Synopsis

WAVE THEORY OF LIGHT

10.1 PROPERTIES OF LIGHT ACCORDING TO DIFFERENT THEORIESOF LIGHT :

St Phenomena Theory

No Corpuscular Wave E.M. wave Quantum Dual

1 Rectilinear Yes Yes Yes Yes Yes
Propagation

2 Reflection Yes Yes Yes Yes Yes

3 Refraction Yes Yes Yes Yes Yes

4 Interference No Yes Yes No Yes

5 Diffraction No Yes Yes No Yes

6 Polarisation No Yes Yes No Yes

7 Double refraction No Yes Yes No Yes

8 Photoelectric No No No Yes Yes
effect

9 | Compton Effect No No No Yes Yes

10 | Raman Effect No No No Yes Yes

10.2 CONCEPT’S RELATED TO LIGHT :

i.  Diffraction : The bending of light rays

around the edges of an obstacle or
is called as diffraction. This
phenomenon was discovere by Grimaladi.

aperture

ii. Double refraction : When a beam of light
is incident on certain materials, it breaks
into two plane polarised beams with their
plane of polarisation perpendicular to each

other.

velocities in the medium. This phenomenon

is called as double refraction.

Polarisation :

The two beams have different

The phenomenon of

restricting the vibrations of particles of
light during transverse wave motion to a
single plane is called as polarisation of light.

)]

iv.

vi.

Interference of light : The phenomenon
of producing alternate points of
maximum and minimum intensity due to
the superposition of two light waves is
called as interference of light.

Compton effect : The phenomenon
according to which the wavelength of
radiation scattered by an element is
greater than that of the original radiation
is called as Compton effect.

Raman effect : When monochromatic
light is allowed to pass through a
transparent medium it gets scattered and
the scattered light contains original
wavelength as well as lines of larger
wavelength than the original lines. These
lines of larger wavelengths are known
as Raman lines and this effect is known
as Raman effect.
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10.3 REFLECTION OF LIGHT :

10.4

i

ii.

iv.

a. Angle of incidence : The angle made by
incident ray with the normal is angle
of incidence.

c. Angle of glancing : The angle made by
incident ray with the surface is angle
of glancing.

b. Angle of reflection : The angle made by
reflected ray with the normal is angle
of reflection.

The angle of deviation i.e. the deviation
produced in the original direction of
incident ray during reflection is,
8 = 180° - 2i.

When light ray is incident on a surface,
the angle of incidence and the angle of
reflection are zero but angle of deviation
is 180° (light retraces the same path).

Due to the reflection of light, there is no
change in frequency and velocity of light,
but there is change of phase.

The width of incident wavefront is same
as width of reflected wavefront.

REFRACTION OF LIGHT :

i

ii.

1i.

iv.

a. Angle of incidence : The angle made by
incident ray with the normal is angle
of incidence.

b. Angle of refraction : The angle made by
refracted ray with the normal is angle
of rafraction.

c. Angle of glancing : The angle made by
incident ray with the surface is angle
of glancing.

The refractive index for a given pair
remains constant.

The angle of deviation i.e. deviation
produced in the direction of incident ray
of light is,

d=i-r

For normal incidence, i = 0 so that r = 0
and & = 0.

10.5

10.6

ABSOLUTE REFRACTIVE INDEX :

i.  Refractive index (u) of a medium w.r.t.
vacuum is known as absolute
refractive index.

ii.  For all practical purpose, we choose air
as a reference medium, rather than
vacuum. This does not involve much
error because R.I. of air w.r.t. vaccum is
very close to 1. In the visible region,
vacuum u air = 1.00029

iii. Thus, velocity of lightin vacuum = velocity

of light in air

_ Velocity of lightin air
H= Velocity of lightin a given medium

RELATIVE REFRACTIVE INDEX :

i.  The refractive index of medium (2) w.r.t.
medium (1) is,
sini v, A By

l"l’ = R = —_— = =
1 sinr vV, A, 1221

ii. If the ray of light passes from rarer
medium to denser medium then its
velocity and wavelength decreases.

iii. Due to refraction of light their is no
change in frequency of light.

iv. Refractive index is inversely proportional
to wavelength of light.

v. Refractive index is maximum for violet
colour and minimum for red colour.

vi. Refractive index depends on temperature

vii. If d is the distance travelled in a medium of
refractive index o, equivalent distance in
airis ud.

vili. Width of incident and refracted plane
wavefront.

Incident beam width ~ cosi
Refracted beam width ~ cosr

ix. The width of refracted wavefront is
greater than width of incident wavefront,
when r < i.
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10.7

x.  Distances travelled by light in two media
during same time : If d, and d, are
distances travelled by light in two media
of RIp, and p, in same time,

w4

H, d,

xi. Time taken by light to travel in a given
medium:

a. If ‘¢’ is the velocity of light in air or
vacuum, the time taken ‘t’ by light to
travel a medium of thickness ‘d’” and
refractive index p is,

b. Iflight takes a time of t, and t, to travel
two different media of same
thickness ‘d” and refractive indices p,
and p, then

c \m-m
TOTAL INTERNAL REFLECTION :
1. Only when light travels from denser to rarer

ii. Wheni=i_ (Critical Angle) then r = 90°

iii. Wheni> i_, total internal reflection takes
place

iv. For Critical Angle i .

1

sini,

a. p =

b. i_ depends directly on wavelength
c. i depends on medium
d. i_ depends on temperature

v. Application/Phenomenon based on TIR
a. Rainbow
b. Sparkling of Diamond
c. Mirages in desert

d. Transfer of information using optical
tibres.

10.8 SCATTERING :

Scattering of light is splitting up of original

wave into many secondary wave’s when

destructed by tiny particles, Scattering ax—14 .

Scattering is maximum for violet and minimum

for red.

10.9 PLANE POLARISED LIGHT (LINEARLY

iv.

POLARISED) WAVE :

It is the light wave where vibrations can
take place only in one plane passing
through the direction of propagation.

It can be obtained by
a. reflection

b. scattering

c. tourmaline

d. nicol prism

e. polaroids

Sound waves in air cannot be polarised
because they are longitudinal waves.

Eye cannot distinguish polarised light
from the unpolarised light.

The radio waves used for transmission
of signals are generally polarised.

10.10 BREWSTER’S LAW :

i

Refractive index (p) of transparent
medium is equal to the tangent of
polarising angle (i ).

Reflected and refracted rays are
perpendicular to each other at polarising
angle.

Polarising angle depends upon nature of
the medium in contact and the colour of
light.
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Unpolarised 32.4°

10.11 PLANE POLARISATION BY SCATTERING:

When light falls on atoms or molecules, the
electrons absorb the incident light and
reradiate it in all directions. Such process is
known as scattering. The scattered light in the
directions perpendicular to the direction of
incident light is completely polarised while
transmitted light is unpolarised.

10.12 PLANE POLARISATION BY REFRACTION

(PILE OF PLATES) :

i.  In this method ordinary light is made to
fall on a pile of glass plates (by taking a
certain number of microscope slides) at
polarising angle. Reflected perpendicular
to the plane of incidence and the refracted
light will be partially polarised.

Reflected

Transmited

ii. The refracted light is richer in vibrations
in the plane of incidence after passing
through each plate. Finally the beam
coming out from the pile of plates will be
completely plane polarised.

10.13 REFLECTION OF PRISM :

. A+8 = 1+ e
i. A = r,+71,
(A+8m)
sin
2
i. = A

10.14

10.15

10.16

DOPPLER’S SHIFT :

The Doppler’s shift for light is given by

AL = —A

where u is the speed of the source or the
observer, ¢ is the speed of light and A is the
original wavelength.

The wavelength increases when the source
and the listener go away from each other. It
is called red shift. The wavelength decreases
when the source and the listener approach
each other. It is called blue shift.

INTENSITY OF LIGHT :

The average light energy crossing per unit
area per second, is called intensity of light (I).

It is given by :

MALUS LAW :

If I, be the intensity of the polarised light
incident on the analyser and 0 be the angle
between the transmission axes of the polariser
and analyser, then the intensity of the light
transmitted through the analyser is given by :

I = I, cos’®

If 1. be the intensity of the unpolarised light
incident on the polariser and I be the intensity
of the light transmitted through the analyser,
then :

I = 1icosze
2
L
Here, I, = E
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CLASS WORK
Multiple Choice Questions

10.1 Huygen’s WTL, Huygen’s principle and

(1)

(2)

3)

4)

(5)

(6)

construction, Theories of light :

According to Huygen’s wave theory, different
colours of light are due to

(a) different wavelengths of light waves

(b) different frequencies of light waves

(c) different amplitudes of light waves

(d) none of these

An isotropic medium is that in which

(a) speed of light changes

(b) speed of light remains constant

(c) direction of propagation of light changes
(d) wavelength of light changes

A point source of light placed at the focus of
convex lens then the incident wavefront is :

(a) Plane and emergent will be spherical

(b) Spherical and emergent will be plane

(c) Cylindrical and emergent will be spherical
(d) Spherical and emergent will be spherical.

In which of the following cases do we obtain a
spherical wavefront ?

(a) Sunlight focused by a convex lens
(b) Light diverging from a straight slit
(c) Light of the sun reaching the earth

(d) A parallel beam of light reflected from a plane
mirror.

While entering into rarer medium from denser at
incident angle equal to critical angle, the angle of
refraction is

(a) Zero (b) 180° (c) 45° (d) 90°

Time taken by sunlight to penetrate 2 mm in a
glass slab is of the order of (n = 1.5)

(a) 107 sec (b) 107 sec

(c) 10 sec (d) 107 sec

)

(®)

9

(10)

(11)

The wavelength of light in air is 5000 A.U. The

number of waves in 50 cm of air is
(a) 10° waves (b) 10°¢ waves
(c) 57 10°% waves (d) 0.5 10 waves

A spherical wavefront propagating in a medium
changes into

(a) a circular wavefront
(b) a plane wavefront

(c) an elliptical wavefront
(d) a cylindrical wavefront

A ray of light travels from A to B, where the
geometrical distance AB = 8 cm in air.

It passes through two transparent media having
n, = 1.5 and n, = 1.75 as shown in the figure.

What is the optical path between A and B ?

n=15

Ae |_| e B

2 cm

n,=1.75

1cm

€————8m —8>

(a) 8cm () 5em  (¢) 10cm (d) 15cm

The optical path of a monochromatic light is the
same if it travels through 4 cm of glass or 4.5 cm
of water. If the refractive index of glass is 1.5,

then the refractive index of water is
(a) 1.2 (b) 1.33 (c) 1.42 (d) 1.46

According to Newton’s corpuscular theory of
light, the corpuscles are

(a) heavy mass particles
(b) quanta
(c) material particles

(d) photons



(a)

(b)
(c)
(d)

(a)

(b)

(c)

(d)

(b)

(d)

(a)
(b)
(c)
(d)

(21)

(22)

(a) (b)
(c) (d)
(@) — — (0 Y -
(a)
(b) X
X
(d) X
(a) (b)
(c) (d)
(a) (c) d) 1.6

A glass slab of thickness t and refractive index p.
Calculate the time taken by light to travel this
thickness

tc

te 1 ut
@ e © - @ o @5

If the polarising angle for a given medium is 60°,
then the refractive index of the medium is

1
@ 5 1 @ s



