_ MEDICAL
FOUNDATION

12.

13.

14.

JEE

WAVE FRONT AND HUYGEN'S PRINCIPLE

Define the term “wavefront”,

Sketch the refracted wavefront emerging from a convex
lens if a plane wavefront is incident normally on t.

A plane wavefront is incident normally on a convex lens.
Sketch the refracted wavefront.

Sketch the wavefront of converging rays of light.
Sketch the wavefront of diverging rays of light.

Sketch the wavefront of rays coming from a distant source
of light.

State Huygen's principle.

What is the phase difference between any two particles on
a wavefront?

Do the frequency and wavelength change when light passes
from rarer to denser medium?

. What happens to the frequency when light travels from

one medium to another?

Light of wavelength 6000A in air enters a medium of
refractive index 1.5 what will be its frequency in the
medium?

When light undergoes refraction, what happens to its
frequency?

When light undergoes refraction at the surface of separation
of two media, what happens to its wavelength?

What is the geometrical shape of the wavefront in each of
the following cases ;

{a} Light diverging from a point source.

{b) The portion of the wavefront of light from a distant
star intercepted by the Earth.

A beam of parallel rays

Rays of light obtained by & linear souree (such as a
slit) illuminated by another source behind it,

When a plane wave passes through a convex lens?

fe)
(d)

(e)
i
(g)

When a plane wave passes through a concave lens?
When a plane wave passes through a glass prism?

When monochromatic light is incident on a surface
separating two media, the reflected and refracted light
both have the same frequency as the incident frequency
Why?

rLADA

Place of Learning and Scientific Mental Aptitude

WAVE OPTICS

Ih.

17.

19.

20.

21.

I8.

29,
30.

3.

When light travels from a rarer to a denser medium., it loses
some speed. Docs the reduction in speed imply a reduction
in the energy carried by the light wave?

What type of wavefront will emerge from a (i) point souree,
and (1ii) distant light source?

Draw a diagram 1o show refraction of a plane wave front
incident in o convex lens and hence draw the refracted
wivelront.

Differentiate between a ray and 8 wavefront,

INTERFERENCE

State the conditions which must be satisfied for two light
sources to be coherent

Two identical coherent waves, each of intensity /, are
producing an interference pattern. Write the value of the
resultant intensity at a point (i) constructive interference
and (ii} destructive inte-ference.

State the path difference between two waves for destructive
interference

Give one basic difference between interference and
diffraction

Sketch the variation of intensity of the interference pattern
in Young's double slit experiment.

- State the path difference between two waves for constructive

interference.
Two imdependent sources of light cannot be coherent, Why?

- Aregion is illuminated by two sources of light. The intensity

{at each point is found to be equal to I, = 1, where [,
is the intensity of light at the point when source 2 is absent
and [, when source | is absent. Are sources coherent or
imcoherent? Explain,

How would the angular separation of interference fringes in
Young's double slit experiment change when the distance
between the slits and screen is doubled?

Define the term angular separation.

How does the fringe width, in Young’s double-slit
experiment, change when the distance of separation between
the slits and screen is doubled?

DIFFRACTION

How does the fringe width of interference fringes change,
when the whole apparatus of Young's experiment is kept
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32.

e

a5

6.

3.

38,

39.

How does the angular separation of interference fringes
change, in Young's experiment
{a) If the distance between the slits 15 increased

(b) If the separation between the slits and the screen is
doubled?

State the condition for diffraction of light 10 occur?

. Yellow light is used in a single slit diffraction experiment

with slit width of 0.6 mm. If yellow light is replaced by
x-rays, how will the diffraction pattern be affected?
What is the condition for first minimum in case of diffraction
due 10 a single sht?

What is the condition for first secondary maximum in case
of diffraction due to a single slit?

Estimate the distance for which ray optics is good
approximation for an aperture of 4 mm and wavelength
400 nm.

A parallel beam of monochromaric light falls normally on
a single narrow slit. How does the angular width of the
central maximum in the resulting diffraction pattern, depend
on the wavelength of the incident light?

How does the angular separation between fringes in single-
slit diffraction experiment change when the distance of
separation between the slit and screen is doubled.

In a single-slit diffraction experiment, the width of the slit

iz made double the original width. How does this affect

the size and intensity of the central diffraction band ?
B POLARISATION

What is plane polarised light?

What evidence is there to show that sound is not

electromagnetic in nature?

State Brewster's law.

What is polarising angle of medium of refractive index
V32

The polarising angle of a medium is 60°. What is the
refractive index of the medium?

What is the value of refractive index of a medium of
polarising angle 60°7

What is the polarising angle of a medium of refractive
index 1.732%

Draw a graph showing the variation of intensity of polarised
light transmitted by an analyser.

49,

55,

56.

4‘l

A partially plane polarised beam of light is passed through
a polaroid. Show graphically the variation of the transmitted
light intensity with angle of rotation of the polaroid.

At what angle of incidence should a light beam strike a
glass slab of refractive index J3, such that the reflected
and the refracted rays are perpendicular to each other?

. Therefractive index of a medium is 3, What is the angle

of refraction. 1f the unpolarised light is ineident on it. at
the polarising angle of the medium?

Ifthe angle bevween the planes ol the polanser and analyser
is 60°, by what factor does the intensity of transmitted light
change when passing through the analyser?

Name the wave phenomenon which is exhibited by light
but not by sound waves.

If the angle between the pass axis of polarizer and the analyser
is 457, write the ratio of the intensities of original light and
the transmitted light afier passing through the analyser,
Unpolarized light is incident on a plane surface of glass of
refractive index p at angle i, 1f the reflected light pets totally
polarized, write the relation between the angle  and refractive
index pt.

Which of the following waves can be polarized (1) Heat
waves (i1) Sound waves? Give reason to support your
ANSWEr.

WAVEFRONT AND HUYGEN'S PRINCIPLE

(a) State the postulates of Huygen's wave theory.
(b) Draw the type of wavefront that corresponds 10 a
beam of light
(1) Coming from a very far off source and
{11) diverging from a point source.
State Huygen's postulates of wave theory. Sketch the
wavefront emerging from a (i) point source of light
(i1} linear source of light like a slit.
Deduce laws of reflection on the basis of Huygen's
principle.
Deduce the laws of refraction on the basis of Huygen's
Principle.
State Huygen’s principle. Use it to describe reflection of
a parallel beam of light from a plane mirror and prove that
angle of incidence is equal to angle of reflection.

Verify Snell's law of refraction using Huygen's wave theory.
State the postulates of Huygen's wave theory. Draw the
geometrical shape of the wave form in the following cases:

(i) light emerging from a point source, and
{ii}) when the light source is emitting parallel rays.
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10,

11.

12.

13i

14.

15.

16.

17.

18

What is a wavefront? Distinguish between a plane wavefront
and a spherical wavefront. Explain with the help of a
diagram the refraction of a plane wavefront at a plane
surface using Huygen's construction,
What is a wavefront? What is the geometrical shape of a
wavefront of light emerging out of a convex lens, when
point source is placed at its focus? Using Huvgen's principle
show that, for a parallel beam incident on a reflecting
surface, the angle of reflection is equal to the angle of
incidence,

Monochromatic light of wavelength 589 nm is incident

from air on a water surface. What are the wavelengths,

frequency and speed of {a) reflected and (b) refracted

light, (p of water = 1,33}

(a) The refractive index of glass is 1.5. What is the speed
of light in glass? (Speed of light in vacuum is
3.0 = 10° m's)

{b) lsthe speed of light in glass independent of the colour
of light? If not, which of the two colours red and
violet travels slower in a glass prism?

H [INTERFERENCE

Derive the expression for the fringe width in Young's

double shit interference experiment.

What is meant by coherent sources of light? Can two
identical and independent sodium lamps act as coherent
sources? Give reason for your answer.

What are co-herent sources of light? Why no interference
pattern is observed when two coherent sources are

(i) infinitely close to each other?

(i) far apart from each other?

State the conditions for obtaining sustained interference of
light from different sources. The ratio of intensities of
maxima and minima in an interference pattern is found 10
be 25:9, Calculate the ratio of light intensitics of the sources
producing this pattern,

Draw the curve depicting variation of intensity in the
interference pattern in Young's double slit experiment.
State conditions for obtaining sustained interference pattern
of light.

What is the effect on the interference patiern observed in
a Young's double slit experiment in the following cases;
(1) Screen is moved away from the plane of slits.

(ii) Sepazration between the slits is increased.

{iti) Widths of the slits are doubled.

Ciive reasons for your answer.

What are coherent sources of light? Deduce an expression
for the intensity at any point on the screen in Young's
double slit experiment.

19,

20.

L

11,

23.

24,

15.

27,

I8.

In a double slit interference experiment, the two coherent
beams have slightly different intensities f and [ + &/
{8 << f). Show that the resultant intensity at the maxima
al)’*

4l
Two sources of intensity /, and I, unddergo interference
in Young's double slit experiment. Show that

is nearly 41 while that at the minima is nearly

il

_|:

Toan _ | & FEy

f [ & — iy J
where a, and a, are the amplitudes of disturbance for two
sources S, and §,.
State two conditions for sustained interference of light o
occur, Two coherent sources of light have their intensities
in the ratio 4:9. Calculate the ratio of the intensity of
maxima and minima of the interference pattern,
Two coherent sources whose intensity ratio is §1: 1, produce
interference fringes. Calculate the ratio of intensity of
maxima and minima in the fringes system,
What is the effect on the interference fringes in Young's
double slit experiment due to each of the following
operations. Give reason for your answer :
(1) Separation between two slits is increased
{il) Monochromatic source is replaced by a source of

white light.

{iif} One of the slits is closed

What is the effect of slit width and wavelength of the light

source on fringe width of the fringes formed in Young's

double slit experiment?

What changes in interference pattern young's double slit

experiment will be observed when

(i} distance between the slits is reduced?|

{ii) if apparatus is immersed in water?

What will be the effect on the interference fringes in a

Young's double slit experiment, if

(i} Monochromatic sources is replaced by a source of
white light

{ii) The screen is moved away from the slit? Justify your
aAnSWer.

What are coherent sources of light”? Draw the variation of

intensity with position, in the interference pattern of Young's

double shit experiment.

min

Two slits in Young's double slit experiment are illuminated
by two different lamps emitting light of the same
wavelength. Will you observe the interference pattern?
Justify vour answer.

Find the ratio of intensities a1 two points on a screen in
Young's double slit experiment, when waves from the two
slits have path difference of (i) 0 (i) A/4.
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29.

0.

il

a1

13

4.

3s.

36.

3B,

39,

Consider interference between two sources of intensities
[ and 4/ Obiain intensity at a8 point where the phase
difference is m/'2.

Find the ratio of intensities of two points P and {0 on screen
in Young's double slit experiment when waves from sources
§, and 5, have phase difference of (i) 0° and (ii) m2
respectively,

Find the ratio of intensities of two points P and Q on a
screen in Young's double slit experiment when waves from
sources §, and 52 have phase difference of (i} n/3 and (1i)
w2 respectively,

In a Young's experiment the slits are 1.5 m from the screen.
The width of the fringes observed with light of the
wavelength 6000 A is 1.0 mm. What is the separation of
the slits?

In Young's double slit experiment, the slits are separated
by 0.24 mm. The screen is 1.2 m away from the slits, The
fringe width is 0.3 cm. Calculate the wavelength of light
used in the experiment.

The two slits in Young's double slit experiment are separated
by & distance of 0.03 mm. An interference patiern is
produced on a screen 1.5 m away. The 4" bright fringe is
at a distance of 1 ¢m from the central maximum. Caleulate
the wavelength of light used.

In Young's double slit experiment, while using a source of
light of wavelength 5000 A, the fringe width obtained is
0.6 em. If the distance between the slits and the screen is
reduced to half, calculate the new fringe width.

Laser light of wavelength 660 nm incident on a pair of shits
produces an interference pattern in which the bright fringes
are separated by 7.8 mm. A second light produce an
interference pattern in which the fringes are separated by
6.5 mm. Calculate the wavelength of the second light
What are coherent sources of light? In Young's double slit
experiment. two slits are separated by 3 mm distance and
illuminated by light of wavelength wavelenpth
480 nm. The screen is at 2 m from the plane of the slits,
Calculate the separation between the 8% bright fringe and
the 3" dark fringe observed with respect to the central
bright fringe.

What is meant by interference of lighi? In a double slit
experiment with monochromatic light, fringes are obtained
on a sereen placed at some distance from the slits. [f the
screen is moved by 5 = 107 m towards the slits, the change
in fringe width is 3 = 1073 m, If distance between the slits
is 10 m calculate the wavelength of light used.

Why is interference pattern not detected, when two coherent
sources are far apart? In Young's experiment, the width of
the fringes obtained with light of wavelength 6000 A is

41.

42,

44.

45,

2.0 mm. Calculate the fringe width if the entire apparatus
15 immersed in a liquid medium of refractive index [.33
State rwo conditions o obiain sustained imerference of
lughr.

InYoung's double slit experiment. using light of wavelength
404 nm. interference fringes of width *X" are obtained. The
wavelength of light is increased 1w 600 nm and the
separation between the slits is halved. If one wanis the
observed fringe width on the screen to be the same in the
twio cases, find the ratio of the distance between the screen
and the plane of the interfering sources 1n the two
arrangements.

In a Young's double slit experiment, the two slits are kept
gt 2 mm apart and the screen is positioned 140 cm away
from the plane of the slits. The slits are illuminated with
light of wavelength 600 nm. Find the distance of the third
bright fringe, from the central maximum, in the interference
pattern oblained on the screen. If the wavelength of the
incident light were changed to 480 nm, find out the shift
in the position of third bright fringe from the central
maximum.

Ina Young's double slit experiment, the slits are separated
by 0.24 mm and the screen is kept 160 cm away from the
slits. [fthe fringe width is measured to be 0.4 cm, calculate
the wavelength of light used in experiment. What would
be the new value of the 'fringe width’, if for the same set
up, and for the same wavelength of light, the screen is
moved ‘inward’ i.e., towards the shits, by 40 cm?

In Young's double slit experiment, monochromatic light of
wavelength 630 nm illuminates the pair of slits and produces
an interference pattern in which two consecutive bright fringes
are separated by 8.1 mm. Another source of monochromatic
light produces the interference pattern in which the two
conseculive bright fringes are separated by 7.2 mm. Find the
wavelength of light from the second source,

What is the effect on the interference fringes if the
monochromatic source is replaced by a source of white light?

In Young's double slit experiment, the two slits 0.15 mm
apart are illuminated by monochromatic light of wavelength
450 nm. The screen is 1.0 m away from the slits,

{a) Find the distance of the second (i) bright fringe. (ii}
dark fringe from the central maximum,

How will the fringe pattern change if the screen is
moved away from the slits?

(b}

Describe Young's double slit experiment 1o produce
interference pattern due 1o a monochromatic source of
light. Deduce the expression for the fringe width
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46.

47.

S2.

53.

55.

56.

57.

For a single slit of width ‘a", the first minimum of the
interference pattern of a monochromatic light of wavelength

A LA
A occurs at an angle of — . At the same angle of — | we
i a

get a maximuim for two narrow shits separated by a distance
‘u’. Explain,
E DIFFRACTION

A slit of width “a” 15 illuminated by monochromatic light
at normal incidence, Draw the intensity distribution curve
observed on screen due to diffraction.

Explain, using Huygen's principle. how diffraction 15
produced by a narrow slit which 15 illuminated by a
monochromatic light

Show that central maximum is twice as wide as the other
maxima and the pattern becomes narrower as the width of
the shit is increased,

Give two differences between fringes formed in single slit
diffraction and Young double slit experiment.
Distinguish between interference and diffraction.

Derive an expression for the width of the central maxima
for diffraction of light at a single slit. How does this width
change with increase in width of the slit?

Derive an expression for the angular width of the central
maximum of the diffraction produced by a single slit
illuminated with monochrematic light,

State the condition of diffraction of light to occur. In the
diffraction at a single slit experiment, how would the width
and the intensity of central maximum change, if

(1) Shit width 1s halved and

{11} Visible light of longer wavelength is used?

State the condition for diffraction of light to occur. In
diffraction at a single slit experiment, how will the width
and intensity of central maximum change, if

(i) the slit width is doubled

(ii) wavelength of light incident on the slit is increased,
In a single slit diffraction experiment, if the width of the
slit 15 doubled, how does the (i} intensity of light and (ii)
width of the central maximum change. Give reason for
YOUr answer.

In a single slit diffraction experiment, the slit width 15
made double that of the original width, What would happen
to the size and intensity of central diffraction band? Give
TEason for your answer.

In a single slit diffraction pattern, how 18 the angular width
of central bright maximum changed. when

59,

61.

62,

63.

(i) the shit width is decreased?

(i) the distance between the shit and the screen is
increased?

(1ii) light of smaller wavelength is used?
Justify vour answer.

Why is diffraction of sound waves easier to observe than
diffraction of light waves? What two main changes in
diffraction pattern of a single slit will you observe when
the monochromatic source of light is replaced by a source
of white light?

How does diffraction limit the resolving power of an optical
instrument”?

Give Huygen's Principle of secondary wavelets. Show
graphically the intensity distribution in a single slii
diffraction pattern.

In a single slit diffraction pattern. how does the angular
width of the central maximum vary, when (i) aperture of
slit is increased, (ii) distance between the slit and screen
is decreased and (1i1) monochromatic visible light of larger
wavelength is used? Justify vour answer in each casc.
How 15 Huyzen's principle used to obtain the diffraction
pattern due to a single slit? Show the plot of variation of
intensity with angle and state the reason for the reduction
in intensity of secondary maxima compared to central
M XM,

Draw the diagram showing intensity distribution of hght
on the screen for diffraction of light at a single slit, How
15 the width of central maxima affected on increasing the
(i} wavelength of light used (i) width of the slit (iii)
monochromatic vellow light is replaced with red light?
What happens 1o the widih of the central maxima if the
whole apparatus is immersed in water and why?

Why is diffraction of sound waves easily observed than
diffraction of light waves? Light of wavelength 600 nm is
incident on a single slit of width 0.5 mm at normal incidence.
Calculate the separation between the dark bands on either
side of the central maximum, if the diffraction pattern is
observed on & screen placed at 2 m from the slir.

State the essential condition for diffraction of light to
occur. The light of wavelength 600 nm is incident normally
on a slit of width 3 mm. Calculate the linear width of
central maximum on a screen kept 3 m away from the slit.
Determine the angular separation between central maximum
and first order maximum of the diffraction pattern due to
a single slit of width 0.25 mm, when light of wavelength
5800A is incident on it normally.
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ia) A slicofwidth a2 is illuminated by light of wavelength
6500A. For what values of *a’ will the
(i) first minimum fall at an angle of diffraction of
3=
(ii) first maximum fall at an angle of diffraction of
3ge?
(b} Why does the intensity of the secondary maximum
become less as compared to central maximum

67.

Light of wavelengths 5 % 10 " m is diffracted by an aperture
of width 2 = 10°* m. For what distance travelled by the
diffracted beam does the spreading due to diffraction
become greater than the width of the aperture?

69. Light of wavelength 600 nm is incident on an aperture of
size 2 mm, Calculate the distance upto which the ray of
light can travel such that its spread is less than the size
of the aperture.

What is diffraction? Calculate the distance a beam of light
of wavelength 500 nm can travel without significant
broadening, if the diffracting aperture is 3 mm wide.

Two narrow slits are illuminated by a single monochromatic
source, Wame the patterns obtained on the screen, One of
the slits is now completely covered. What 15 the name of
the pattern now, obtained on the screen? Draw intensity
patiern obtained in the two cases. Also write two differences
between the patterns obtained in the above two cases

T0.

7.

72. Two towers on top of two hills are 40 km apart. The line
Joining them passes 50 m above a hill half way between
the towers. What is the longest wavelength of radio waves,
which can be sent between the towers without appreciable
diffraction effects?

73. State one feature by which the phenomenon of interference
can be distinguished from that of diffraction. A parallel
beam of light of wavelength 600 nm is incident normally
on & slit of width "', If the distance between the slits and
the screen is (.8 m and the distance of 2™ order maximum
from the centre of the screen is 15 mm. calculate the width
of the slit

T4. Light of wavelength 550 nm is incident as parallel beam
on a slit of width 0.1 mm. Find the angular width and the
linear width of the principal maxima in the resulting
diffraction patiern on a sereen kept at a distance of 1.1 m
from the slit. Which of these widths would not change if
the screen were moved to a distance of 2.2 m from the slit?

75. Monochromatic light, of wavelength A. falling on a slit,
produces a single slit diffraction pattern on a screen kept
at a distance £ from the slit. The distance between the first

Tﬁl

78.

79

g

3]1‘

82,

B4,

minima. on the left, and the first minima, on the right, of
the principal maxima. is found to be v obtain a formula,
for the width of the shit, in terms of v, R and A,

What would be the separation between the first secondary
maxima on the left and the first secondary maxima on the
right of the principle maxima?

In a single shit diffraction experiment, when a uny circular
obstacle is placed in the path of light from a distant source, a
bright spot is seen at the centre of the shadow of the obstacle.
Explain why? State two points of difference between the
interference pattern in Young's double slit experiment and
diffraction pattern due to a single sit.

A parallel beam of light of 500 nm falls on a narrow slit
and the resulting diffraction pattern is observed on a screen
| m away. [t is observed that the first minimum 15 at a
distance of 2.5 mm from the centre of the screen. Calculate
the width o! the shit

{a) Inwh ' wayis diffraction from each slit related to the
interfzrence pattern in a double slit experiment?

(b} Twowavelengths of sodium light 590 nm and 5%6 nm
are used, in turn to study the diffraction taking place
at a single slit of aperture 2 x 10~ m. The distance
between the slit and the screen is 1.5 m. Calculate the
separation between the positions of the first maxima
of the diffraction pattern obtained in the two cases.
A parallel beam of light of 600 nm falls on a narrow slit
and the resulting diffraction pattern is observed on a screen
1.2 m away. It is observed that the first minimum is at a
distance of 3 mm from the centre of the screen. Calculate

the width of the slit,

A parallel beam of light of 450 nm falls on a narrow slit
and the resulting diffraction pattern is observed on a screen
1.5 m away. It i1s observed that the first minimum is a1
a distance of 3 mm from the centre of the screen. Calculate
the width of the slit.
® POLARISATION

Name one device for proeducing polarised light, Draw a
graph showing the dependence of intensity of transmitted
light on the angle between polariser and analyser

How can one distinguish between an unpolarised light
beam and a linearly polarised light beam using a polariod?

. What i1s meant by plane polarised light? What type of

waves show the property of polarisation? Describe a method
for producing a beam of plane polarised light.

Describe an experiment to demonstrate transverse wave
nature of light,
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85. Define the term ‘linearly polarised light’,

When does the intensity of transmitted light become

maximum, when a polaroid sheet is rotated between two

crossed polaroids?

Distinguish between unpoelarised and plane polarised light.

An unpolarised light is incident on the boundary between

two transparent media, State the condition when the

reflected wave is totally plane polarised, Find out the
expression for the angle of incidence in this case,

B7. (a) Light, from a monochromatic source, is made to fall
on a single slit of variable width. In experimentalist
records the following data for the linear width of the
principal maxima on a screen kept at a distance of |
m from the plane of the slit.

5. No. 1 2 3 4 5
Width of theslit | 0.1 mm |D2mm |03 mm [04mm |[0.5mm
Lincar width of the| 6mm |3mm [ 1,98 mm|1.52 mm| 1.2 mm
|principal maxima

Use any two observations from this data to estimate
the value of the wavelength of light used.
(b) Show that the Brewster angle, (ig), for a given pair
of transparent media, is related to their critical angle,
i~ through the relation i = sin”' (cot iy)
What does the statement, “natural light emitied from the
sun is unpolarised” mean in terms of the direction of
electric vector? Explain briefly how plane polarized light
can be produced by reflection at the interface separating
the two media.
What is a polaroid? How is plane polarised light obtained
with its help? How will you use it to distinguish between
unpolarised light and plane polarised light?

89,

90. Define polarising angle. Derive the relation connecting

polarising angle and the refractive index of a medium.

Sketch the graph showing the variation of intensity of
transmitted light on the angle of rotation between a polariser
and analvser. A ray of light is incident at an angle of
incidence i, on the surface of separation between air and
amedium of refractive index p, such that the angle between
the reflected and refracted rays is 90°. Obtain the relation
between i, and p.

1.

92, What is the phenomenon of polarisation? Derive the
relation connecting the polarising angle of a medium and

its refractive index

The refractive index of the denser medium is 1.732
Calculate

(i) the polarising angle of medium

(ii) the angle of refraction,

03,

94. Which of the following waves can be polarised:

{1) X-rays (ii) Sound waves? Give reasons.

Two polaroids are used to study polarisation. One of them
(the polariser) is kept fixed and the other (the analyser)
is initially kept with its axis parallel to the poalriser. The
analyser is then rotated through angles of 45%, 307 and
180" in turn. How would the intensity of light coming out
of analyser be affected for these angles of rotation, as
compared to the initial intensity and why?

The polarisation of a beam of light by reflection, is best
achieved when the reflected and refracted rays are at right
angles to each other. Show that the polarising angle of
incidence is then given by i, = tan™' u.

Which out of the following can be polarized.

X-rays, sound waves and radio-waves? Name one device
for producing polarized light. Draw a graph showing the
dependence of intensity of transmitted light on the angle
between polarizer and analyser.

What is a polaroid? How are these artificially made?

Mention two uses of polaroids. Draw a graph showing the

dependence of intensity of transmitted light on the angle

between polarizer and analyser.

An incident beam of light of intensity /; is made to fall

on a polaroid 4. Another polarcid 8 is so oriented with

respect to 4 that there is no light emerging out of 8. A third

pelaroid C is now introduced mid way between 4 and 8

and is so oriented that its axis biseets the angle between

the axes of 4 and B. What is the intensity of light now
between (i} 4 and C (ii) C and B. Give reasons for your

ANSWETS.

Two polaroids P, and P, are placed at 90° to each other.

Find the transmitted intensity if a third polarmid P, is

placed between P, and P, bisecting the angle between

them,

100. Define the term ‘linearly polarised light”

When does the intensity of transmitted light become
maximum, when a polaroid sheet is rotated between two
crossed polaroids?

101. How does an unpolarised light get polarised when passed

through a polaroid?
Two polaroids are sel in crossed positions, A third polaroid
is placed between the two making an angle 8 with the pass
axis of the first polaroid. Write the expression for the
intensity of light transmitted from the second polaroid. In
what orientations will the transmitted intensity be (i)
minimum and (11) maximum?

102.(a) Describe briefly, with the help of suitable diagram,
how the transverse nature of light can be demonstrated
by the phenomenon of polarization.

{b) When unpolarized light passes from air to transparent
medium, under what condition does the reflected Light

95.

96.

97,

98,

99,
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103.(a) What is linearly polarized light? Describe briefly using

104. (a)

105.(a)

L.

l!

a diagram how sunlight is polarised.

Unpolarised light is incident on a polaroid. How would

the intensity of transmitted light change when the

polaroid is rotated?

Using the phenomenon of polarisation, show how

transverse nature of light can be demonstrated.

(b) Two polaroids P; and P, are placed with their pass
axes perpendicular to each other. Unpolarised light of
intensity /, is incident on P,. A third polaroid P, is
kept in between P, and P, such that its pass axis
makes an angle of 30° with that of P,. Determine the
intensity of light transmitted through P,, P, and P;,

Show, with the help of a diagram, how unpolarised
sunlight gets polarised due to scattering.
Two polaroids Py and P; are placed with their pass

(b)

(b)

axes perpendicular to each other. Unpolarised light of |

intensity Jy is incident on Py. A third polaroid P, is
kept in between P, and P, such that its pass axis
makes an angle of 45° with that of P,. Determine the
intensity of light transmitted through P,, P; and P;.

B WAVEFRONT AND HUYGEN'S PRINCIPLE

(a) How is a wavefront different from a ray? Draw the
geometrical shape of the wavefronts when
(1) light diverges from a point source
(ii) light emerges out of a convex lens when a point

source is placed at its focus.

(b) State Huygen's principle, with the help of a suitable
diagram, prove Snell's law of refraction using
Huygen’s principle.

State Huygen's principle. Using the geometrical

construction of secondary wavelets, explain the refraction

of a plane wavefront incident at a plane surface. Hence

verify Snell’s law of refraction.

Ilustrate with the help of diagram the action of (i) convex

lens and (i1} concave mirror on a plane wavefront incident

on i

State the principle which helps us to determine the shape

of the wavefront at a later time from its given shape at an M

time. Apply this principle to

(i) show that a spherical/plane wavefront continues to
propagate forward as a spherical/plane wavefront.

(ii} derive Snell's law of refraction by drawing the
refracted wavefront corresponding to a plane
wavefront incident on the bounding separating a rarer
medium from a denser medium.

5.

7.

{a) State Huygen's principle. Using this principle draw a
diagram to show how a plane wavefront incident at
the interface of the two media gets refracted when it
propagates from a rarer to a denser medium. Hence
verify Snell's law of refraction,

(b) When monochromatic light travels from a rarer to a
denser medium, explain the following, giving reasons:
(1) Is the frequency of reflected and refracted light

same as the frequency of incident light?
(ii) Does the decrease in speed imply a reduction in
the energy carried by light wave?
B INTERFERENCE

Deduce the conditions of maxima and minima is Young's

double slit experiment and find an expression for the fringe

width,

What are coherent sources of light? State two conditions

for two lic" sources to be coherent. Derive a mathematical

expressic for the width of interference fringes obtained
in Young's double slit experiment with the help of a suitable
diagram,

Derive an expression for the intensity at any point on the

screen in Young's double slit experiment, Using it obtain

the condition of maxima and minima and hence obtain the
ratio of maximum and minimum intensity of fringes on
screem,

(a) In Young's double slit experiment., deduce the

conditions for (i) constructive, and (ii} destructive

interference at a point on the screen. Draw a graph
showing variation of the resultant intensity in the
interference pattern against position ‘X" on the screen.

Compare and contrast the pattern which is seen with

two coherently illuminated narrow slits in Young's

experiment with that seen for a coherently illuminated
single slit producing diffraction.

Figure shows an experiment setup similar to Young's double

slit experiment to observe interference of light.

(b)

| F
5|
Bl aaaaniin } ................... -4

Here 55, - 55, = &/4

Write the condition of (i) constructive, {i1) destructive
interference at any point P in terms of path difference.
A=5P-5§P

Does the central fringe observed in the above setup lie
above or below 07 Give reason in support of your answer.
Yellow light of wavelength 6000A produces fringes of
width 0.8 mm in Young's double slit experiment. What will
be the fringe width if the light source is replaced by anather
monochromatic source of wavelength 7500A and separation
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11.

12,

13.

14.

15.

In Young's experiment, deduce the conditions for the
constructive and destructive interference pattern observed
on the screen by drawing the necessary diagram. Hence
establish the relation between the fringe width, the
wavelength & of the monochromatic source, separation
between the two slits and the distance between the screen
and the plane of the slits. If the set-up were 10 be put up
in @ medium optically denser than air, what effect would
there be on the observed fringe width? Give reason for
YOUr answer.

What are coherent sources of light? Why are coherent
sources required to obtain sustained interference pattern?

State three characteristic features which distinguish the
interference pattern due to two coherently illuminated
sources as compared to that observed in a diffraction pattern
due to a single slit.

What is interference of light? Write two essential conditions
for sustained interference pattern to be produced on the
screen. Draw a graph showing the variation of intensity
versus the position on the screen in Young's experiment
when
{a} both the slits are opened and
{b) one of the slits is closed.
What is the effect on the interference pattern in Young's
double slit experiment when:
(i) Secreen is moved closer to the plane of slits?
(i) Separation between two slits is increased.
Explain your answer in each case.
(a) What are coherent sources of light? Two slits in
Young's double slit experiment are illuminated by
two different sodium lamps emitting light of the same
wavelength, Why is no interference pattern observed?
Obtain the condition for getting dark and bright fringes
in Young's experiment. Hence write the experiment
for the fringe width,
If § is the size of the source and d is the distance from
the plane of the two slits, what should be the criterion
for the interference fringes to be seen?

(b

4]

{a) In Young's double slit experiment, derive the condition
for constructive interference and (i) destructive

interference at a point on the screen.

A beam of light consisting of two wavelengths, 800
nm and 600 nm is used to obtain the interference
fringes in a Young's double slit experiment on & screen
placed 1.4 m away. L the two slits are separated by
01,28 mm., calculate the least distance from the central
bright maximum where the bright fringes of the two
wavelengths comcide.

(b)

In Young's double slit experiment, describe briefly
how bright and dark fringes are obtained on the screen
kept in front of a double slit, Hence obtain the
expression for the fringe width.

{a)

16.

17.

18.
19.

0.

21.

21.

23.

{b) The ratio of the intensities at minima to the maxima
in the Yong's double slit experiment is 9 : 25. Find
the ratio of the widths of the two slits,

{i} Twoindependent monochromatic sources of light
cannot produce a sustained interference pattern’.
Give reason.

Light waves each of amplitude “a” and frequency
“go”, emanating from two coherent light sources
superpose at a paint. If the displacements due to
these waves is given by v, = a cos af and
y;=a cos{uwr + ) where ¢ is the phase difference
between the two, obtain the expression for the
resultant intensity at the point.

(a)

{ii)

{b) In Young's double slit experiment, using
monochromatic light of wavelength A, the intensity of
light at & point on the screen where path difference
is A, is K units. Find out the intensity of light at a point
where path difference is A/3.

{a) How does one demonstrate, using a suitable diagram,
that unpolarised light when passed through a polaroid
gets polarised?

A beam of unpolarised light is incident on a glass-air
interface. Show, using a suitable ray diagram, that
light reflected from the interface is totally polarised,
when p = tan i, where it is the refractive index of

glass with respect toair and i, is the Brewster s angle.

B DIFFRACTION
Explain diffraction at a single slit and derive relation for
linear width of maxima.

tb)

Discuss Fraunhoffer diffraction at a single slit. Also derive
the relation for linear width of central maximum

What is meant by diffraction? Draw a graph to show the
relative intensity distribution for a single slit diffraction
pattern. Obtain an expression for the diffraction of the first
minimum and first maximum in the diffraction pattern.

Derive an expression for the diffraction of »™ secondary
maximum and minimum in diffraction at single sht.

Obtain an expression for the position of A" secondary
maximum and minimum in diffraction at single slit. Hence
ohtain relation for linear width of central maximum,

Using Huygen's principle, draw a diagram 1o show
propagation of wave-front originating from a mono-
chromatic point source.

Describe diffraction of light due to 2 single slit. Explain
formation of a pattern of fringes obtained on the screen
and plot showing variation of intensity with angle 8 in
single slit diffraction.
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24,

5.

26.

17.

8.

29,

State the essential condition for diffraciion of light to take
place.

Use Huygen's principle to explain diffraction of light due
to a narrow single slit and the formation of a pattern of
fringes obtained on thescreen, Sketch the pattern of fringes
formed due to diffraction at a single slit showing vanation
of intensity with angle &,

(2) Describe briefly how a diffraction patiern is obtained
on & screen due to a single narrow slit illuminated by
a monochromatic source of light. Hence obtain the
conditions for the angular width of secondary maxima
and secondary minima.

Two wavelengths of sodium light of 590 nm and
596 nm are used in twrn (o study the diffraction taking
place at a single slit of aperture 2 = 10°* m. The
distance between the slit and the sereen is 1.5 m,
Calculate the separation between the positions of first
maxima of the diffraction pattern obtained in the twao
cases,

(b

What is meant by a linearly polarised light? Which type
of waves can be polarised? Briefly explain a method for
producing polarised light, Two polaroids are placed at 90°
to each other and the intensity of transmitted light is zero,
What will be the intensity of transmitted light when one
more polarcid is placed between these two bisecting the
angle between them? Take intensity of unpolarised light
as fy,

Which special characteristic of light is demonstrated only
by the phenomenon of polarization? Distinguished clearly
between linearly polarized light and unpolarized light.
Light is incident at the Brewster angle, from air, on to d
transparent medium. How are the resulting reflected and
refracted rays oriented with respect to each other? Obtain
a relation between the refractive index of the medium and
the Brewster angle. What is the nature of polarization of
the reflected light, in this case?

{z) Whatisplane polorised light? The poloroids are placed
at 907 to each other and the transmitted intensity is
zero. What happens when one more polaroid is placed
between these two, bisecting the angle between them?
How will the intensity of transmitted light very on
further rotating the third polaroid?

If a light beam shows no intensity variation when
transmitted through a polaroid which is rotated, does
it mean that the light is unpolarised? Explain briefly.

(b)

What do we understand by *polarization’ of a wave? How
does this phenomenon help us to decide whether a given
wave is transverse or longitudinal in nature? Light from

3o,

an ordinary source (say, a sodium lamp) is passed through
a polarcid sheet P,. The transmitted light is then made to
pass through a second polaroid sheet P, which can be
rotated, so that the angle (8) between the two polaroid
sheets varies from 0° 10 90°. Show graphically the variation
of the intensity of light, transmitted by F, and /., as a
function of the angle 8, Take the incident beam intensity
as /. Why does the light from a clear blue portion of the
sky show a rise and fall of intensity when viewed through
a polaroid which is rotated?

{a) How does an unpolarized light incident on a polaroid
get polarized ?

Describe briefly, with the help of a necessary diagram,
the polarization of light by reflection from a transparent
medium,

Two polaroids *A'and ' 8 are kept in crossed position,
How should a third polaroid *C” be placed between
them so that the intensity of polarized light transmitted
by polaroid B reduces to 1/8th of the intensity of
unpolarized light incident on A 7

(h)
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8.
Pq‘
10.

11
14.

15.

16.

i7.

19.

20.

21.

25,
26.

27.

[ ] =
Hints and Solutions

Zero
Frequency remains same but wavelength decreases.
Frequency remains same but wavelength decreases,

v 3xi0t

== S =5x10" Hz
A Bx0
{a) spherical (b} plane
{c) plane {d) cylindrical

(e} and () spherical (g} plane

As the frequency of light does not change, on passing from
one medium to the other.

No, because energy carried by light wave depends only on
its frequency, which does not change on passing from one
medium to the other.

(i) Spherical wavefront
(i) Plane wavefront

c_

> ( A€

e \ 3
i

B 5

/J.H o )

ineident plane
wavelront

Ray is the path of propagation of wave. Wavefront of a wave
15 the locus of all the particles of the medium in same phase
of vibration, when the wave passes through the medium,
Light emitted by two coherent sources should be of same
frequency and in same phase or with stable phase difference.
(iy 1 =(a+a)=4da>=4] [As 1 = &%

gy Lo =g~ ay =10

.I

refracied spherical
wavefrant

A
Av={2n—1) at wheren=1.2.3,...

Interference is the result of superposition of light waves
from two sources, whereas diffraction takes place due to
interference of light waves from the different parts of the
same source of light.

Av= g\, wheren=1,2,3, ...,

Because light produced by them may be of same frequency
but never in same phase nor with constant phase difference.

Incoherent, because intensity / is same at each point and
hence the two sources have not produced interference of
light.

Angular scparation will not change,

n,
3.

33

34,

35,

3T
38,

39,

. In Young’s experiment, angular width of fringes is ¢ =

Fringe width will become double.
Fringe width of interference fringes decreases to
gB_ B

g 13

A

(a) If the *d” between the slits is increased, angular width
‘B decreases, as @« ;

(b} Ifthe distance ‘D" between the plane of slits and screen
15 increased, then "6° remains same, as "6 is independent
of *1,

Size of the aperture should be the order of wavelength of
light,

A=rays will not get diffracted,

Angle of diffraction 8, be such that sing, ="
o

: , 3k
Angle of diffraction 8] be such that sin 8 =~ =
a [4:]{!""#" Axjo®
— = "q= ---___=]ﬂm
A 400=10 400
Angular width of central maximum 6, =< A.

o=

Angular width of central fringe= '1':

So, there is no effects on angular separation by changing
of the distance of separation ‘)" between slit and the
screen,

. Size of central maxima will become half,

Intensity becomes 4 times.
Sound does not exhibit polarisation,

p=tanp or Tﬂnp=\|"§ or po=Aa"
p=mnﬁi}"=-ﬁ
j=tan 60° = 3

p=tan p or l.'lnjfﬂ:\.fﬁI
or p=60°

oy 1 BD®
H—3

0
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ml

51.

52,

53.

55,

SHORT ANSWER TYPE QUESTIONS

At polarising angle p, where tan p=p= 3

or p=60°

Angle of polarising = Angle of incidence = 60°
tan p=p.1=\,|"§ or p=a0°

sin i

By Snell’s law, p=—
sif

or sinp="0f [ i=p]
e
or sin r_s:m_ﬁn“_‘\.-ﬁ 2.1
e e
or r=30°
2 3
I =1 cos ﬁﬂ°=fﬂuz
L 3 f=I, -1
or == L-—

R R T
So, intensity decreases by one-foarth,
Polarisation.
Let intensity of original unpolarised light be /,
Then intensity of light on passing through polariser becomes
1/2. Intensity of light after emerging from analyser becomes

.i'=]|—'t‘|::1::5"'-15“='r—“v--:i

2 2 12
or ;,fﬂ.
p=tani.

where i ‘is called polarising angle of that medium,

As only the transverse wave can be polarized, that is why
the heat waves which are transverse wave and have
vibrations perpendicular 1o the direction of propagation
can be polarized whereas the sound waves cannot be
polarized being longitudinal in nature and having vibrations
in the direction of propagation.

L]
A =S89 M, L= om0
Ao SB9x107
or v=351x 10" Hz
(i} Of reflected wave
Frequency v = 5.1 = 10" Hz
Wavelength A = 589 nm
Speed ¢ =3 = 10° m/3
(it} Of refracted wave
Frequency v = 5.1 = 10" Hz

29
3

=443 nm

|

Wavelength ' =

= |I=
L
[P

N
3"'2 = 2.25%10° m/s

=
Speed v=—=
? M

11.

13,

14.

15.

17.

(a) p=ei
. u
or vetu 2B i e
u 1.5
1 - ;
(b) Mo, As j.l'Ii— and Ap <hp

So p, > u, and hence v, < v,

i.e., violet travels slower in glass prism.
Mo, because two independent sources of light can produce
light waves of same wavelength and frequency but never
in same phase or with stable phase difference.

w0
e
(i) When dis infinitely small, f is infinitely large, Hence
no interference pattern is observed on screen and the
screen generally appears illuminated.
(i} When d is infinitely large, P is infinitely small and
so distinct interference pattern is observed.
.Irm_‘ﬂ|'|'ﬂ'1i}_ 5
Lin fap = ay }: 9
or s =E or 4d, =a
a) —ds
L, a lba; Lo16
—_———= ] OF == =
Iy a & I 1
LD
P d
(i) When D is increased, fringe width [} also increases.

{ii) When 4 is decreased, fringe width P increasces.
(iii) When widths of the slits are increased, then intensity
of bright fringes increases,

Given I, =a’ =1 or u,sv'T
and [, =ay =1 +8] or a;=.I+8

]

I =0+ 03)" =[NT+ JT<0T |
17 P
= &f 12 &l 2
= '\'I’+N'T[I+T] =f !+[1+T]

As 8] << [, expanding if binomially

4 1
af &
INI! =‘,[I+I+§] =f[2+5~;}

Lo =4
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21.

12,

23.

24,

(]

Ve |

1 T
Bl m"l* {ﬂf}:
L. =] !~[1——J =;[1_;+_J "
o [ zf} 27 T
L [ & 1_4 a:1_E o gl
f: ﬂ: 9 EJ 3 ] sa'.’
iﬂi.—{ﬂl"'a!]!_(z-";ﬂ; +ﬂ:]2
Inin (3 —ay) {2."3:::—;;1]:
S =E
II|'n|.l| I
I P e @ F
ﬁ"[::l_!} =T ar a_i=T or a; =%,
log _a+a) _(Oa;+ay)’ 25
Lavin {d|—ﬂl}z {gal—a:’}:" 16

(i)

(ii)

(i)

(i1)

f= l—f- so separation o between the slits is increased
then fringe width [} decreases,
When source of white light is used, then central bright

fringe formed is white, with coloured fringes on its
either side such that violet is closest and red is farthest,

Lo ={a,+u;_}f = ﬂ=f.11.
Lo (@) —ay)” Wy ":;.‘

Soan increasing the slit widths, amplitudes a, and a,
of lights emerging from them increase and hence the
intensity of fringes also increases.

A= % on increasing the wavelength i of light, fringe
width B of the fringes also increases.

As 4! =£. so om immersing the appartus in water,
H

wavelength A of light decreases and hence fringe width p

also decreases.

Two different lamps emit light waves which are not
coherent, as they are not in same phase or not have siable
phase difference. Due to this no sustained interference
pattern can be obtained on screen.

(i)

(i}

When path difference Ax = 0, then phase difference
ap=2EAT
r
Hence [=a +a} +2aa, cos
or I=|a + v:.rzj:

When path difference Ar = A4

ind =m
h i Abh=——=—
Phase difference Ad Y

Hence ['=g; +a; + 2aa;co8 /2

|
I'=af +a;5

2
TIRIL W E . e

I aE+a§
l’f'.‘.1',=u,,i—3
R A |
. a'z-i or o 7 or oy =2a
19- ﬂi 4: ﬂ: 2 1 1

I'=a'+a; +2aa, cosn/2

or I'=a +(2a) +0=a; +4a =5a’

or I'=35/
30. /=a +a} +2aa, cos0=(a +a;)
!’=aﬁ+u§+2ﬁ,a3cm~;=a,2+a:1
okl
Sa i.=—f“11' ﬁi_}
' af +ai
If a, = dy, then
! 2
'
i I= aaz +n::+ 2aa, cos 3

a bl
I=a’+a™++aa,

= ot
r a’+a’ + 2aa, cos M2 = a a,

1 2
So Lﬂal + iy + dyily

X’ afvu:z
If a, = a, then
I 3
' 2

32.
B=lmm=1=10"m
aD
f=—7 or d=—

d p 1=107"
or B=9=10"m
3.

B=03em=03x%10"m

f=— or

pd
A=tE
d D

03107 x024=107"
r A=

1.2
L=6= 107 m = 60004

or
34.

¥, =lem=1x 107 m
_4D

d L1

_yud _3x107 w1107
4D 4x1.5
A=35 = 10%m

’
¥

or A

PLASITA3/5 SREET NO.1, NAFEES ROAD,JOGABAI EXT, NEW DELHI-110025.Ph-011 26988514

DR EHTESHAM - 9350005771

AD _ fx1077 %15

3

D=15m, &=06000A=6=10"m

d=024mm=024=107°m, D=15m

d=000mm=3=10"m D=15m



.

41.

[l-—.ﬂ.ﬁcm,ﬂ‘=§

A, = 660 nm, B, = 7.8 mm, B, =6.5 mm
'ﬂ—1=1—" or 11—ﬁﬁﬂxﬂ
B A 7.8

or E=55(}um
d=3%x10"m A=480nm=48= 107" m
D=2m
B D !H.D

A o

e T ey S
11 48x1077
—— N —
2 Ix10™
=176 % 103 m
AD=5x 10%m
AB=3x10%m
d= 10" m

MAD
Af=—— or
P d

=d- A8
AD

3x10°*
Sx10
A = 6000A, B =2 mm, u
B_A _Am_1

p k x i

T e
o« P u 133

or A=10"7x =6x10"" m =6000A

= 1.33

=1.5mm

wh
A = 400 nm, fringe width ﬁ=?

a Fyd

A =600nm,d'=d/2, B'=2

As, ' =
AD WD Dok
—_—=— O —=—X—=
d’ d D N d
D400 1 1
of —=—H—=—
D 600 2 3
d=2mm=2x%10"m, D=140cm =14 m
A=600nm=600x10"m=6x10"m
Distance of 3rd bright fringe from central maximum is
_WD _3x6x107x14
d 2x107
¥;= 126 mm
when 2’ =480 nm = 4.8 x 10" m
T _?
ﬁ=y.u=3x4.3x1n Jxl.d p—
d 2x107

=1.26%107 m

then
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42.

or ;= 1008 x 107 m

¥y = 1.008 mm.
So, shift in the position of third bright fringe from central
maximum is
Ay =y, = ', = (1.26 - 1.008) mm
ar Ay =0252 mm
d=024mm=024 x 107 m, D=
B=04cm=04x10%m

»D Bd 04x107°x0.24x107"

= — hE—=

i

1.6
or A=06% 107 m = 6000A

160 cm = 1.6 m

when D =D -40cm = 160 - 40 = 120 cm = 1.2 m
then
BI_E_ﬁxlﬂ xlji_a 102 m
d 0.24 =107
or B'=03cm
B, »Did
B, AD/d
or = Bixy, = J2MM 630 nm
° .1 mm

]

or A, =560nm.
If monochromatic source of light in Young's double slit exp.
is replaced by a sburce of white light, then the central bright
fringe formed is white with coloured fringes on its either side.
Given that distance between the two slits,

d=0.15 mm
Wavelength of monochromatic light, 4 = 450 nm
Distance between the screen and slits, D =1 m
(a) (i) Distance of n™ bright fringe from central maximum

- "D
d
450107 %1
e — =2h
015107 L
=6=10"m
=6 mm
(ii) Distance of ™ dark fringe from central maximum
D
=(2n-1)=—
(2n—-1) o
450x107 =1
=(2%x2-l}y — =2 here
v 4 2x0.15%10™ : 1
=§!3x”}_!= 4.5 mm

(b} Since width of bright or dark fringes is given by
22
=T

Thus when screen is moved away, D increases and

hence fringe width increases,
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45. Young's double slit experiment

superposition of wavefronts

5 is a narrow slit (of width about | mm) illuminated by
a monochromatic source of light. 5. At a suitable distance
{about 10 cm) from 5. there are two fine slits 4 and B about
0.5 mm apart placed symmetrically parallel to 5. When a
screen is placed at a large distance (about 2 m) from the
slits A and 8, alternate bright and dark fringes running
parallel 1o the lengths of slits appear on the screen. These
are the interference fringes. The fringes disappear when
ong of the slits 4 or B is covered.

Expression for fringe width : In Young’s double slit
experiment we obtain two sources from a single source.

ud

: ly

et
screen

Here 5,F and S.P are nearly parallel since the distance
55 = dis much less than D, The angle that these two lines
make with the normal to the screen is taken as 0.
Path difference between the waves reaching the point Pon
screen is

Ax = 5P - § P = 5P - MP= 5:M = dsinfl
As angle 1s very small

dsinf = ghani
- ] N g=2 | ;
e Ax=20 l In A NOP, tan DJ i)
We know, that for maxima

Ax = mh 1y

where, n=1,2,13,..
From equation (i) and (ii). we get
.!'IH - d
Similarly for minima
. (2m=1)2D
o ™
The fringe width is the separation between two consecutive
MAXiMma or minima,
oy D
Ay = d tn-l-l-n]l—-ﬂ-r-

46.

53

585.

ST

6l.

It 15 denoted by p
fark
=

For a single slit of width “a” the first mimima of the
interference pattern of a monochromatic light of wavelength
A occurs at an angle of (A/a) because the light from cenire
of the slit differs by a half of a wavelength.
Whereas a double slit experiment at the same angle of
(A/a) and slits separation “a” produces maxima because
one wavelength difference in path length from these two
slits 14 produced,
g, < 2D
o
(i) IFslit width a is halved, then width B, of central bright
fringe doubles, but its intensity remains same.
(i) When light of longer wavelength A is used, width B,
of central bright fringe increases, but its intensity
remains same,

Ifwidth & of the slit is doubled, then of central bright fringe
the intensity remains same and fringe width B, becomes half.

. i
Angular width 0, = —

L
(i) When slit width ‘a” is decreased, angular width 6
IMCIeases.
(i1} Noeffect on angular width 8, when distance between
the slit and screen is increased.
(i) Angular width 8, decreases when A is decreased.

Size of obstacles or openings like windows and doors in
buildings are comparable to wavelength of sound waves
but much larger than that of light waves. So diffraction of
sound waves is easier 1o observe than that of light waves,

Two main changes in diffraction pattern on using white

light are :

(1} In cach order of diffraction, the diffracted image of
the slit gets dispersed into the colours constituting
white light,

(i1} In higher order spectra, the dispersion is more and it
results in overlapping of different colours

If two bright point objects lving close to each other are
seen with an optical instrument, then they may or may not
be seen as two separate distinct objects due to the
overlapping of their diffraction pattern. The two objects
are seen just separated when the distance between the
central maxima of their diffraction pattern is just equal to
the distance between the central maximum of one ohject
and first secondary minimum of the other object, This is
how diffraction limits the resolving power of an optical
instrument.

-
B, === So, 8,
a

(1) decreases, (ii) No effect, (iii}) increases.
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85.

67.

72,

3.

D

SR8

(i) When A is increased, i, increases
(ii) When a is increased, i, decreases

When whole apparatus is immersed in water then

wavelength of light decreases to L' = E and fi, decreases.

A=600mm=6x10"ma=5=10m
D=2m
DD 2x6x107 x2
a  5x10™
A=600nm=6x10"ma=3%10"m
D=3m

2D 2x6x107 x3
Po = a 3x1073
a=025mm=25x%10"m k=589 x 107" m
, 3% 3 589x107

=48x107%m

Eyl =

=12x10" m

B===== x =3.53x107 rad
124 2" 25x107

iy sin#@ A or a —ﬁ'hm_]
{a) (i) S <in 30°

ora=13x=10%m

i) sini}'-'”" or ﬂ—ix—ﬁ'hm_?
{n ' 2a 2" sin 30°

a=1.95 « 107" m

{b) Because wavelengths from the lesser and lesser part

of slit will produce constructive interference.
A=5x10"ma=2x10"m
required distance is Fresnel's distance

2
r [2x107
z! =ﬂ_=—{ _..) =i‘|-ﬂ'-l
x Sx 107
A=600mm=6*10"ma=2mm=2x=10"m
2
: [2x107
, G=10
A=S00nam=5=10"ma=3mm=3x=10"m
: 3107 ’
z,=“—={—~:~?~}-=1am
A Sx 10

Hnr=a=Sﬂmand§=ﬂfillﬂkm=iﬂmm
As Z,= aiA

1 ]
or L=H_=£

Z, 20000
A=600nm =600 < 10°m=6x 107" m
D=08m,y,=15mm=15%10"m
54D _5 6x107x08
2y 2 15x107

=0.125m=125cm

W=—— or a=

4. A=550nm=55>x10"ma=01lmm=1=10"m

D=

Linear width of central maximum is

By =

ar

21D _ 2x55%x107 x1.1

a 1x107*
B, = 12.1 mm

=121%107 m

Angular width of central maximum is

2 2x5.5%107

Bp = — = — =1.1x107

or

ﬂ =107
8, = 0.011 rad,

As angular width 8, is independent of distance D of screen
from plane of slit, so it will not change when screen is
moved to a distance of 2.2 m from the slit.

75. Here D = R and distance between first dark fringes on
either side of central maximum 1s

2D 2AR
_}‘:ﬂnz— o y=— m‘a=zﬁﬂ
a a T

Separation between first secondary maxima on either side
of central bright fringe is

g 3LD
=7 }'IEIIET

rD

=32=

a
76. When a tiny circular obstacle is placed in the path of light
from a distant source a bright spot is seen at the centre of
the shadow of the obstacle because of the constructive
interference of diffracted rays of light by the circular
obstacle.

Interference pattern

Diffraction pattern

In

obtained by Young's double ‘obtained dueto a single slit,

interference patterniln diffraction pattern

slit experiment.

(i) | Allthe bright and dark |(i) | Central bright fringe is
fringes are of same twice the width of any
width, other secondary bright

or dark fringe.

(ii) | All the bright fringes [(ii}| Intensity of central
are of same intensity. bright fringe is

maximum and it
decreases with increase
in the order of
secondary  bright
fringes.

Di.
77. Position of first minimum in diffraction pattern ¥=—

So, slit width 4=~

T8. (a)

o
Dh._1x500x10"
25%107

Ifthe width of each slit is comparable to the wavelength
of light used, the interference pattern thus obtained

=2x107%m
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80.
82,

87.

in the double-slit experiment is modified by diffraction
from each of the two shits.

{b) Given that: Wavelength of the light beam,
b, =590 nm =59 10" m
Wavelength of another light beam,
h, = 596 nm = 5.96 * 1077 m
Distance of the slits from the screen = D= 1.5 m
Distance between the two slits =g =2 = 10* m
For the first secondary maxima,

SJ'I!H=£L=£J-
a D
D LD
X =—l= -
v 2a ML 2a

< Separation between the positions of first secondary
maxima of two sodium lines

iD
X5— X =-2:{1.1-}.|]

_ 3xl5 7 t
-mfslg& = 10 - 59 = J:ﬂ"l
=675 % 105 m
=B 12600107 e,
v Ixi0
-0
g P ASHAORIE™ e it

¥ 3%107
Light beam is passed through a polaroid and the polarcid
is rotated. If the intensity of emergent light changes with
rotation of polaroid, then the light beam is plane-polarised.
But if the intensity of emergent light remains same, then
light beam is unpolarised,
Transverse wave, By passing the light beam through a
polariser.
Light is passed through a pair of polaroids called polariser
and analyser respectively. On rotating analyser with respect
to polariser, intensity of emergent light from the analyser
changes. This experiment shows that light exhibits plane
polarisation and hence is transverse in nature.
When two polarcids are kept crossed to each other /e,
8 = 90° between them, then intensity of transmitted light
is zero.
But when a polaroid sheet is kept a angle of 8 = 45° with
their planes of transmission, then intensity of transmitted
light becomes maximum,

(@) Whena, =01 mm=1x10%m,
By=6 mm=6x 107 m

then E{I:E
a
¢ -1 —4
- ;_=j3na]=ﬁxlﬂ =10
2D 2x1
or A=3x10"m )

When a, = 0.2 mm = 2 = 107 m,

94, (i)

Bi=3mm=3=10"m
5 - Biay _3x107 x2x10™
i 2x1
A=3x10"m i)
By (i) and (ii), we found that wavelength of light used
is3 = 107" m.
{(b) At Brewester's angular i,
tan i, = | (1)
whereas, at critical angle i,

.
g ic e
p= _l_ =taniy = sini. =colig
smrc
ar i = sin" (cot iy)

A-rays as these are transverse in nature.
I'= [, cos’d

i
(a) When 8 = 45°, then / = J, cos® 45°=

b} When & = 90°, then / = S cos” 90°= 0
{c) When 8 = 180°, then [/ = [, cos” 1807 = I

98. Polaroids 4 and B are oriented at an angle of 90°, so0 no

light is emerging out of B. On placing polaroid C between
A and 8 such that its axis bisects the angle between axes
of 4 and B, then angle between axes of polaroids 4 and
C is 45° and that of € and B also 45°,
{a) Intensity of light on passing through polaroid 4 or
between 4 and C is
o
2
(b) On passing through polarcid C, intensity of light
between € and B becomes

f=0 cos® 45°
or [, =%x%=f—:

99. Let intensity of light incident on P, be /,, then intensity

of light after emerging from P, is /,/2. As angle between
P, and P, is 45°, so intensity of light on emerging from
P is

jl =!—ﬂ m: 45“ :ﬁ xl:f_{.

2 2 2 4

As angle between F, and P, is also 45° so intensity of
finally emerging light from P, is
I=hcm1 45“=—f-“-:~|-=f—“

4 4 2 8

100, When the vibrations of the electric field vector £ are confined

o only one direction in plane perpendicular to the direction
of propagation of light, then light is called linearly polarised
light.

Intensity of transmitted light is maximum when the polaroid
sheet makes an angle of 45° with the pass axis.
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101, When unpolarised light 1s made to pass through a polaroid,

only those electric field vectors, parallel to 1ts
crystallographic axis emerge out of it. Thus the emerging
light is plane polarised. Such a crystal is called polariser.
If the emergent plane polarised light is passed through
another crystal called analyser with its plane of transmission
normal to that of polariser then no light emerges from it
as it is completely absorbed by the analyser.

Demonsteation of polarisation of light,

Let two polaroids P, and P, are placed in crossed positions.

Let P, be the polaroid sheet placed between P, and P,

making an angle B with pass axis of P,,

If 1, = intensity of polarised light after passing through P,

then intensity of light after passing through P, will be
1, = Icos™® )

Now angle between P, and P, u[g.— B]
[ P, and P, are in crossed position]
+  Outcoming intensity after P, is
i
fy=1008" | —— E}
3 2 (2

fj=f,cuszﬂ-m51l:~:-—ﬂj [Using (i)]

= [ cos*Bsin’®

(1 ?

= f,| =sin 13)

'\2

If I, = intensity of unpolarised light, then
2
I Taf1 . b
=21 =1 =-E[—sm2~9'
| 3 A J

5

(i) Maximum outcoming intensity is received when @ = E

- 1-4(3] -4

(ii) Minimum intensity, when 8 =%

Polarizer r
(@) Analyser

Polarizer Analvser

(&)
If two thin plates of tourmaline crystals T, and T; are

rotated with the same angular veloeity in the same direction
as shown in the figure above, no change in intensity of
transmitted light is observed.

The phenomenon can be explained only when we assume
that light waves are transverse. Now the unpolarized light
falling on T has transverse vibrations of electric vector
lying in all possible directions, The crystal T, allows only
those vibrations to pass through it, which are parallel to
its axis. When the crystal T, is, introduced with its axis
kept parallel to the axis of 7,, the vibrations of electric
vector transmitted by T, are also transmitted through 7-.
However, when axis of T; i1s perpendicular to axis of T,
vibrations of electric vector transmitted from T are normal
to the axis of Ty, Therefore, Ty does not allow them to pass
and hence eye receives no light.

Light coming out of the erystal T, is said 1o be polarized
i.e. it has vibrations of electric vector which are resiricted
only in one direction (i.e. parallel to the optic axis of
crystal ).

Since the intensity of polarized light on passing through
a tourmaline crystal changes, with the relative orientation
of its crystallographic axes with that of polariser, therefore,
light must consist of transverse waves,

{b} The reflected ray is totally plane polarised, when
reflected rays and refracted rays are perpendicular to each
other. ;

103.{a) Ifthe electric field vector of a light wave vibrates just

in one direction perpendicular to the direction of the
propagation then it is said to be linearly polarised.

Linearly

Maolecules behave like polarized

dipole radiators and
suatler no energy along
the dipole axis.

Linpolarized

Ku

Unpolarised light incident on air molecules is scanered
and gets polarized.
{b) Same/Unchanged/constant

104.(a) Light from the sodium lamp passing through the single

polaroid sheet (P,) does not show any variation in
intensity when this sheet is rotated.
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o |

However, if the light, transmitted by P, is made to
pass through another polaroid sheet (Py) the light
intensity, coming out of P; varies from a maximum
to zero, and again to maximum, when P, is rotated.
These observations are consistent only with the
transverse nature of light waves,

(b) Intensity of light transmitted through P, = 1,2

Intensity of light transmitted through

= (Iy/2) = cos?30°

= 3I/8
Intensity of light transmitted through

3 3 3

=—{ 60" =

5 g o CO% 12 Iy
Incidant Sunlight
{Unpolarised)

Scattered Light
{Polarised)

To Observer
The acceleration of the charges, in the scattering molecules,
due to the electric field of the incident radiation, can be
in two mutually perpendicular directions.
The observer, however, receives the scattered light,
corresponding to only one of these two sets of the
accelerated charges,
This causes scattered light to get polarised,
Alternatively : The observer receives scattered light
corresponding to only one of the two sets of accelerated
charges ie. electrons oscillating perpendicular to the
direction of propagation.

LONG ANSWER TYPE QUESTIONS

(b) (i} The frequency of reflected and refracted light
remains same as the frequency of incident light
because frequency only depends on the source of
light.

(i1} Since the frequency remains same, hence there
i5 no reduction in energy.

12.

13.

Given S5, - 5§, =%
Now path difference between the two waves from slits 5,
and &, on reaching point P on screen is

= {55 + 8,P) - (S5, + 5,P)

or = (S5, -SS]""{S*P 5.P)
A m'
o T

(1) For constructive interference at point P, path difference
Ar = nh

or 53+E=n1

4 D

vd | 1 )
or E—t-ﬁ'";Jl [T}

wheremn =10, 1, 2, 3,
(i1) For destructive interference at point P, path difference

h A
._.+£=[jﬂ_ ”_
4 D 2

s
=|2n-=1)= or
(20-1)%

o 3-{oer- e}

wheren=1, 2, 3, 4,
For central bright fringe, putting » = 0 in equation (i), we get
vl i —iD
D 4 -

oA 11)

A4
The —ve sign indicates that central bright fringe will be

hd
observed below centre O of screen, at distance ad below

it.
Given for &, = 6000A, fringe width B, = 0.8 mm, then for
A, = ?Sﬂﬂﬁn fring width i, = 7
Alse, d, = 2d,
By _MDidy 4y di
By MD/d, A d,
Sﬂ'ﬂ d

ﬁﬂm 2-::!'.
or B, =05 mm

= 0.8

As fringe width § = % of interference pattern in YDSE, so

{i) Onmoving screen closer to plane of slits, D decreases
and hence fringe width P also decreases.

(i) On increasing separation o between two slits, fringe
width [} decreases.

{a) Astwo different sources of light can never produce
light waves of same frequency and wavelength in
same phase or with constant phase difference.

If "a’ is the distance between the two slits S, and §,,
A" is wavelength of light, *d” is distance m" source

from plane of slits, and *5" is the size of the source,

(b)
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then interference fringes can be seen only, if the

5 X
condition g": g should be satisfied.

F

plang
of slits

SCTCEN

14. Condition for constructive and destructive Interference:

Let the two waves emerging form two coherent sources 5,

and 5. be in same phase, given by

vy = @y sin we and ¥, = a; sinof

where a; and a, are the amplitudes of two waves and ©

is their same angular frequency. Let the wave form 5,

travels a distance §,P = x; and wave from §; travels

distance S:P = x; on reaching same point P on the screen.

Then at point P on screen the two superimposing wave are:
¥ = @ sin {if - h|}

and ¥ = ay Ei'ﬂ{lﬂf = *_l'.'z}

So, on reaching point P, the phase difference between the

two wave becomes

2
Ab=kix,—x) or A= _--_:m
A

where Ax = X— XK= S;P = S|P
gives the “path difference” of the two waves on reaching
point P on screen from the two slits §) and 5.
So by superposition principle of waves, the resultant wave
at point P is
y =y +y:=a sinfwr - ke)) + a; sin(w - kxy)
= g, sini gos kx, — @ cos Wt sinkx,
+ @ siniscoske — d;

CO8 W 5in Kxs
= gin wia, cos kx; + gy cos k)

— costi(a; sin kx; + a; sinkx) ..(i)
Let a; cos kr; + a; cos kx, = Acosb i)
ay sin kx, + ay sin kx; = Asiné wof 1HE)
Using (ii) and (iii) in (i), we get y = Asin[wt — 8]
y = Alsinto tcostf — coswisind)
where A is the resultant amplitude which can be obtained
by squaring and adding equations (i) and (iii) as
or A =a +al +2au,(coskx, cosk, + sink, sin k)

A= u,: +a§ + 2aya, (cos Ad)

or  A=.a +a;+laa,cosid

The intensity [ of the resultant wave at point F on screen
is then given by I = 4°
or [=al+ai+2aa, coshp

OR
Let the two wave emerging from two coherent sources
5,and 5, has some initial phase difference ¢.
v, = ay sin wf and ¥; = a; sin{wr + @)

By superposition of waves, the resultant wave is

¥ = 4+ Y= 4 sinwt + g; sinfwt + @)

o= gy sinor + as (sin@f cosg + coswi sing)

v = sinwt (a; + a; cosg) + a; coswl sing

Let us assume @, + oy cosd = AcosB..(1)

a- sing = Asinf L)

v = AcosB sinwe + Asin@ cose

Resultant wave v = Asinfow + 8)

where *A’ is resultant amplitude, squaring and adding
equation (i) and (ii)

net amplitude, 4=ya’ +a’ +2aa, cost
Relation between phase difference and path difference
2n
= e Ay
a¢ s
(i) Condition for constructive interfierence or MAXIMA
At point P intensity / will be maximum only when

cos Ap = + |
or Ab=0, 2m 4m 6, s

or 2:{?’“.1“.4“._._........

or Ax=0,0 2% e
or Ax=nh
whenn=20,1, 2, 3
This is called condition of “constructive interference™ or
“MAXIMA". So bright fringe will be formed at point P
on the screen, only if the path difference between the two
superimposing waves is integral multiple of 4, and the
maximum intensity of the fringe obtained is the given by
Do =l + I.I!2~.|I
(i) Condition for destructive interference or MINIMA At
point P intensity [ will be minimum only when

cos Ad = -1

Y. R
2

or Ar=(2n- I]n-:;-

whenmn=1 2,3 .coiiinns

This is called condition of “destructive interference” or
“MINIMA". So dark fringe will be formed at points P on
the screen, only if the path difference between the two
superimposing waves is (2n — 1JAZ,

(b} The two bright fringes will coincide when

nhy = (n + 1)A;

n 800 = 10°% = (n + 1) 600 x 107

Lomn=13
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y - (D))
" d
(3] 4x800=107%)
T asxag?) 712X 107mm

15. (a)In Young's double-slit experiemnt, the wavefronts from

two illuminated slits superpose on the screen. This leads
to formation of alternate dark and bright fringes due to
constructive and destructive interference, respectively. Al
the centre C of the screen, the intensity of light is maximum
and it is called central maxima.

D

Let 5 and 5; be two slits separated by f distance d. GG'
is the screen at a distance D from the slits 5, and 5,. Point
C is equidistant from both the slits. The intensity of light
will be maximum at this point because the path difference
of the waves reaching this point will be zero.

At point P, the path difference between the rays coming
from the slits S, and 5, is 5.P - §\P.

Now, 5,5, = d, EF = d, and §,F = D

& InASPF,

s;P=[5,F?+PF2]"
:!'ﬂ.'ﬂ d =
51P=[Di+[“f;] =l [“:J

Similarly, in AS PE,

52
| (=
§P=D| \*"3
2 ;

o) '[_j]_l

7 B 2 P
Om expanding it binomially,
5,P-5§P= 51}3.["*;}?
For bright fringes (constructive interference), the path
difference is an integral multiple of wavelengths, i.e. path
difference is mi.

d.l
5,P-8§P=D I[”z] -D

xd

"}.:_...
0
AL
.I=T wherem=10,1, 2, 3, 4,...
Forn= 0, g = 0
an
n=1x=-
i
n=lx= I.F.D
d
=3 = 33._.:']
il
H=H, X, ==
d

Fringe width () : Separation between the centres of two
consecutive bright fringes is the width of a dark fringe, and
called fringe width.

EI=IJ'|-II'|'-I= i

o

Similarly, for dark fringes,

WD
x, ={2i'|—HEE

Form=1, Ii='2&'

3D

Forn=12 x,=——
v 2d

The scparation between the centres of two consecutive
dark interference fringes is the width of a bright fringe.

ﬂi By =X = _d-
Lo Bi=Bs
All the bright and dark fringes are of equal width as §, =,
(b) We have
Ty (@ +ay)’ 25
;fﬂ:ln- {a'l —rﬂ'z Jz 2

a 4

a1

Wo_h_ta) _16
Wy 1y {Gz}l 1

16. (a) (i) There is no exact relation between phases of light

waves from two different sources. So, they are
incoherent, Due to this reason, two independent
monochromatic sources of light cannot produce a
sustained interference pattern.

(1) Displacement of two waves are

¥, = acoswt

¥, = acos{wt + ¢)
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where ¢ is the phase difference between them. Resultant |
displacement at point P is given by superposition principle, |
y=n+t+n- acosuy + acos{or + @)
= alcoswt + cos{wt + 9))
=u[1mfw+mr+nmtm:—w—w]
Fj 2
o) (¢

}'=“““[°’”5]°“[5]

A1)
Let hms(%} =4 | then equation (i) becomes

y= -"NS[W +%] where A is the amplitude of resultant

Wave.

Mow, 4= ?.nms{%)

Squaring both sides, we get A = 4q% cos? [.%]
Since, intensity = (amplitude)®

Hence, resultant intensity, [ = 4/, cos [g]
where, I, = intensity of the source,

¢

(b) [=4al,cos’ [E] A1)

Given, for path difference A intensity of resultant light
wave 15 K units
We know,

Phase difference =1—:~ x« path difference

in
=—uxh=2In
= 4 ?-. ®

Plug in the given values in equation (i), we get
K =41ycos” [3;-] = K = 4/ cos’(n)

= fn=% .-« (i)

If path difference is A/3, then phase difference is given by
yo2E A 2R
A3 3

Required intensity, ' = 4[£] cos? [_.ll]
4 2x

2
Fia 2 & ‘tf=_ﬂ'[l] =£
i [31__" 2) 4

K
=] =Tumis
25, (b) Angular width of the secondary maxima

=220+ )=
a

% Linekrwidih -[[z“ui]p
a
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s Linear separation, between the first maxima (n = 1)

ha—
of the two wavelengths, on the screen, is -3{—-:'—‘} % [

 3596—590)x107"
Separation = - S
21x107"

=135 =1 "m=1335 mm

x1.5m

. (b) Yes, the light incident on the rotating polaroid is
unpolarised. On passing through polaroid it becomes plane
polarised in the plane of transmission of polaroid, whatever
the angle it makes with vertical. So, intensity of transmutted
plane polarised light does not change on rotating the
polaroid.

29. Unpolarised light intensity [, when passes through the
polaroid P, it becomes plane polarised and intensity
reduces to I, = [/2, which remains constant, even on
rotation of polaroid P,.

L

!

iy

el

b "
-

oo

un
[ e

I
When polarcised light o intensily Tﬂ passes through the

polaroid 7., then intensity of light emerging from P, decreasing
on rotating it from 8 = 07 1o 8 = 90° as shown below :

o e

i %
£

L g— B

Polarisation of light takes place due to scattering. Thus the

blue light of the sky is plane polarised light. So, when this

polarised light is seen through a polaroid, then there 1s nise

and fall in intensity of emergent light on rotation of polarosd.

30. (a) When unpolarised light falls on a polaroid, it lets only

those of its electric vectors that are oscillating along

a direction perpendicular 1o its aligned molecules to

pass through it. The incident light thus gets linearly
polarised.
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Whenever unpolarised light is incident on a transparent
surface, the reflected light gets partially or completely
polarized/the reflected light gets completely polarized when
the reflected and refracted light are perpendicular to each

other,
ORDINARY PLANE POLARISED
LIGHT 5 LIGHT
A C
X 00
B! F
B i
N 3
UNPOLARISED
LIGHT
(b) Let B be the angle between the pass axis of 4 and C

Intensity of light passing through 4= %ﬁ

Intensity of light passing through C:{{;]ggszﬂ

Intensity of light passing through

¥a [i;]m*n[mﬁm—m]

- {‘;_'}J -(cosB-sinf)* = g’ (Given)

sin 28 = 1, 28 = 90°
The third polaroid is placed at 8 = 45°,
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Sol. (a)

r ¥

(a) When monochromatic light is incident on a surface
separating two media, the reflected and refracted
light both have the same frequency as the incident
frequency. Explain why?

(b) When light travels from a rarer to a denser mediom,
the specd decreases. Does the reduction in speed
imply a reduction in the energy carried by the
light wave?

(¢) In the wave picture of light, intensity of light is

determined by the square of the amplitude of the

wave. What determines the intensity of light in the
photon picture of light

In the phenomena of reflection or refraction of light

the frequency of light remains unchanged although

wavelength and velocity changes in refraction,

As the incident light on surface forces atoms to vibrate

with the frequency of light. These charged oscillator

further produce light with same frequency. So both
the reflected and refracted light have same frequency.

According to relation E = Jru, the energy of light wave

depend upon frequency 'u'. As the frequency remain

same, 50 energy also remains same.

{c) Inthe wave picture intensity of light is determined by
the square of amplitude of wave.

! = 20 4 pv
But in photon picture the intensity of light is
determined by number of photons incident per unit
area around that poini.

Monochromatic light of wavelength 589 nm is incident
from air on a water surface. What are the wavelengih,
frequency and speed of (a) reflected, and (b) refracted
light? Refractive index of water is 1.33

(b)

Sol. {(a) In the process of reflection wavelength, frequency

and speed of incident light remain unchanged,

So, speed of reflected light = speed of incident light
c¢=3 % 10 ms!

Wavelength of reflected light = Wavelength of incident

light
A=589x 10"m

frequency of reflected light = frequency of incident
light

e ixl0"
Uy —=—m—m——

A 589x10”

(b) In the process of refraction wavelength and speed

change but the frequency remains the same,
Speed of light in water

=500%10" Hz

BT

Wavelength of light in water

A==l 444 x
u 500=10

Sa, A= 444 om.

3. (a) The refractive index of glass is 1.5. What is the
speed of light in glass? (Speed of light in vacuum
is 3.0 % 10* ms™")

(b) Is the speed of light in glass independent of the
colour of light? If not, which of the two colours red
and violet travels slower in a glass prism?

Sol. (a) Speed of light in glass
r='c =3N“:.ll =2x 10" ms”

B,

(b} Speed of light depends upon refraction index.
Thus speed of light is different for red and violet
colours.

As | >

So, v, < ¥,

Speed of red colour is more than violet colour light
in glass,

4. What is the shape of the wavefront in each of the

following cases :

(a) Light diverging from a point source,

{(b) Light emerging out of a convex lens when a point
source is placed at fts focus.

{¢) The portion of the wavefront of light from a distant
star intercepted by the Earth.

Sol. (a) Spherical wavefront : All particles vibrating in same
phase will lie on a sphere,

(b) Plane wavefront : Light will be a paralle]l beam after
passing through the convex lens.

{c} Plane wavefront ; Light rays from a distant star are
nearly parallel as a small portion of a huge spherical
wavefront is nearly plane.

5. Let us list some of the factors which could possibly

influence the speed of wave propagation:

(i) mnature of the source

(ii) direction of propagation

(iii) motion of the sources and/or observer

(iv) wavelength

(v) intensity of the wave

On which of these factors, if any, does

(a) the speed of light in vacuum

(b) the speed of light in a medium (say glass or water)
depend?

DR EHTESHAM - 9350005771
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Sol.

6.

Sol.

{a) Speed of light in vaccum is independent of all the
factors listed above. It is also independent of relative
motion between source and observer,

(b) Dependence of speed of light in a medium:

(i) The speed of light in a medium does not depend on
the nature of the source, Although speed is determined
by the propertics of the medium of propagation,

(i1) The speed of light in a medium is independent of the
direction of propagation for isotropic media,

(ii1)The speed of light 15 independent of the motion of the
source relative to the medium but it depends on the
maotion of the observer relative to the medium.

(iv) The speed of light in a medium depends on wavelength
of light.

(v) The speed of light in a medium is independent of
intensity.

Explain how Newton's corpuscalar theory predicts that
the speed of light in a medium, say water, is greater
than the speed of light in vacuum. Is the prediction
confirmed by experimental determination of the speed
of light in water? If not, which alternative picture of
light is consistent with experiment?

In Newton’s corpuscular (particle) picture of refraction,
particles of light incident from a rarer to a denser medium
experience a force of attraction normal to the surface. This
results in an increase in the normal component of velocity

but the component along the surface remains unchanged.
CEn T

=

Considering a ray of light going from a rarer medium {air)
to a denser medium (water).
Let ¢ = speed of light in vacuum (or air),
v = speed of light in water,
i = angle of incidence, and
# = angle of refraction
Then according to Newton's corpuscular theory,
Component of velocity ¢ along surface of separation =
Component of velocity v along the surface of separation
v csmmi =vsinr

v_sini _,

Cosnr
As 'y > |, therefore, v = ¢,
So, according to Newton's corpuscular theory the speed
of light in medium is larger than speed of light in air,
¥ = ¢ bt in fact the experimental observation shows that
speed of light is smaller in denser medium as compared
to rare medium. v < ¢,

| Sal.

Sol.

Light of wavelength 5000 A falls on a plane reflecting
surfaced. What are the wavelength and frequency of
the reflected light? For what angle of incidence is the
reflected ray normal to the incident ray?

In thereflected light the wavelength and frequency remain
the same as that of incident light. Wavelength of reflected
light = 5000 A, frequency of reflected light = 7

€=Uk

e 3=
A Sx10
L= 6x 10" Hz
for an angle of incidence 45° the reflected ray is normal
to incident ray.

What is the effect on the interference fringes in a

Young's double-slit experiment due to each of the

following operations :

(a) the screen is moved away from the plane of the slits ;

(b} the (monochromatic) source is replaced by another
(monochromatic) source of shorter wavelength:

(c) the separation between the two slits is increased:

(d) the source slit is moved closer to the double-slit
plane;

{e) the width of the source slit is increased;

(f) the monochromatic source is replaced by a source
of white light?

In Young's double slit expeniment the fringe width is given by
LD
=

{a) When the screen is moved away from the plane of slit

‘IV increases and thus fringe width also increases,
fringes become wider.

i
T
DT s0 BT

(b} When the wavelength of incident monochromatic light
is reduced the fringe width also reduces, fringes became
shorter,

LD
P~a
wdoso Bl

fc) When the separation between two slits is increased,
fringe width reduces.

p=22

d
dT s0 Bl

(d) When the source slit is brought closer to the double
slit plane the interference pattern become less and less
sharp, however, the fringe width remain constant. Once
the source is very lose the fringes disappear.

(e} A single broad source will contain a number of point
sources, Due to a number of light waves from all these
point sources an overlapped interference pattern is
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9.

Sol.

(f) White light consist of seven colours with different
wavelengths each wavelength produce its own
interference pattern with different fringe width.

The central bright fringes for different colours are at
the same position, Therefore, the central fringe is white.
For a point P for which 8§, — § P = )2, where &,
{= 4000 A) represents the wavelength for the blue
colour, the blue component will be absent and the
fringe will appear red in colour, Slightly farther away
where 5,0 - 5,0 = A, = A /2 where 4_(= B000 A) is
the wavelength for the red colour, the fringe will be
predominantly blue.

Thus, the fringes closest on either side of the central
white fringe is red and the farthest will appear blue.
After a few fringes, no clear fringe pattern is seen.

In a Young's double-slit experiment, the slits are
separated by 0.28 mm and the screen is placed 1.4 m
away. The distance between the central bright fringe
and the fourth bright fringe is measured to be 1.2 cm,
Determine the wavelength of light used inm the

experiment. [
Here d = 0.28 mm [
O=14m
Distance of fourth bright from center = 1.2 cm

. . nfyk
Linear position of n™ bright fringe ¥, =

403
Linear position of 4™ bright fringe ¥, e
. 4
12510 = 20D, A = 6000 A

C0.28x107

In Young's double-slit experiment using monochromatic
light of wavelength A, the intensity of light at a point
on the screen where path difference is A, is K units.
What is the intensity of light at a point where path
difference is /37

. In Young's double — slit experiment net intensity of light

al a point on screen is

I,=T1+1,+2JII cos¢

for f,=1,=1

I =2+ 2 cost

relation between path difference and phase difference
A= ET“ Ax

for path difference A, phase difference

n.,
Ap=—p =327
’ A

l,=K=211+2lcosin
K=4l
for a path difference A3

)

phase difference Ad= 2—: Ax

11.

Sol.

fi] In
=255
now the intensity
f.=21+12] cﬂs%
by = 21 - 21 sin 30°
K
[ == =

A beam of light consisting of two wavelengths, 650 nm
and 520 nm is used to obtain interference fringes in a
Young's double-slit experiment,

{a) Find the distance of the third bright fringe on the
screen from the central maximum for wavelength
650 nm.

{b) What is the least distance from the central maximum
where the bright fringes due to both the wavelengths
coincide?

Here d = 2 mm

D=12m
A, = 650 nm
A, = 520 nm

(a) Distance of third bright fringe from the central

maximum for the wavelength 650 nm.
3D 3(650x107')1.2

BT
¥y =117 mm,

b} Let at linear distance ‘3" from center of screen the
bright fringes due to both wavelength coincides. Let
n, number of bright fringe with wavelength A, coincides
with #, number of bright fringe with wavelength ..
We can write
y=np, =np,

= nh, (i)

Also at first I;u;iliun of coincide the n'™ bright of one will
coincide with (r + 1)th bright fringe of other.

IfA, <A,

So then n, > n,

then m=n,+ 1 1)

Using equation (ii) in equation (i)

.I"II_.I.‘.,I =(m +1) .'uk.:

m, (650) = 107 = {n, + 1) 520 x 10

65n =52a + 52

12m =52

m=4

So, the fourth bright fringe of wavelength 520 nm coincides
with 5™ bright fringe of wavelength 650 nm.

T e e
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12.

Sol.

11

Saol.

14.

Sol.

 1:2650 < 107"
2x107°
= 1.56 mm
Twao slits are made one millimetre apart and the screen

is placed one metre away. What is the fringe separation
when blue-green light of wavelength 500 nm is used?

; : Dh  Ix5x10”
Fringe width B=—""__""""""
e p 3 107

=5 = 10" m=0,5 mm,

In & doubleslit experiment the angular width of a
fringe is found to be 0.2° on a screen placed | m away.
The wavelength of light used is 600 nm. What will be
the angular width of the fringe if the entire experimental
apparatus is immersed in water? Take refractive index
of water to be 4/3.

=4

arc

angular width 0= —
radius

g SE Ly

With air between slit and sereen.
600 = 107"

i

8=02=

With water as the medium between slit and screen,
A= A
angular width & = A'/d

dividing e T

R

(4/3)
In double-slit experiment using light of wavelength
600 nm, the angular width of a fringe formed on a
distant sereen is 0.1°, What is the spacing between the
two slits?
Angular width 8= %
0-1 6x 107
0-1°= — = —nv
180 d
6% 180 =107
Dl=n
d=344 = 10" m

4=

I5.

Sol.

Answer the following questions :

(#) In a single slit diffraction experiment, the width of
the slit is made double the original width. How does
this affect the size and intensity of the central
diffraction band?

(b) In what way is diffraction from each slit related to
the interference pattern in 3 double-slit experiment?

(e) When a tiny circular obstacle is placed in the path
of light from a distant source, a bright spot is seen
at the centre of the shadow of the obstacle. Explain
why?

(d) Two students are separated by a 7 m partition wall
in a reom 10 m high. If both light and sound waves
can bend around obstacles, how is it that the students
are unable to see each other even though they can
converse easily.

(e) Ray optics is based on the assumption that light
travels in a straight line. Diffraction effects
{observed when light propagates through small
apertures/slits or around small obstacles) disprove
this assumption. Yet the ray optics assumption is so
commonly wsed in understanding location and
several other properties of images in optical
instruments. What is the justification?

(&) Linear width of central maximum

.0
p= 7
On doubling the slit width 'd", the size of central
diffraction band is halved.
Because the width of central maximum is halved. Its
area become 1/4 times and hence the intensity become
4 times the initial intensity.

(b) In double slit experiment an interference pattern is
observed by waves from two slits but as each slit
provide a diffraction pattern of its own, thus the intensity
of interference pattern in Young's double slit experiment
is modified by diffraction pattern of each slit.

(¢) Waves from the distant source are diffracted by the
edge of the circular obstacle and these waves
superimpose constructively at the centre of obstacle’s
shadow producing a bright spot.

(d) We know for diffraction to take place, size of the
obstacle/aperture should be of the order of wavelength.
Wavelength of sound waves is of the order of few
meters that is why sound waves can bend through the
aperture in partition wall but wavelength of light waves
15 of the order of micrometer, hence light waves can
not bend through same big aperture. That is why the
two students can hear each other but can not see each
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16.

ETF

Sol

ey

,-;mmmmw g i

(€) In optical instruments, the sizes of apertures are much
larger as compared to wavelength of light. So the
diffraction effects are negligibly small. Hence the
assumption that light travels in straight line is used in
the optical instruments.

A parallel beam of light of wavelength 500 am falls on

a narrow slit and the resulting diffraction pattern is

observed on a sereen 1 m away. It is observed that the

first minimum is at a distance of 2.5 mm from the
centre of the screen. Find the width of the slit.

A= SMnmlz—D |'m

First minimum is observed a1 a distance 2.5 mm from
centre of the screen,
Width of central bright
f= E =2 x2.5mm
d

a0
25x10"
S00 %107 %1

25x10°

d=0.2 mm
In deriving the single slit diffraction pattern, it was
stated that the intensity is zero at angles of nA/a. Justify
this by suitably dividing the slit te bring out the
cancellation.
It is observed that intensity is

Shit width & =

Slit width d =

nh. | ;
zero at 8 =— where a 18 slit
£a

width. Path difference between
extreme beams from the slit
a sinfl = nh

wheren =123, 4 ......

for n = 1 let us divide the whole slit in two parts, a path
difference of A/2, exist between the corresponding waves
from each part, These waves superimpose destructively on
the screen and cancells each other, thus producing zero
intensity.

Similarly zero intensity for # = 2, 3, ...
explained.

can also be

18.

£

19,

20.

Sol.

For what distance is ray optics a good approvimation
when the aperture is 3 mm wide and the wavelength
is 500 mm

Fresnal distance required for appreciable diffraction
a’ {3"‘1“-5.}1
7% sx10”
This example shows that even with a small aperture,
diffraction spreading can be neglected for rays many metres
in length., Thus, ray optics is valid in many common
situations,

Estimate the distance for which ray optics is good
approximation for an aperture of 4 mm and wavelength
400 nm.

=18m

. Fresnal distance required for a sufficient spreading of

central bright, so that diffraction is appreciable

= o (4x107)
F7 % 400=10”"
D,= 40 m

So, for distance less than 40 m between slit and screen,
ray optics is a good approximation as within this distance,
the spreading is negligible,

Two towers on top of two hills are 40 km apart. The
line joining them passes 50 m above a hill halfway
between the towers. What is the longest wavelength of
radio waves, which can be sent between the towers
without appreciable diffraction effects?

o ok

Wﬁ\\\\\

A

Tower |

m\\ﬁkﬂh&\- ey

AR

] > /
- -~ - -

P ..r.—"’i"f,f.-' ~F 2

For diffraction of radiowaves not 1o occur the distance of

middle hill should be less than fresnal distance for a slit

width “a” of 50 m.

\

r
=)

Byms
longest wavelength of radio wave which can be sent without

appreciable diffraction effect

.ooat s0=50
_ﬂ:""""#

D, 20x10°
A=125ecm

Thus wavelength of radio waves longer than 12.5 em will
bend due to the hill in the middle of towers.
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21. Answer the following questions :

{a) When a low-flying aircraft passes overhead, we
sometimes notice a slight shaking of the picture on
our TV screen. Suggest a possible explanation.

(b} As you have learnt in the text, the principle of
linear superposition of wave displacements is basic
to understanding intensity distributions in
diffraction and interference patterns. What is the
Jjustification of this principle?

Sol. (a) The low flying aircraft reflects the TV signals. Due to
interference between the direct signal received by the
antenna and the reflected signals from aircraft. We
sometimes notice slight shaking of the picture on the
TV screen.

{b) Superposition principle states how to explain the
formation of resultant wave by combination of two or
more waves. Let y, and v, represent instantaneous
displacement of two superimposing waves, then
resultant wave instantaneous displacement is given by

_lrl = ¥ |

- _" -

22, Assume that light of wavelength 6000A is coming from
a star. What is the limit of resolution of a telescope
whose objective has a diameter of 100 inch?

A 100 inch telescope implies that 2a= 100 inch = 254 cm.

Thus if, A = 6000A = 6 = 107° cm
061 = 6x10"
e M [

[

23. What is Brewster angle for air to glass transition?
{1 for glass is 1.5)

By Brewster law, tan by W= 1.5

Sol.

then, A8 =20% 107 radians

Sol

*. Brewster angle, i, = tan~! (1.5) = 56.3°

24, Unpolarised light is incident on a plane glass surface.
What should be the angle of incidence so that the
reflected and refracted rays are perpendicular to each
other?

Reflected and refracted light are perpendicular a1 polarising

angle.

Sal.

i.r! +pr=x2
According to Brewster’s law, condition is
tan i, = W = 1.5
Angle of incidence /= tan™' (1.5)
{Polarising angle) i, =357°
This is Brewster s angle (Polarising angle) for air to glass
interface.

25. Discuss the intensity of transmitted light when a
polaroid sheet is rotated between two crossed polaroids?
Sol. Let f, be the intensity of polarised light afier passing
through the first polariser P . Then the intensity of light
after passing through second polarised P, will be
I =1, cos™,
L]

Let £, be the polaride sheet rotated between P and P,
Let so0 be intensity of unpolarised light incident on polaride
P, the outcoming intensity will after P, will be
I, = 12

Let at a moment angle between polariser £, and P, is 8.
The outcoming intensity will be

I,=1 :m=a=f~2‘lwsfﬂ

As the angle between polariser P, and P, is /2 and angle
between £, and £, is 6. So the angle between P, and P,
i.! [ﬂl'll H"

Outcoming intensity afier P, is
/= leos® (ni2 - @)

! : .
L.=-Leos"Bsm B

bel:
=2
r 2
or [, = L Li 4in 2{!:|
212
Maximum outcoming intensity is received, when 8 = /4
Ifj = i [l | = h

212) %
Minimum outcoming intensity is received, when 8 = /2

=t
I =3[0]=0

26. What speed should a galaxy move with respect to us
so that the sodium line at 589.0 nm is observed at 589.6
nm?

Sol. AJ, = 589.6 — 589.0 = + (.6 nm

We know Ak = -
[

or vE4e| =

5890
Therefore, the galaxy 1s moving away from us.

J=+3_nﬁxlu" ms ' = 306 km's
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27. For sound waves, the Doppler formula for frequency ' [u + vﬂ}
W=yl —

shift differs slightly between the two situations : (1) =

source at rest; observer moving, and (i) source moving: (ii) observer at rest, source moving
observer at rest. The exact Doppler formulas for the | e
case of light waves in vacuum are, however, strictly u'= UL"’:‘: = J

4]

identical for these situations. Explain why this should
be so. Would you expect the formulas to be strictly
identical for the two situations in case of light travelling

The two formulas are different because motion of the
observer relative to the medium s different in the two
situations for light waves in vacuum, no such relative

in a medium? relation of observer and medium exist.
Sol. Sound waves require 8 medium for propagation. Hence only the relative motion between the source and the
The Doppler formula for frequency shift differs slightly in observer counts and the frequency shift formula is same.
two situations v
: ; v'=ullt—
(i) source at rest, observer moving c
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