medium with respect to the second
medium.

Answer:

Let v, = speed of light in the first medium, v, = speed of light in the second medium, ,n; =
refractive index of the second medium With respect to the first medium and ;n, = refractive
index of the first medium with respect to the second medium.

By definition, ,n, = v1v2 and ;n, = v2v1
Hence,

Mg =—
2l

(OR)
Ny % Ny =1,

Question 12.
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If the refractive index of a certain material with respect to air is 1.5, what is the refractive
index of air with respect to that material?

Answer:

As the refractive index of the given material with respect to air is 1.5, the refractive index of air
with respect to the material is

11.5=13/2=23 = 0.6667 (approximately)

Question 13.

Explain the terms optically rarer medium and optically denser medium with examples.
Answer:

When we consider two media (such as air and glass), the medium with lower refractive index is
called the optically rarer medium (in the present case, air) and the medium with higher refractive
index is called the optically denser medium (glass, in the present case).

The higher density does not necessarily mean higher refractive index. For example, the density
of water is greater than that of kerosene, but the absolute refractive index of water is less than
that of kerosine. Thus, when we consider water and kerosine, water is an optically rarer medium
while kerosine is an optically denser medium.

If we consider kerosene and benzene, kerosine is an optically rarer medium while benzene is an
optically denser medium.

Question 14.

A ray of light is incident obliquely at a boundary separating two media. What is its
behaviour if (1) the refractive index of the second medium is greater than that of the first
medium (2) the refractive index of the first medium is greater than that of the second
medium? Draw the corresponding neat and labelled diagrams.

Answer:
Consider a ray of light incident obliquely at a boundary separating two media.

(1) If the refractive index of the second medium is greater than that of the first medium, the ray
bends towards the normal at the point of incidence as it travels from the first medium (optically
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rarer medium) to the second medium (optically denser medium). The angle of refraction (r) is
less than the angle of incidence (i). (Fig. 6.6)

Incident ray
Mormal
;

p Rarer medium 0

r Denser medium |

| |

_ Refracted ray |
. |
| .
s R

Incident ray Denser
medium

Normal

| ) ) Refracted ray
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(2) If the refractive index of the first medium is greater than that of the second medium, the ray
bends away from the normal at the point of incidence as it travels from the first medium
(optically denser medium), to the second medium (optically rarer medium). The angle of
refraction (r) is greater than the angle of incidence (i). (Fig. 6.7)

[Note In this chapter, a rarer medium means an optically rarer medium and a denser medium
means optically denser medium unless stated otherwise.]

Question 15.

Observe the following figure and write accurate conclusion regarding refraction of light.
(Practice Activity Sheet — 2)

Rarer medium

Denser medium

Answer:

When a light ray passes obliquely from a rarer medium to a denser medium, it bends towards
the normal.

Question 16.

What happens when a ray of light is incident normal to the interface between two media?
Draw the corresponding neat and labelled diagram.

Answer:
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When a ray of light is incident normal to the interface between two media, the ray propagates
undeviated as it travels from the first medium to the second medium irrespective of the refractive
indices of the two media. In this case, the angle of incidence (i) is zero and so also the angle of
refraction (r).

Incident ray

I}

|
I
[ =T £

Medium | 0

Medium 2

Refracted ray

Fig. 6.9: A ray of light incident normal to the interface between two media propagates without
any change in its direction of propagation

Question 17.

Draw a neat and labelled diagram to show the path of a ray of light in air and glass when
the ray is incident obliquely on a glass slab. Show the (i) incident ray (ii) refracted ray (iii)
emergent ray (iv) angle of incidence (v) angle of refraction (vi) angle of emergence in the
diagram.

(OR)
Draw a neat and labelled diagram to show refraction of light through a glass slab.

Answer:
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Incident ray = I
;| Norma

P Air Q
| .
| | Glass slab
]
.
l I Refracted ray
i i
5 Air R

Emergent ray

Fig. 6.10: The path of the ray of light in air and glass when the ray is incident obliquely on a
glass slab

In Fig. 6.10, i = angle of incidence, r = angle of refraction and e = angle of emergence.
Question 18.

Observe the given figure and name the following rays:
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(i) ray AB

(i) Ray BC

(iii) ray CD

Answer:

(i) The ray AB is the incident ray.
(i) The ray BC is the refracted ray.
(iii) The ray CD is the emergent ray.
Question 19.

A plane mirror is kept at the bottom of a trough with water in it as shown in the following
figure (Fig. 6.12). The ray of light emerging from a source at the point S outside the
trough reaches the point A on the surface of water. Draw a neat ray diagram to show the
subsequent path of light and complete the ray diagram.
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Adr
i
'
: +—1 Water
D e— Plane mirror
Fig. 6.12
Answer:
Emergent

: MNormal Normal |

Incident ray

—Water

-— Flane mirror

The path of the ray of light

Question 20.

Give two examples of the effect of atmospheric refraction on a small scale in local
environment.

PDS//WWW.INdcaree
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Answer:

-_—

The occurrence of a mirage

2. Flickering of an object seen through a turbulent stream of hot air rising above the Holi
fire are examples of the effect of atmospheric refraction on a small scale in local
environment.

Question 21.

What is a mirage? With a neat labelled diagram, explain the conditions under which it is
seen.

Answer:

Due to the changes in refraction of light, the light rays coming from a distant object appear to be
coming from the image of the object inside the ground. This is called a mirage.

Cold air -
. _f-f
. ‘h-\_\-\_\-\_\"'—\—.__\_\_‘_ e f/./"’
B ____r"ﬂdf’ Hot air

Hot surface _fﬁ%“

When the earth’s surface is heated by the sun, the temperature of air increases. This produces
a layer of hot air of lower density (mass per unit volume) and lower refractive index at the
surface. Hot air works as an optically rarer medium relative to cool air. When the temperature
changes rapidly in the vertical direction, as refraction of light takes place, the angle of refraction
changes continuously.
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The rays of light from the top of an object such as a car or tree cross the rays from the bottom of
the object on their way to the observer’s eye. Hence, an inverted image is formed below the
object’s true position and downward towards the surface in the direction of air at higher
temperature. In this case, some rays of light bend back up into the denser air above figure.
Mirage produces an impression of water near the hot ground.

Question 22.

Explain in brief the flickering of an object seen through a turbulent stream of hot air
rising above the Holi fire.

Answer:

During the Holi fire, the temperature of the air just above the fire becomes much greater than
that of the air further up. The hot air has lower density (mass per unit volume) and lower
refractive index. It becomes an optically rarer medium. The cool air has higher density and
higher refractive index. It is an optically denser medium relative to hot air. Hence, in refraction of
light, the angle of refraction changes continuously due to a continuous variation in refractive
index.

As the physical conditions of air change rapidly, the apparent position of an object fluctuates
rapidly. This gives rise to the flickering of an object seen through a turbulent stream of hot air
rising above the Holi fire.

Question 23.

With a neat labelled diagram, explain twinkling of a star. Also explain why a planet does
not twinkle.

Answer:

(1) As a star is far away from the earth, it appears as a point source of light. The density of air
decreases with height above the earth’s surface. Hence, the refractive index of air also
decreases with height. When starlight enters the earth’s atmosphere, it undergoes refraction
continuously in the medium with gradually changing refractive index. The bending of starlight
occurs towards the normal as it passes from the optically rarer part of the medium to the
optically denser part.

(2) Hence, when a star is observed near the horizon, its apparent position is slightly higher than
the actual position (See below figure).
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(3) Further, the apparent position varies with time as the medium is not stationary due to mobility
of air and change in temperature. When more light is refracted towards the observer the star
appears bright. When less light is refracted towards the observer, the star appears dim.

A Apparent star
| =. 7 position
Star /)

-~ ==

|

Light ray path

Refractive index
increasing

Observer

Actual position and apparent position of a star
(Schematic diagram)

(4) Thus there is fluctuation in the brightness of a star when observed from the earth. This is
called twinkling of a star.

(5) Compared to stars, planets are relatively closer to the earth. Hence, a planet appears as a
collection of a large number of point sources. Due to the changes in the refractive index of air,
there is a change in the position and brightness of these point sources.

There is an increase in intensity of light coming from some point sources while there is a
decrease in intensity of light coming from equal number of other point sources, on an average.
The average brightness of a planet remain the same. Also, there is no change in the average
position of a star. Hence, a planet does not twinkle.

Question 24.

@II 1V WwCiil GG


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-6-refraction-of-light/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-6-refraction-of-light/

@l 1IUN\adl CClI
What is the correct reason for blinking/flickering of stars? Explain it.
(a) The blasts in the stars.
(b) Absorption of star light by the atmosphere.
(c) Motion of the stars.
(d) Changing refractive index of gases in the atmosphere. (Practice Activity Sheet — 2)
Answer:

(d) Changing refractive index of the gases in the atmosphere results in blinking/flickering of
stars.

Explanation:

(1) As a star is far away from the earth, it appears as a point source of light. The density of air
decreases with height above the earth’s surface. Hence, the refractive index of air also
decreases with height. When starlight enters the earth’s atmosphere, it undergoes refraction
continuously in the medium with gradually changing refractive index. The bending of starlight
occurs towards the normal as it passes from the optically rarer part of the medium to the
optically denser part.

(2) Hence, when a star is observed near the horizon, its apparent position is slightly higher than
the actual position (See below figure).

(3) Further, the apparent position varies with time as the medium is not stationary due to mobility
of air and change in temperature. When more light is refracted towards the observer the star
appears bright. When less light is refracted towards the observer, the star appears dim.
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A Apparent star
=. .~ position

4

Light ray path

Refractive index
increasing

Observer

Fig. 6.15 : Actual position and apparent position of a star
(Schematic diagram)

(4) Thus there is fluctuation in the brightness of a star when observed from the earth. This is
called twinkling of a star.

(5) Compared to stars, planets are relatively closer to the earth. Hence, a planet appears as a
collection of a large number of point sources. Due to the changes in the refractive index of air,
there is a change in the position and brightness of these point sources.

There is an increase in intensity of light coming from some point sources while there is a
decrease in intensity of light coming from equal number of other point sources, on an average.
The average brightness of a planet remain the same. Also, there is no change in the average
position of a star. Hence, a planet does not twinkle.

Question 25.
With a neat labelled diagram, explain advanced sunrise and delayed sunset.

Answer:
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(1) The sunrise (the appearance of the sun above the horizon) is advanced due to atmospheric
refraction of sunlight. An observer on the earth sees the sun two minutes before the sun
reaches the horizon. A ray of sunlight entering the earth’s atmosphere follows a curved path due
to atmospheric refraction before reaching the earth. This happens due to a gradual variation in
the refractive index of the atmosphere.

For the observer on the earth, the apparent position of the sun is slightly higher than the actual
position. Hence, the sun is seen before the sun reaches the horizon.

(2) Increased atmospheric refraction of sunlight occurs also at the sunset (the sun disappearing
below the horizon). In this case, the observer on the earth continues to see the setting sun for
two minutes after the sun has dipped below the horizon, thus delaying the sunset.

Atmospheric layers
i e - — : 'Ill. - - -
£ -1-‘--"-- o 77 d".lll
= -

Apparent position e ] - e
-3 e

Horizon

Real position

Effect of atmospheric refraction

The advanced sunrise and delayed sunset increases the duration of day by four minutes.
Question 26.

Water in a swimming pool or water tank appears shallower than its depth. Why?
Answer:

When light rays travel obliquely from an optically denser medium (water, in this case) to an
optically rarer medium (air, in this case), they bend away from the normal at the point of
incidence. As a result, the bottom of a swimming pool or water tank appears raised to an
observer standing near the edge of the pool or the tank. Therefore, the swimming pool or water
tank appears shallower than its depth.

Question 27.
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Place a coin at the bottom of a glass jar containing water. Now tilt the jar suitably. When
viewed at a suitable angle, the coin appears to be floating. Why?

Answer:

When light rays travel obliquely from an optically denser medium (water, in this case) to an
optically rarer medium (air, in this case), they bend away from the normal at the point of
incidence. As a result, the coin appears raised. Therefore, when the jar is tilted suitably and
observed at a suitable angle, the coin appears to be floating.

Question 28.
State the wavelength range of electromagnetic radiation to which our eyes are sensitive.
Answer:

Our eyes are sensitive to light (electromagnetic radiation). Its wavelength range is 400 nm to
700 nm.

[Note: Wavelength (A) goes on decreasing and frequency (v) goes on increasing from red (A =
700 nm) — orange — yellow — green — blue — indigo — violet (A = 400 nm). ¢ = VA, where c
is the speed of light in vacuum.]

Question 29.

What do you mean by dispersion of light? What is a spectrum of light? Name the
different colours of light in the proper sequence in the spectrum of white light.

(OR)

What do you mean by dispersion? Name the different colours of light in the proper
sequence in the spectrum of white light.

Answer:

The process of separation of light into its component colours while passing through a medium is
called dispersion of light. The band of coloured components of a light beam is called spectrum.

The different colours of light in the spectrum of white light are violet, indigo, blue, green, yellow,
orange and red.

Question 30.
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What is a prism?
Answer:

A prism is a transparent medium bound by two plane surfaces inclined at an angle. Normally it
is made of glass and has triangular cross section.

Question 31.

With a neat labelled diagram, describe the experiment to demonstrate dispersion of
sunlight (white light) by a prism.

Answer:
Experiment:

(1) Procedure: Keep a glass prism on a table in a dark room. Hold a plane mirror outside the
room so that it reflects a beam of sunlight into the room. Allow this beam to pass through a
narrow slit made in cardboard and then fall on the prism. Place a white screen on the other side
of the prism as shown in the following figure. [Fig. 6.17]

Slit

Gilass prism

Cardboard White light /

spectrum
Fig. 6.17 : Dispersion of sunlight (white light) by
a glass prism

(2) Observations:

1. A pattern of various colours is observed on the screen. This pattern is called the
spectrum.

2. ltis found that in dispersion, the ray corresponding to violet colour deviates the most.

3. The ray corresponding to red colour deviates the least.

4. The deviation of rays corresponding to other colours is intermediate.
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(3) Conclusion: When sunlight (white light) is incident on a prism, dispersion of light takes place,
forming a spectrum.

[Notes: (1) This experiment is due to Sir Isaac Newton (1642 — 1727), English physicist and
mathematician. (2) If in a Board examination, incomplete diagram (as shown in Fig. 6.18) is
given, students should complete it and label its parts as shown in Fig. 6.17.]

e
..=-_-;1{;Lf‘~:é{‘“
\ . Glass prism
Fig. 6.18
Question 32.

How does the dispersion of white light take place when it passes through a glass prism?
Answer:

When rays of light are incident on a prism, they are refracted twice, while travelling from air to
glass and then from glass to air. Even when the incident rays are directed away from the base
of the prism, the emergent rays bend towards the base of the prism, as the prism is triangular.
Thus, the rays are deviated as they pass through the prism.

The refractive index of glass is different for different colours. Therefore, the rays corresponding
to different colours are deviated to different extents. White light is a mixture of seven colours :
violet, indigo, blue, green, yellow, orange and red. Hence, when white light is incident on a
prism, a spectrum of seven colours is obtained.

The refractive index of glass is maximum for violet light and minimum for red light. Hence, violet
light is deviated the most and red light is deviated the least. The deviation of rays corresponding
to other colours is intermediate. In this manner, the dispersion of light takes place when it
passes through a glass prism. [For reference, see Fig. 6.17.]

Question 33.
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What is a spectrum? Why do we get a spectrum of seven colours when while light is
dispersed by a prism?

(OR)
Explain how a spectrum is formed.
Answer:

A band of coloured components of a light beam is called a spectrum. When white light is
incident on a prism, the rays corresponding to different colours bend through different angles on
refraction.

Of the various colours in the visible region, red light bends the least and violet light bends the
most. Each colour emerges through the prism along a different path and becomes, distinct.
Hence, we get a spectrum of seven colours.

Question 34.
What is partial reflection of light?
Answer:

When light travels from a denser medium to a rarer medium, it is partially reflected, i.e., part of
light comes back into the denser medium as per the laws of reflection. This is called partial
reflection of light.

[Note: Partial reflection of light occurs even when light travels from a rarer medium to a denser
medium. The rest of light is refracted.]

Question 35.
Explain the terms total internal reflection and critical angle.
Answer:

Figure 6.20 shows passage of light from water (denser medium) to air (rarer medium).
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Refracted rays

Aldr
| ' Medium 1}
|| Water i :
. ! Total internal|
[ | reflection |
| |
; i Light Saad
| source d Reflected ray Medium 2|

|
Fig. 6.20 : Partial and total internal reflection

The ray of light incident at the boundary separating the two media bends away from the normal
on refraction. Here, the angle of refraction r, is greater than the angle of incidence i.

Now .n,, = sinisinr < 1. Here, ,n,, is the refractive index of sin r air with respect to water.

As ,n,, is constant, r increases as i increases. For r = 90°, the ray travels along the boundary. If i
is increased further, as r cannot be greater than 90°, light does not enter air. There is no
refraction of light and all the light enters water on reflection. This is called total internal
reflection.

Forr=90°, .n, = sinisin90° = sin i. This angle i is sin 90° called the critical angle.
Question 36.

Swarali has got the following observations while doing an experiment. Answer her
questions with the help of observations. (Practice Activity Sheet — 2)

Swarali observed that the light bent away from the normal, while travelling from a denser
medium to a rarer medium. When Swarali increased the values of the angle of incidence
(i). the values of the angle of refraction (r) went on increasing. But at a certain angle of
incidence, the light rays returned into the denser medium.

So, Swarali has some questions. Answer them.
(a) Name this certain value of i. What is the value of r at that time?
(b) Name this process of returning light in the denser medium. Explain the process.

Answer:
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(a) Critical angle r = 90°
(b) Total internal reflection.

As light goes from a denser to rarer medium, if the value of the angle of incidence increases,
then the value of the angle of refraction also increases. But after a specific angle of incidence
called the critical angle, the light gets reflected back into the denser medium.

The ray of light incident at the boundary separating the two media bends away from the normal
on refraction. Here, the angle of refraction r, is greater than the angle of incidence i.

Now ,n,, = sinisinr < 1. Here, ,n,, is the refractive index of sin r air with respect to water. As ,n,, is
constant, r increases as i increases. For r = 90°, the ray travels along the boundary. If i is
increased further, as r cannot be greater than 90°, light does not enter air. There is no refraction
of light and all the light enters water on reflection. This is called total internal reflection.

For r =90°, anw = sinisin90° = sin i. This angle i is sin 90° called the critical angle.
Question 37.

The observations made by Swarali while doing the experiment are given below. Based on
these write answers to the questions:

Swarali found that the light ray travelling from the denser medium to a rarer medium
goes away from the normal. If the angle of incidence (i) is raised by Swarali, the angle of
refraction (r) went on increasing. However, after certain value of the angle of incidence,
the light ray is seen to return back into the denser medium. (March 2019)

(i) What is the specific value of Zi called?

(i) What is the process of reflection of incident ray into a denser medium called?
(iii) Draw the diagrams of three observations made by Swarali.

Answer:

(i) Critical angle

(i) Total internal reflection

(iii)
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Question 38.
Define total internal reflection of light.
Answer:

When light travels from a denser medium to a rarer medium, if the angle of incidence is greater
than the critical angle, there is no refraction of light and all the light is reflected in the denser
medium. This is called total internal reflection of light.

Question 39.
Define critical angle.
Answer:

When light travels from a denser medium to a rarer medium, the angle of incidence for which
the angle of refraction becomes 90°, is called the critical angle.

Question 40.

If the refractive index of a rarer medium with respect to a denser medium is 0.5, what is
the critical angle?

Answer:
n,=0.5=sini

.". Critical angle i = 30°.
Question 41.

Name the devices in which total internal reflection of light is used.

Qter—6 refractlon of light/
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Answer:

1. Total internal reflecting prisms are used in a camera, binoculars, periscope.
2. Total internal reflection of light is used in optical fibres.

[Note: Total internal reflection of light plays an important role in sparkling brilliance of a
diamond.]

Question 42.

Explain why an empty test tube held obliquely in water appears shiny to an observer
looking down.

Answer:

When an empty test tube is held obliquely in Water in a beaker, some light rays passing from
water to air are incident at an angle greater than the critical angle. They are, thus, totally
internally reflected as shown, and the surface of the test tube has a silvery shine.

- Water

7 [

- Empty test tube |
loaded with a ;
few metal balls

Light rays o

An empty test tube held immersed
in water appears shiny

Question 43.
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Observe the given figure and answer the following questions. (Practice Activity Sheet —
3)

(a) Identify and write the natural process shown in the figure.

(b) List the phenomena which are observed in this process.

(c) Redraw the diagram and show the above phenomena in it.
Answer:

(a) The natural process shown in the figure is formation of rainbow.

(b) The phenomena observed in this process are refraction, internal reflection and dispersion of
light.

(c)
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Violet

Refraction

Red
Formation of a rainhbow (schematic diagram)

Write a short note on the following:
Question 1.

Refraction observed in the atmosphere.
Answer:

When a ray of light passes obliquely from an optically rarer medium to an optically denser
medium, it bends towards the normal at the point of incidence. If opposite is the case, the ray
bends away from the normal.

Atmosphere is never static. Air is mobile and its density and temperature are not uniform. As a
result, in general, the path of a ray of light through atmosphere of varying refractive index is a
curve. The refractive index of cool air is greater than that of hot air.

Atmospheric refraction of light results in many interesting optical phenomena such as twinkling
of a star, advanced sunrise and delayed sunset, mirage and flickering of an object seen through
a turbulent stream of hot air rising from a fire.

Question 2.
Dispersion of light.

Answer:
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The process of separation of light into its component colours while passing through a medium is
called dispersion of light. When white light passes through a glass prism, it spreads out into a
band of different colours (components) called the spectrum of light. The colours in the spectrum
of white light are violet, indigo, blue, green, yellow, orange and red.

Formation of a rainbow is an example of dispersion of light in nature. In this case, raindrops are
responsible for dispersion of sunlight.

Dispersion takes place because the refractive index of a material such as glass or water, is
different for different colours. It is maximum for violet colour and minimum for red colour. Hence,
in the spectrum of white light (sunlight) obtained with a prism, violet light is deviated the most
while red light is deviated the least. The deviation of light corresponding to other colours lies in
between.

Give scientific reasons:
Question 1.

A coin kept in a bowl is not visible when seen from one side. But, when water is poured
in the bowl, the coin becomes visible.

Answer:

(1) When the bowl is empty, the rays of light coming from the coin are obstructed by the side of
the bowl, and hence the coin is not visible when seen from one side of the bowl.
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The coin becomes visible when water is
poured in the bowl (schematic diagram)

(2) When water is poured in the bowl, the rays of light coming from the coin travel from water
(denser medium) to air (rarer medium). Hence, they bend away from the normal on refraction.
Therefore, the coin appears to be raised and becomes visible when observed from one side of
the bowl.

Question 2.
A pencil dipped in water obliquely appears bent at the surface of water.
(OR)

When a pencil is partly immersed in water and held in a slanting position, it appears to be
bent at the boundary separating water and air.

Answer:

(1) When a pencil is partly immersed in water and held in a slanting position, the rays of light
coming from the immersed part of the pencil emerge from water (a denser medium) and enter
air (a rarer medium). During this propagation, they bend away from the normal on refraction.
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Pencil

. |
—— Water |

The pencil appearing bent at the boundary of water and air (schematic diagram)

(2) As a result, the immersed part of the pencil does not appear straight with respect to the part
outside the water, but appears to be raised. Hence, a pencil dipped obliquely in water appears
bent at the surface of the water.

Question 3.

The shadow of the edge of an empty vessel is formed due to the slanting rays of the sun.
When water is poured in the vessel, the shadow is shifted.

Answer:

(1) When the slanting rays of the sun are obstructed by the edge of the empty vessel, the
shadow of the edge is formed.
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=~ Water

- b r

{a) Before pouring water (b} After pouring water

Shadow of the edge of the vessel
{(schematic diagram)

(2) When water is poured in the vessel, the slanting rays of the sun travel from air (rarer
medium) to water (denser medium). During this propagation, they bend towards the normal on
refraction. Hence, some part in the region of the shadow is now illuminated and the shadow
appears to have shifted.

Question 4.
The bottom of a pond appears raised.
Answer:

(1) The rays of light coming from the bottom of a pond bend away from the normal as they travel
from water (denser medium) to air (rarer medium).
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The bottom of a pond appears raised
(schematic diagram)

(2) Hence, they appear to come from a point above the actual point from which they come.
Therefore, the bottom of the pond appears raised.

Question 5.

While shooting a fish in a lake, the gun is aimed below the apparent position of the fish.
Answer:

(1) The rays of light coming from the fish bend away from the normal as they travel from water
(denser medium) to air (rarer medium).

(2) Hence, the position of the fish in water appears to be above lIts real position. Therefore,
while shooting a fish in a lake, the gun is aimed below the apparent position of the fish.
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A fish in water (schematic diagram)

Question 6.

The sun is seen on the horizon a little before sunrise.

(OR)

The sun is seen on the horizon for sometime even after sunset.
Answer:

(1) The earth is surrounded by an atmosphere which is denser near the surface of the earth.
When the rays of light from the sun enter the earth’s atmosphere from outer space, they travel
from a rarer medium to a denser medium. Hence, they bend towards the normal on refraction.

(2) Hence, even when the sun is below the horizon while rising or setting, its rays reach us due
to refraction and it appears to be on the horizon. Therefore, the sun is seen on the horizon a
little before sunrise as well as for some time even after sunset.

Distinguish between:
Question 1.
Reflection of light and Refraction of light:

Answer:

ter-6-refraction-of-light/
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Reflection of light

1. The rays of light, before
and after reflection, travel in
the same medium.

2. In reflection, the angle of
incidence and the angle of
reflection are equal.

3. In reflection, there is no
change in the speed and
wavelength of light.

4. In reflection, there is no
dispersion of light.

@II 1 WGl GG

Refraction of light

1. In refraction of light, the rays travel from one
medium to another medium.

2. In refraction, when the rays travel obliquely
from one medium to another medium, the angle
of incidence and the angle of refraction are not
equal.

3. In refraction, there occurs a change in the
speed and wavelength of light.

4. Generally, in refraction, there occurs
dispersion of light.

[Note: The frequency of light remains the same in reflection and refraction.]

Complete the following or Solve and fill in the blanks :

Question 1.

Speed of light in the
second medium (v,)

Speed of light in the
first medium (v;)

Refractive index ,n; Refractive index ,n;

3 x108m/s 1.2 x 108 m/s
2.25x 108 m/s 4/3
2x10%m/s 15
Answer:
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Speed of light in the

Speed of I|ght in the second medium (Vz)
first medium (v,)

3x108m/s 1.2 x 108 m/s
3x108m/s 2.25 x 108 m/s
2 x 108 m/s 3x108m/s
Formulae:

2Ny = V4V, 1Ny = VoIV,
Solve the following examples/numerical problems:
c=3x10%m/s

Problem 1.

Refractive
index ,n;

25
4/3

2/3

Refractive
index ,n,

0.4
0.75

1.5

The speed of light in a transparent medium is 2.4 x 108 m/s. Calculate the absolute refractive

index of the medium.
Solution:
Data: ¢ = 3 x 10% m/s,

v=24x108m/s,n="?

_C_ 3x10°m/s
v 24%10°m/s
24 924 4

The absolute refractive index of the medium = 1.25.

Problem 2.
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The velocity of light in a medium is 2 x 10® m/s. What is the refractive index of the medium with
respect to air, if the velocity of light in air is 3 x 108 m/s?

Solution:

Data: v, =3 x 10® m/s,

v, =2 %108 m/s, ,n; = ?

ony =viv2

=3%1082x108

=15

The refractive index of the medium with respect to air is 1.5.
Problem 3.

Light travels with a velocity 1.5 x 10® m/s in a medium. On entering second medium its velocity
becomes 0.75 x 10 m/s. What is the refractive index of the second medium with respect to the
first medium? (Practice Activity Sheet — 3)

Solution:

Given: Velocity of light in the first medium = v, = 1.5 x 108 m/s,

velocity of light in the second medium = v, = 0.75 x 10® m/s,

refractive index of the second medium with respect to the first medium = ,n, = ?

ony =viv2

ony = 1.5%1080.75%x108 = 2

Hence, the refractive index of the second medium with respect to the first medium is 2.

[Note : The absolute refractive index of the second medium = 3x108m/s0.75x108m/s = 4
(greater than that of diamond, not likely).]

Problem 4.
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The refractive index of water is 4/3 and the speed of light in air is 3 x 108 m/s. Find the speed of
light in water.

Solution:

Data: ,n, =4/3, v, =3 x 108 m/s, v, = ?

Vg 2x10°m/s

1) whg =—=
1) whg v 2.2 x 108 m/s
=2 L 0.909 (approximately)
22 11

The speed of light in water = 2.25 x 108 m/s.
Problem 5.

The speed of light in water and glass is 2.2 x 108 m/s and 2 x 108 m/s respectively. What is the
refractive index of (i) water with respect to glass (ii) glass with respect to water?

Solution:
Data: u, = 2.2 x 108 m/s,

- 8 - -
Vg=2x10°m/s, ,ng="?, 40, =7

Vg 2x10°m/s

1) ofly = =
D) whg vy 2.2 x108m/s
= E. — 1 = 0.909 (approximately)
22 1.1

The refractive index of water with respect to glass = 0.909 (approximately).

Uy 2.2 x 108 m/s
2 x 108 m/s

(i) ghw =
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The refractive index of glass with respect to glass = 1.1 (approximately).
Numerical Problems For Practice:

(Given: C = 3 x 108m/s)

Problem 1.

The speed of light in a transparent medium is 2 x 10® m/s. Find the absolute refractive index of
the medium.

Solution:
1.5
Problem 2

The absolute refractive index of a transparent medium is 5/3. Find the speed of light in the
medium.

Solution:
1.8 x 108 m/s
Problem 3.

The absolute refractive index of a transparent medium is 2.4 and the speed of light in that
medium is 1.25 x 10® m/s. Find the speed of light in air.

Solution:
3x10®m/s
Problem 4.

The speed of light in water is 2.25 x 10 m/s and that in glass is 2 x 102 m/s. Find the refractive
index of (i) the glass with respect to water (ii) water with respect to the glass.

Solution:
(i) 1.125

(i) 0.889 (approximately)
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Problem 5.

If the refractive index of a certain glass with respect to water is 1.25, find the refractive index of
water with respect to the glass.

Solution:
0.8
Problem 6.

If the absolute refractive index of glass is 1.5 and that of water is 43, find the refractive index of
water with respect to glass.

Solution:

89

_x_
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Maharashtra Board Solutions
Class 10 Science (Part 1)

e Chapter 1- Gravitation

e Chapter 2- Periodic Classification of Elements

e Chapter 3- Chemical Reactions and Equations
e Chapter 4- Effects of Electric Current

e Chapter 5- Heat

e Chapter 6- Refraction of Light

e Chapter 7- Lenses

e Chapter 8- Metallurgy
e Chapter 9- Carbon Compounds
e Chapter 10- Space Missions

@‘II IV dl GG


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-1-gravitation/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-2-periodic-classification-of-elements/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-3-chemical-reactions-and-equations/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-4-effects-of-electric-current/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-5-heat/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-6-refraction-of-light/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-7-lenses/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-8-metallurgy/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-9-carbon-compounds/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-10-space-missions/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-6-refraction-of-light/
https://www.indcareer.com/schools/maharashtra-board-solutions-for-class-10-science-part-1-chapter-6-refraction-of-light/

@ll 194 il Wi

About About Maharashtra State Board
(MSBSHSE)

The Maharashtra State Board of Secondary and Higher Secondary
Education or MSBSHSE (Marathi: #gRISE Tod ATEI A 371701 3=
AT A RAET0T AS®), is an autonomous and statutory body
established in 1965. The board was amended in the year 1977 under
the provisions of the Maharashtra Act No. 41 of 1965.

The Maharashtra State Board of Secondary & Higher Secondary
Education (MSBSHSE), Pune is an independent body of the
Maharashtra Government. There are more than 1.4 million students
that appear in the examination every year. The Maha State Board
conducts the board examination twice a year. This board conducts the
examination for SSC and HSC.

The Maharashtra government established the Maharashtra State
Bureau of Textbook Production and Curriculum Research, also
commonly referred to as Ebalbharati, in 1967 to take up the
responsibility of providing quality textbooks to students from all
classes studying under the Maharashtra State Board. MSBHSE
prepares and updates the curriculum to provide holistic development
for students. It is designed to tackle the difficulty in understanding the
concepts with simple language with simple illustrations. Every year
around 10 lakh students are enrolled in schools that are affiliated with
the Maharashtra State Board.
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FAQs
Where do I get the Maharashtra State Board Books PDF For free download?

You can download the Maharashtra State Board Books from the eBalbharti

official website, i.e. cart.ebalbharati.in or from this article.
Add image

How to Download Maharashtra State Board Books?

Students can get the Maharashtra Books for primary, secondary, and senior
secondary classes from here. You can view or download the Maharashtra
State Board Books from this page or from the official website for free of
cost. Students can follow the detailed steps below to visit the official website
and download the e-books for all subjects or a specific subject in different
mediums.

Step 1: Visit the official website ebalbharati.in

Step 2: On the top of the screen, select "Download PDF textbooks"

Step 3: From the "Classes" section, select your class.

Step 4: From "Medium", select the medium suitable to you.

Step 5: All Maharashtra board books for class 11th will now be displayed on
the right side.

Step 6: Click on the "Download" option to download the PDF book.

Who developed the Maharashtra State board books?

As of now, the MSCERT and Balbharti are responsible for the syllabus and
textbooks of Classes 1 to 8, while Classes 9 and 10 are under the
Maharashtra State Board of Secondary and Higher Secondary Education
(MSBSHSE).

How many state boards are there in Maharashtra?

The Maharashtra State Board of Secondary & Higher Secondary Education,
conducts the HSC and SSC Examinations in the state of Maharashtra
through its nine Divisional Boards located at Pune, Mumbai, Aurangabad,
Nasik, Kolhapur, Amravati, Latur, Nagpur and Ratnagiri.
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About IndCareer

IndCareer.com is a leading developer of online career guidance resources for the Indian
marketplace. Established in 2007, IndCareer.com is currently used by over thousands of
institutions across India, including schools, employment agencies, libraries, colleges
and universities.

IndCareer.com is designed to assist you in making the right career decision - a decision
that meets your unique interests and personality.

For any clarifications or questions you can write to info@indcareer.com
Postal Address

IndCareer.com
52, Shilpa Nagar,
Somalwada
Nagpur - 440015

Maharashtra, India

WhatsApp: +91 9561 204 888

Website: https://www.indcareer.com
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