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1 0 Wave Optics

C Fastraclk Revision )

> Wavefront: A wavefront is defined as a surface of
constant phase. It Is the locus of points having the same
phase of oscillatlon.
» Rays: Rays are the lines perpendicular to the wavefront,
which show the directian of propagation of energy.
» Time Taken: The time taken For light to travel from one
wavefront to another is the same along any ray.
» Huygens' Principle
> According to Huygens, each point on the given
wavefront (called primary wavefrant) acts as a fresh
source of new disturbance, called secondary wavelet,
which travels in all directions with the veloclty of light
in the medium.

> A surface touching these secondary wavelets,
tangentially in the Forward direction at any instant
gives the new wavefront at that instant. This is called
secondary wavefront.

» Some Important Points Related to Huygens' Principle

» Huygens' principle or Huygens wave theory successfully
explains the phenomenaon of interference, diffraction
and polarisation.

> As, frequency v [=%) is a characteristic of the source,
therefore it remains the same as light travels from one
medium to another.

> The law of reflectlon (47 =4r) and the Snell's law
sini
of refractlon, (m=50“5tant]can be proved by

Huygens' principle.

> Relation between Frequency and Speed: The speed vof
awave |s glven by

A
Vo—o v
T

where, A Is the wavelength of the wave and T(= 1/v) is the
period of oscillations.
» Refraction and Reflection of Plane Wave using
Huygens' Principle
> Refraction of Plane Wave: A plane wave AB Is incident
at an angle / on the surface PP’ separating medium 1
and medium 2 as shown in figure.

Incldent wavefront

A
Vit
V!
p Medium 1 P’
A &
Medium 2 i
¢ Refracted
S wavefront

The plane wave undergoes refraction and CE represents
the refracted wavefront. The Ffigure corresponds to
V; < v, so that the refracted waves bends towards the
normal

If we consider the triangles ABC and AEC, we readily obtain

, BC vt
sini=—=—
AC AC ..(1)
and sinre AE a2t
AC  AC .(2)
From eqs. (1) and (2),
sin/ vy
S 1 ..(3
sinr v, &)

If c represents the speed of light in vacuum, then I _£

Vy
and n, = 2,
L
. From eq. (3),

nysini=nysinr
This equation shows Snell's law of refraction.
» Reflection of Plane Wave: Reflection of a plane wave
AB by the reflecting surface MN. AB and CE represents
incident and reflected wavefronts in the Following figure:

Incident
wavefront
Reflected
wavefront

NI A. i r C N
AT R R TRV R AR

Consider the triangles EAC and BAC, they are congruent.
ie. AEAC = ABAC

; ZEAC= ZBACor/=r

L
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This proves the first law of reflection.

Also incldent rays, reflected rays and normal to them all

lie in the same plane. This gives second law of reflection.

> Superposition Principle

According to superposition principle, a particular point in

the medium, the resultant displacement produced by a

number of waves, is the vector sum of the displacements

produced by each of the waves.

ie. Yyttt

» Interference of Light Wave

When two light waves of exactly equal Frequency having

constant phase difference with respect to time travelled

in same direction and superimpose (overlap) with each
other, then intensity of resultant wave does not remain
uniform in space.

This phenomenon of formation of maximum intensity

at some points and minlmum intensity at some other

points by the two identical light waves travelling in same
direction is called the interference of light.

Depending on phase difference in superimposing waves,

interference is divided into two categories as follows:

» Constructive Interference: When the two waves meet
in same phase, Le. the intensity of light Is maximum, Is
called the constructive interference.

» Destructive Interference: When the two waves meet
in opposite phase, i.e. the intensity of light is minimum,
is called the destructive interference.

» Expression for Resultant Intensity in Interference of

Two Waves

» According to the superposition princple, when two
or mare wave mations travelling through a medium
superimpose one another, a new wave is formed in
which resultant displacement is due to the individual
v/aves at that instant.

» The average of the total intensity will be

I=1L+1;+2l; cosd
where, ¢ Is the inherent phase difference between
the two superimposing waves.

» The significance is that the intensity due to two sources
of light is not equal to the sum of Intensitles due to
each of them.

» The resultantIntensity depends onthe relative location
of the point from the two sources, since it changes the
path difference as we go from one point to another.

> As a result, the resulting intensity will vary between
maximum and minimum values, determined by the
maximum and minimum values of the cosine Function.
These will be

Inax, =+l + 21l = (I + [l
lnin, = b+l = 23Jll = (Jly = J12)?

» Coherent and Incoherent Sources

Light sources can be coherent or incoherent which are as

follows:

» Coherent Sources: Two sources of light which
continuously emlt Ught waves of same frequency with
a zero or constant phase difference between them are
called coherent sources.

» Incoherent Sources: Two sources of light which do not
emit light waves with a constant phase difference are
called incoherent sources.

» Young's Double Slit Experiment: Two parallel and very
close slits S, and S, (illuminated by another narrow slit)
behave like two coherent sources and produce a pattern of
dark and bright bands — interference fringes on a screen.

5
< p
}»"7 Ix
d ‘ZL
Ve 0 “y*<
S5 D

Gi

(b)

Young 's arrangement to produce Interference pattern
» For a polnt Pon the screen, the path difference

5,p-s,p=219
D

where, d is the separation between two slits, D is the
distance between the slits and the screen and y, Is the
distance of the polnt Pfrom the central fringe.

» For constructive Interference (bright band), the path
difference must be an integer multiple of 2, /e,

ilim nh or =ﬂ:
D Y1=7g
n=0,%1,+2,.
» For destructive interference (dark band), the path

difference is

y—d=[n+%]h ory =[n+%)—;n=0,i1.12

D d
» The separation Ay, between adjacent bright and dark
fringes Is,
D
W=

Using this A can be measured.

> For Young's double slit Interference experiment,

Fringe width, ﬁ:%

where, D is the distance between the slit and the screen,
dis the distance between the two slits.
> Sustained Interference of Light
> For sustalned interference of light to occur, the
fFollowing conditions must be met:

e Coherent sources of light are needed.

e Amplitudes and intensities must be nearly equal to
produce sufficlent contrast between maxima and
minima.

e Two sources must be very close to each other.

e The sources should emit light waves continuously.

e The sources must be monochromatlc.

» For Constructive Interference
e Phase difference: Ap =2nn, where nis an integer.
e Path difference: Ax= nl, where nls an Integer.

» For Destructive Interference

1
e Phase difference: A{)I(ﬂ +E]2Jt, where n Is an
integer.

e Pathdifference: Ax :[n+%]}\ .where nls aninteger.
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» Diffraction of Light: The phenomenon of bending of light
around the sharp corners and the spreading of light within
the geometrical shadow of the opaque obstacles Is called
diffraction of light.

>

9§

Diffraction due to Single Slit

e Angular width of the central maxima = —-

e Width of the central maxima = %

where, Dis the distance of the slit from the screen and
dls the slit width.
» Condition For the Minima on the either Side of the
Central Maxima

dsin® = nA, where n=1,2,3,....
» Relatlon between Phase Difference and Path Difference
2n
A =—AX
0 I

where, A¢ is the phase difference and Ax is the path
difference.

& Practice Exercise

Multiple choice Questions y)

Q1 Which of the following is correct for light diverging

Q2

Q3.

Q4.

Q5.

Qé.

Q7.

from a point source?

a. The intensity decreases in proportion for the
distance squared.

b. The wavefront Is parabolic

c. The intensity at the wavefront does not depend
on the distance.

d. None of the above

The refractive index of glass is 1.5 for light waves
of L = 6000 A in vacuum. Its wavelength in glass is:
a. 2000 A b. 4000 A

c. 1000 A d. 3000 A

The phenomena which is not explained by Huygens'
construction of wavefront:

a. reflection b. diffraction

c. refraction d. origin of spectra

A plane wave passes through a convex lens. The
geometrical shape of the wavefront that emerges
is:

a. plane

¢. converging spherical

b. diverging spherical
d. None of these
In a Young's double slit experiment, the path
difference at a certain point on the screen between
two interfering waves is 1/8th of the wavelength.
The ratio of intensity at this point to that at the
centre of a bright fringe is close to:

(CBSESQP 2022-23)
a. 0.80 b. 0.74
c. 0.94 d. 0.85

When interference of light takes place:

a. energy Is created In the reglon of maximum
intensity.

b. energy is destroyed in the reglon of maximum
intensity.

c. conservation of energy holds good and energy is
redlistributed.

d. conservation of energy does nat hold good.

Inthe case of light waves from two coherent sources
S; and S,, there will be constructive interference at
an arbitrary point P, if the path difference S,P —S,P
is:

QBe.

Q9.

Q10.

Q1L

a. [nﬁ.l);_ b. m.
2
1), d A
c |n-= :
3 z

In a Young's double slit experiment, the screen is
moved away from the plane of the slits. What will
be its effect on the following? (CBSE 2023)
(i) Angular separation of the fringes

(ii) Fringe-width

a. Both (i) and (ii) remain constant

b. (i) remains constant but (i) decreases

c. (i) remains constant but (ii) increases

d. Both (i) and (i) increase

In the Young's double slit experiment, the fringe
pattern as seen on the screen is:

a. parabola b. hyperbola

c. ellipse d. spiral

The light sources used in Young's double slit
experiment are:
a. incoherent

c. white light

b. caherent
d. blue-green-red light

In Young's double slit experiment, the slits are

horizontal. The intensity at a point P as shown in
.3

figure is zs'o.

Then the value of 0 is:

(Given the distance between the two slits S; and S,

is 24..)

where /; is the maximum intensity.

S1e<10 £
¢ =
2
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Ql2.

Qls.

Q14.

Q15.

Q16.

Q17.

Q18.

Q19.

Q 20.

Young's experiment is performed with light of
wavelength 6000 A wherein 16 fringes occupy a
certain region on the screen. If 24 fringes occupy
the same region with another light of wavelength
A, then A [s:

a.6000A b.4500A c. 5000A d 4000A

In Young's double slit experiment two disturbances
i

arriving at a point P have phase difference of 3
The intensity of this point expressed as a fraction
of maximum intensity [y is :

3

1 4 3
a. EIU b. EID c E"O d =/

4 O

In a Young's double slit experiment, the source is

white light. One of the holes is covered by a red

filter and another by a blue filter. In this case:

(NCERT EXEMPLAR)

a. there shall be alternate interference patterns of
red and blue

b. there shall be an interference pattern for red
distinct from that for blue

c. there shall be no interference fringes

d. there shall be an Interference pattern for red
mixing with one for blue

In an interference experiment, third bright fringe
is obtained at a point on the screen with a light
of 700 nm. What should be the wavelength of
the light source in order to obtain the fifth bright
fringe at the same point? (CBSE 2023)
a.420nm b.750nm c 630nm d. 500 nm

In a single-slit diffraction experiment, the width
of the slit is halved. The width of the central
maximum, in the diffraction pattern, will become:

(CBSE 2023)
a. half b. twice
c. four times d. one-fourth
A slit of width a is illuminated by white light. The
first minimum for red light (). = 6500 A) will fall at
0 = 30° when a will be :
a. 3200 A
€. 1.3 micron

b. 6.5 x 107" mm
d 26 x10™% cm

A parallel beam of light of wavelength 600 nm is
incident normally on a slit of width d. If the distance
between the slits and the screen is 0.8 m and the
distance of 2nd order maximum from the centre of
the screen is 15 mm. The width of the slit is :

a. 40 um b.80pm c 160pm d 200um
In single slit diffraction pattern:

a. central fringe has negligible width than others

b. all fringes are of same width

c. central fringes do not exIst

d. Nane of the above

In a single slit diffraction experiment, the width
of the slit is made double its original width. Then,
the central maxima on the diffraction pattern will
become :

a. narrower and fainter
c. broader and falnter

b. narrower and brighter
d. broader and brighter

'I Assertion & Reason Type Questions N

Directions (Q.Nos. 21-29): I[n the following questions,
a statement of Assertion (A) is followed by a statement of
Reason (R). Mark the correct choice as:

Q2L

Q22

Qa3

Q 24.

Q26.

Q 26.

Q7.

a. Bath Assertion (A) and Reason (R) are true and
Reasan (R) is the correct explanation of Assertion
(A).

b. Both Assertion (A) and Reason (R) are true but
Reason (R) is not the correct explanation of
Assertion (A).

. Assertion (A) is true but Reason (R) Is false.

d. Both Assertion (A) and Reason (R) are false.

Assertion (A): In Young's experiment, the fringe
width for dark fringes is different from that for
white fringes.

Reason (R): In Young's double slit experiment, the
fringes are performed with a source of white light,
then only black and bright fringes are observed.

Assertion (A): For best contrast between maxima
and minima in the interference pattern of Young's
double slit experiment, the intensity of light
emerging out of the two slits should be equal.
Reason (R): The intensity of interference pattern is
proportional to square of amplitude.

Assertion (A): In Young's double slit experiment,
the fringes become indistinct if one of the slit is
covered with cellophane paper (a thin transparent
sheet made of regenerated cellulose).

Reasan (R): The cellophane paper decreases the
wavelength of light.

Assertion (A): The fringe closest on either side
of the central white fringe in case of interference
pattern due to white light is red and the farthest
appears blue.

Reason (R): The interference patterns due to
different component colours of white light overlap.

Assertion (A): The film which appears bright in
reflected system will appear dark in the transmitted
light and vice-versa.

Reason (R): The conditions for film to appear bright
or dark in reflected light are just reverse to those in
the transmitted light.

Assertion (A): Thin films such as soap bubble or a
thin layer of oil on water show beautiful colours
when illuminated by white light.

Reason (R): It happens due to the interference of
light reflected from the upper surface of the thin
film.

Assertion (A): When a tiny circular obstacle is
placed in the path of light from some distance, a
bright spot is seen at the centre of shadow of the
obstacle.

Reason (R): Destructive interference occurs at the
centre of the shadow.

L
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Q 28.

Q29.

Fw

Assertion (A): Coloured spectrum is seen when we
look through a muslin cloth.
Reason (R): It is due to the diffraction of white light
on passing through fine slits.

Assertion (A): If we look clearly at the shadow
cast by an opaque object, close to the region of
geometrical shadow, alternate dark and bright
regions can be seen.

Reason (R): This happens due to the phenomenon
of interference.

-€) Fill in the Blanks type Questions N

Q30.

Q3L
Q32

Q33.

| Answers]

(a) The intensity decreases in proportion for the
distance squared.
(b) 4000 A
Xy

c
We know, p=—=—
VoA

v

= 4000 A

97
(d) origin of spectra
(c) converging spherical
(d) 0.85
In Young's double slit experiment, the relation
between path difference and phase difference is
given by,

A, _6000
15

25 = 2E xax
A
Ab = phase difference
Ax = path difference
A = wavelength

When path difference = 4/8

where,

Phase difference, A8 =2—;><

A_RE
8 4

A T
Intensity. [ =1, Cosz(?} =l one (ﬁ]

T
1+cos—

9 2

(- cos 20 = 2050 — 1)

1+
|2

b

- 085 |,

(c) conservation of energy holds good and energy is
redistributed

(b) nx

Constructive interference occurs when the path

difference (5,P - 5,P) Is an integral multiple of 2,

ie, 5P - SZP = A

where a=0.12.3 ...

(c) (i) remalns constant but (i) increases.

(b) hyperbola

10.
1.

12

13.

Wavefront is the locus of all points, where the
particles of the medium vibrate with the same

In Young's double slit experiment with mono-
chromatic light, the central fringe will be...............
Inthe phenomenon of .............. .energyis conserved
but it is redistributed.

.............. of light occurs when size of the obstacle
of aperture is comparable to wavelength of light.

(b) coherent

(a) cos™ (%]

l ;
Here. E = (given)
2(¢_3 - 2{ ¢
= CO0s (EJ:Z [ =, cos (5]]
o} \@ s
—_— — (] 6[]0 o —
ar cos 595 or ¢ 3
Phase difference, ¢ = =Ly pathdifference
dx
a2
Sy ¥
< 5 2
2k
From the figure, path difference
dcos 0= 2 cos 0 (~d=22)
I s 2).C058
3 X
cos 0 .
12

(d) 4000 A
We know.  ml, =k,
L 5

— 2 = —

o

16 x 5000 A

W —_— W QDDDA
24
3

(d) Z"{]

The resultant intensity, =, COSZ%

Here. [ Is the maximum Intensity and ¢ =

w|=

& 3
Jud pastlar—=l=f poete =]
0 5[3x2] 0™ g g0

L
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14.

15.

16.
17.

18.

19.

(c) there shall be no Interference fringes.

The light from two slits of Young's double slit
experiment Is of different colours/wavelengths/
frequencles. Hence. there shall be no interference
fringes.
(a) 420 nm
Given. » =700 nm
| We know that. position of nth bright fringe
—nAD
Y =

_ 3x700xD 21000
For 3rd bright fringe Y3 = d =

The 5th bright fringe due to light of wavelength »'
is formed at 5.

Ys @ Y3
5xA'0 21000
or =
d d
5= 2100
A :@ﬂ;z{] nm
5
(b) twice

(c) 1.3 micron

Far fAirst minlmum. o sin 8 = 1
L 65x1077
T 5in®  sin30°
=13 x 1077 = 1.3 micron

(b) 80 um
Distance of 2nd order maximum fram the centre of
the screen
(.50
2 d
Here.,D=08m.x=15mm=15x10" m
=600 nm =600 x 107 m

45 D _5 08x600x10~
2 x 2 15x107
(d) None of the abave.
The following diagram shows a single slit diffraction
pattern.

=80pum

Single slit

Intensity pattern

As, it is clear from above diagram. in single slit
diffraction, the central fringe has maximum intensity
and has width double than other fringes.

20.

21.

22.

23

24,

25.

(a) When the width of the slit become double le.
d = 2d. then the central maxima on the diffraction
pattern will become narrower and falnter.

Width of central maxima.

2DA
="
As, we increase d to 2d, p become B/2.
So, it becomes narrower and fainter.
(d) In Young's experiments fringe width for dark
and white fringes are same while in Young's double
slit experiment when a white light as a source Is
used. the central fringe is white around which few

coloured fringes are observed on either side.

(b) When Intensity of light emerging from two slits Is
equal. the Intensity at minima lin = (Jf; ~ \(g)z =
or absolute dark.

It provides a better contrast.

(c) When one of slits Is covered with cellophane
paper. the Intensity of light emerging from the slit
is decreased (because this medium is translucent).
Now the two interfering beam have different
intensities or amplitudes. Hence Intensity at minima
will not be zero and fringes will become indistinct.
(b) The interference patterns due to different
component colours of white Ught overlapincoherently.

G

>Z

The central bright fringes for different colours are
at the same position. Therefore. the central fringe Is

i
white. For a point P at which 5,P —S,P -:TD. where

ks = 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

A
away where 5,Q - 5,Q = 2, =—2f— where 2,= 8000 A

Is the wavelength for the red colour. the fringe will

be predominantly blue. Thus, the fringe closest on
elther side of the central white fringe Is red and the

farthest will appear blue.

(a) For reflected system of the film, the maxima or
(2n - DA
2
while the maxima for transmitted system of film Is

constructive Interference is 2utcosr =

given by equation 2pt cos r« nA, where tis thickness

of the film and ris angle of reflection.

From these two equations, we can see that condition
for maxima in reflected system and transmitted
system are just opposite.

L
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26. (¢) The beautlful colours are seen on account of
interference of light reflected from the upper and
the lower surfaces of the thin films.

27. () As the waves diffracted from the edges of
circular obstacle. placed in the path of Ught Interfere
constructively at the centre of the shadow resulting
in the formation of a bright spot.

2B. (a) Itis quite clear that the caloured spectrum Is seen
due to diffraction of white light on passing through
fine slits made by fine threads in the muslin cloth.

29. (c) This happens due to the phenomenon of
diffraction. It Is a general characterlstics exhiblted by
all types of waves, sound waves. light waves, water
waves or matter waves.

30. phase 31. bright
32. interference 33. Diffraction

@Q Case Study Based Questions

Case Study 1

Jimmy and Johnny both were creating a series
of circular waves while fishing in the water. The
waves form a pattern similar to the diagram as
shown. Their friend, Anita, advised Jimmy and
Johnny not to play with water for a long time.
She then observed beautiful patterns of ripples
which became very colourful. When her friend
Lata poured an oil drop on it. Lata, a 12th standard
girl, had explained the cause for colourful ripple
patterns to Anita earlier.

Whinnguor g croat

colndidas with a

trough. the walor
surlooo lo Aotieng

e crasl—a crag!
—_ COiCitE Wik o cragl
S Flutionod roglon-a crost
| calngdoo with o baugh

Read the given passage carefully and give the
answer of the following questions:

QL Name the phenomenon involved in the activity :
a. reflection b. refraction
c. interference d. polarisation

Q 2. Asurface over which an optical wave has a constant
phase is called :
a. wave b. wavefront
c. elasticity d. None of these

Q 3. Which of the following is correct for light diverging
from a point source ?

a. The intensity decreases in proportion for the
distance squared.

b. The wavefront is parabolic

c The intensity at the wavelength does not depend
an the distance.

d. None of the above

Q4. Huygens' concept of secondary wave :
a. allows us to find the focal length of a thick lens
b. Is a geometrical method to find a wavefrant
c. is used to determine the velocity of light
d. is used to explain polarisation

| Answers '| .
1. (¢) interference
. (b) wavefront
A wavefront is the locus of points having the
same phase of oscillatian.

N

w

. (2) The intensity decreases in proportion for the
distance squared.

4. (b) is a geometrical method to find a wavefront

Case Study 2

Geeta was watching her favourite TV
programme KBC. Suddenly the picture started
shaking on the TV screen. She asked her
elder brother to check the dish antenna. Her
brother found nothing wrong with the antenna.
Alittle later, Geeta again noticed the same problem
on the TV screen. At the same time, she heard the
sound of a low flying aircraft passing over their
house. She asked her brother again. Her brother
being a Physics student explained the cause of
shaking the picture on the TV screen when aircraft
passes over head.

Read the given passage carefully and give the
answer of the following questions:

Q1. Why does the picture started shaking when a low
flying aircraft passes overhead?
a. Due to Interference b. Due to reflection
c. Due to refraction d. Due to polarisation
Q2. The main principle used in interference is ..............
a. Heisenberg's Uncertainty Principle
b. Superposition Princlple
c. Quantum Mechanics
d. Fermi Principle
Q3. When two waves of same amplitude add
constructively, the intensity becomes :
a. double b. half
c. four times d. one-fourth

L
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Q4.

The shape of the fringes observed in interference is:
a.stralght  b. drcular ¢ hyperbolic d. ellptical

[ l "
Answers
1. (a) Due to Interference
2. (b) Superposition Principle

Interference Is based on superposition principle.
3. (¢) four times.

< A2

4, (c) hyperbolic
Fringes abserved in interference Is hyperbolic.

Case Study 3

QL

Q2

Q3.

Q4.

Rohan observed a thin film such as soap bubble or
a thin layer of oil on water show beautiful colours

when illuminated by white light. He felt happy
and surprised to see that. He went to his Physics
teacher to understand the reason behind it. The
teacher explained him that a thin film of oil spread
over water shows interference of light due to
interference between the light waves reflected by
the lower and upper surface of the thin film. On
understanding the phenomenon, Rohan then gave
an example of thin film of kerosene oil which is
spread over waler to prevent malaria and dengue.

Read the given passage carefully and give the
answer of the following questions:

If instead of monochromatic light, white light is

used for interference of light, what would be the

change in the observation?

a. The pattern will not be visible.

b. The shape of the pattern will change from
hyperbolic to circular.

c. Coloured fringes will be observed with a white
bright fringe at the centre.

d. The bright and dark fringes will change position

Zero order fringe can be identified using:

a. white light b. yellow light
c. achromatic Ught d. monochromatic Ught

The interference pattern of soap bubble changes
continuously.

a. True b. False

c. Neither a. nor b. d. Both a. and b.

A thin sheet of refractive index 1.5 and thickness
1 cm is placed in the path of light. What is the path
difference observed?

a.0003m b 0004m c 0005m d 0.006m

I Kaaaicas |

Answers |

1. (c) Coloured fringes will be observed with a
v/hite bright fringe at the centre.

2. (a) white light 3. (a) True
4, (c) 0.005m
Given, p=15

Thickness t=1cm =0.01m
. Path difference = (u = 1)t = (15 =1) x 0.01
=05x001=0005m

Case Study 4

QL

Qe

3.

Q4.

Interference is based on the superposition
principle. According to this principle, at a
particular point in the medium, the resultant
displacement produced by a number of waves is
the vector sum of the displacements produced by
each of the waves.

[f two sodium lamps illuminate two pinholes S, and

S,, the intensities goqiym Lamp

will add up and no gl
interference fringes =
will be observed on

the screen. 752
Here the source Sodium Lamp

undergoes  abrupt Screen

phase change in times of the order of 10-10
seconds.

Read the given passage carefully and give the
answer of the following questions:

Two coherent sources of intensity 10 W/'m2 and
25 W/m? interfere to form fringes. Find the ratio of
maximum intensity to minimum intensity.

What is the maximum number of possible interference
maxima for slit separation equal to twice the
wavelength in Young's double-slit experiment?
What is the resultant amplitude of a vibrating
particle by the superposition of the two waves

y; =asin (mt + 3)and Yy =asin at?

Interference is based on which principle?
LA |

nswers |

Glven /, = 10 W/m? and L=25 w/m?
L of of a
L P (T

L o2 25 o2 6 5

or 0= 3%02 063240,

|- (a] ! 02)2 (06324 a, +a,)?
min (g, —02)2 (063240, - 02]

2
{0 63240, ]

_( 16324
[0632-’402 ]2 -0.3676

2
] =19.724

L

o
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2

4.

The condition for possible Interference maxima on

the screen Is, dsind = ni

where dIs slit separation and % Is the wavelength.

As d= 2X (given)

2).5In 0 = n.

or 2sin0=n

For number of interference maxima to be maximum,
sind el

i n=2

The Interference maxima will be formed when

ne0 £1,+2
Hence, the maximum number of possible maxima
is 5.

Given, y,=a sin[mt + %}and Yy =asinot

Resultant ampltude.

A= J012 F O% +20102 Cos ¢, Where@ =% and
0]= 02= a

:J 21.024-2001:05%:\50

Superposition principle.

Case Study 5

QL

Q2.
Q3.

Diffraction of light is bending of light around the
commers of an object whose size is comparable
with the wavelength of light. Diffraction actually
defines the limits of ray optics. This limit for
optical instruments is set by the wavelength of
light. An experimental arrangement is set up to
observe the diffraction pattern due to a single slit.

Read the given passage carefully and give the
answer of the following questions:

How will the width of central maxima be affected if
the wavelength of light is increased?

Under what condition is the first minima obtained?
Write two points of difference between interference
and diffraction patterns.
Or

Two students are separated by a 7 m partition
wall in a room 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? (CBSE2023)

Answers |'
The width of the central maxima Is directly
proportional to the wavelength. therefore if the
wavelength of light is increased. then width of
central maxima also Increases.

Conditlon for first minima due to a single sl
asin®=2Xx

where. a = width of sl

= Difference between Interference
and Diffraction Pattern
S. | Basls of Interference Diffraction
No. | Difference Pattern Pattern
1. | Fringe Fringe width is| Fringe width varies.
width constant.
2. | Source of | Fringes are | Fringes are
fringes obtained with the | obtained with the
coherent light [ monochromatic
coming fram two | Ught coming from
slits. single slit.
Or

Bending of waves by obstacles by a large angle is
posslble when the size of the obstacle is comparable
to the wavelength of the waves. On the one hand, the
wavelength of light waves Is too small in comparison
to the size of the obstacle. Thus, the diffraction angle
will be very small Hence, the students are unable
to see each other. On the other hand. the size of the
wall is comparable to the wavelength of the sound
waves. Thus. the bending of waves takes place at a
large angle. Hence. the students are able to hear each
other.

‘@’ \Iery Short Answer Type Questions N)

QL Sketch the wavefront that will emerge from a

Ans.

Q 2. Sketch the wavefront that will emerge from a linear

Ans.

Q3.

Ans.

distance source of light like a star.

Ray

|~

Plang wavefronts

source of light like a slit.
A
Ray

Spherical
wavefront

p

Sketch the shape of wavefront emerging/diverging
from a point source of light and also mark the rays.

Ray
P

Cylindrical =
S

vriavelronts \
\

L

L L o s s o
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G- TiP:
T Practice plane wavefront, spherical wavefront and
T cylindrical wavefrant.

Q4. Sketch the refracted wavefront emerging from a
convex lens, if plane wavefront is incldent normally
onit. (CBSE 20186, 15)

Ans. L

Ref-racted

; wavefron
Incident RuEmont

viavefront

Q5. Sketch the refracted wavefront emerging from
a concave lens, if plane wavefront is incident
normally on it.

Ans.

¥

Incident

4
wavefront Refracted

wavefront

Q 6. Sketch the refracted wavefront emerging from a

prism, if plane wavefront is incident normally on it.
Ans.

' i)
1! [Refracted

|
|
T
1
1
JI )l ! wavefront
|
1
I
1
I
I

-

Incident Loy
wavalront

Q7. What is the phase difference between two points
on the same wavefront?

Ans. Phase difference between two polnts on the same
wavefront is zera.

Q8. Can Huygens' theory explain the photoelectric
effect ?

Ans. No,Huygens' theory cannot explain the photoelectric
effect.

Q 9. When a wave undergoes reflection at an interface
from rarer to denser medium, what is the adhoc
change in its phase ? (CBSE 2020)

Ans. The adhoc change in its phase is n.

Q10. Two coherent monochromatic light beams of
intensities / and 4/ superimpose. What will be the
maximum and minimum intensities?

SolL lnax = h 1—f2 +2,U|J'2
=[+4l+2,/1=4] =9/

"min:"I -'"l2_2 Ir112
al+4l-2\Ix4] =1

Q11. The ratio of intensities of two waves is 1:25, what
is the ratio of their amplitudes ?

Sol Ratio of amplitudes = J% :l =15

Q12. What should be the order of the size of obstacle/
aperture for observing diffraction of light?

Ans. |t should be of the order of the wavelength of light
used.

'@/ Short Answer Type-| Questions N}

QL Define wavefront of a travelling wave. Using
Huygens' principle, obtain the law of refraction at
a plane interface when light passes from denser to
rarer medium. (CBSE 2020)
Ans. Wavefront: The locus of all those particles which
are vibrating In the same phase at any Instant Is
called wavefront. Thus. a wavefront Is a surface of
constant phase.
Laws of refraction on the basis of Huygens wave
theory: Consider a plane wavefront AB incident on a
plane surface XY. separating two media 1and 2. as
shown In figure.

Inadent
wavelront

S

e

[
[
I
i
1
[
1
1

Rarer-v)
C Denser-vy

Refracted wavefront

Let v, and v; be the velocities of light in two media.
with v; < vy

The wavefront first strikes at point A and then at the
successive points towards C. According to Huygens'
principle. from each point on AC, the secondary
wavelets starts growing In the second medium with
speed v;,. Let the disturbance takes time t to travel
from B to C, then BC = wit.

During the time the disturbance from B reaches the
point C. the secondary wavelets from point A must
have spread over a hemisphere of radius AD = v,t
In the second medlum. The tangent plane CD drawn
from point C over this hemisphere of radius v;t will
be the new refracted wavefront.

Let the angles of incidence and refraction be /and r.
respectively.

L

L L o s s o
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ERRQOR +

From right angle AABC. we have.

sin ZBAC =sinf=— BC
AC

From right angle AADC. we have,

sln.éDCA=sinr=£

AC

sini  BC vt

sinr  AD vyt
sini W,

or = phy
sinr v,

This proves Snell's law of refraction.

Further, since the incident ray SA, the narmal AN and
the refracted ray AD are respectively perpendicular
to the incident wavefront AB, the dividing surface XY
and the refracted wavefront CD, all perpendicular
to the plane of the paper, therefore, they lie in
the plane of the paper, ie. in the same plane. This
proves another law of refraction.

Students often misunderstand the question as reflection
instead of refraction or vice-versa.

Qa.

Ans.

Q3.

Ans.

G- TiP:

T Learn definition of wavefront by heart.

Sketch the reflected wavefront emerging from
a (i) concave mirror, (ii) convex mirror, if plane
wavefront is incident normally on it.  (CBSE2015)

(1) Reflected wavefront from a concave mirror:

"
- -
___—'-""/

Reflected
wavefront

1
Incident wavefrant

(ii) Reflected wavefront from a convex mirrar:
] 1
I 1
L
1 1
I 1

B —

I I
| I
I I
| i
T T

1 I
Incident wavefront m;ed wavefront

Define wavefront. How is it different from a ray ?
(CBSE2017, 16, 15)
Wavefront: Continuous locus of all the particles
of a medium vibrating in the same phase Is called
wavefrant .
Difference from a ray:
(i) Arayis always normal to the wavefront at each
paint.
(1) A ray gives the direction of propagation of light
wave while the wavefront is the surface of

canstant Ehase.

Q4.

State Huygens’ Principle. (CBSE 2016, 15)

Ans. Huygens' Principle:

COMMON

(1) Each point an the wavefrant acts as a fresh
source of new disturbance. called secondary
wavelets, which spreads out in all directions
with the same velocity as that of the original
wave.

(I) The forward envelope of these secondary
wavelets drawn at any instant. gives the shape
and poslition of new wavefront at the instant.

A A Al
I/’ "‘\
flb
L Vi
A
1L, =1
:“20
LY

>|< S e 4—:55“»«)»

Propagation }”

¥ of (3’

light wave |><f-/
e
149
re ’
I S
B, B8 B,

Many students farget to write all paints of Huygens'
principle.

Qs.

SolL

Q6.

A narrow slit is illuminated by a parallel beam
of monochromatic light of wavelength . equals
to 6000 A and the angular width of the central
maxima in the resulting diffraction pattern Is
measured. When the slit is next illuminated by
light of wavelength ).', the angular width decreases
by 30%. Calculate the value of the wavelength '.
(CBSESQP2022-23)
We know. angular width, 26 = 22/d
Glven. 1 =6000A
In case of new wavelength (assumed A' here).
angular width decreases by 30%.

100-30
= 2= Z=ilomr g
( T )20 0.70(26)

%ﬁD?Ux(Zlfd)

A'=4200 A
A narrow monochromatic beam of light of intensity
| is incident on a glass plate
as shown in the figure. Another
identical glass plate is kept close to
the first one and parallel to it. Each /
glass plate reflects 25 per cent of
the light incident on it and transmits
the remaining. Find the ratio of
the minimum and the maximum 12
intensities in the interference pattern formed by
the two beams obtained after one reflection at
each plate.

L

L L o s s o
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SolL

Q7.

Sol

Q8.

Sol

As it Is clear from the figure, the Intensitles of the
two reflected beams will be I/4 and 91/64.

Now. Lo = K0+ 65)°
%

r 7
30T s
=K| S BJ =

64 1116
5 5 1/4 = S
I 3l K
and ’l'l"l]ﬂ:K ?—?} :a. - —3”4
bon _ 1164 1.
lnax 991/64
In  Young's double slit experiment using

monochromatic light of wavelength 4, the intensity
at a point on the screen where path difference is 2,
is K units. What is the intensity of light at a point
where path difference is A/3 ? (NCERT EXERCISE)
If two waves of intensities [, and /; having phase
difference ¢ travelling In the same direction
superpose upon each other. then resultant intensity
after superposltian is glven by.

Il +15+2 fljy cos
Tf .r} =7 ’2 = Iﬂ. then

I=215(1+cos¢)=41, 5052%

When path difference is A the phase difference

is 2.
: (given) ...(1)

When path difference. Ax % the phase difference
is given by,

=4 lgcos®n=big=K

d)’:._'AXEEXE:.,—;.z._TE
A A3 3

I'= 41y cos? 2 (since K=4 I)

1Y K
- s
Find the intensity at a point on a screen in Young’s
double slit experiment where the interfering waves
of equal intensity have a path difference of (i) A/4,

(
:Kcoszﬁszl
3

and (ii) A/3. (CBSE2017)
We know that. =1y cos? %
A
(I) If path difference ~a
27{ 32_1.[ iLE.EE
Ap=—xAx = Ab Ry
Also, I=4l, cos? 2 =4l cos? L 2Iq
2 4
. i A 2n A Zn
ii) If path difference. Ax =— m i —wm
(ii) If path df 5 Bpw xS

2 A 5( 2x
| = 4l cos > =4ly cos {m)g,fn

Q9.

Ans.

Q10.

SoL

QL

Sol

Draw the graph showing intensity distribution of
fringes with phase angle due to diffraction through
single slit.

Plot of Intensity distribution of diffraction with
proper labelling.

N

IﬂlLlDt

—éx —2Irt - 9] s i 2;: 3=

A slit of width 'a’ is illuminated by red light of

wavelength 6500A. For what value of ‘a’will be :

(i) the first minimum fall at an angle of diffraction
of 30°.

(i) the first maximum fall at an angle of diffraction

of 30°. "
Given, A= 6500 A = 6500 % 10” °m

(i) We know. asin 6, = &
A _6500x107°
" sin 8, ~ sin30°

_6500x107"0
12

=13x10"m
(ii) We know, a sin 8, = 33/2

oo 3% _3x6500x107"
2sin @, 2xsin30°

=2x6500x%107"°

_3x6500x107°
2x1/2

= 3Ix6500x 10710

=195x10" 8m

The wavelengths of two sodium lights of 590 nm and
596 nm are used in turn to study the d'rffracg‘on
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
position of first maxima of the diffraction pattern
observed in the two cases. (CBSE2017)

Given.  A=590nm=590x10"m.
A =596 nm =596 x 107°m.
Dwl5m, a=2x10°m, Vo= VYye?

TiP

First maxima, y1=£.
2a
3D
YW= %("2 ~)
a3X15 (5561079 ~590x10°9)
2x2x107®
_3x15x6x10°3

X =6.75x10"3m

L
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Ql2.

Ans.

Ql3.

Ans.

State Huygens' principle. How did Huygens' explain
the absence of the backwave? (CBSE 2023)
Huygens' principle states that. each point on the gjven

wavefront, called primary wavefront acts as a fresh

source of new disturbance. called secondary wavelet

which travels In all directlons with velocity of Ught in the

mediurm.

Huygens' argued that the amplitude of the secondary
wavelets is maximum in the forward direction and
zero in the backward direction, by making this adhoc
assumption. He could explain the absence of the
backwave.

Use Huygens' principle to show reflection/refraction
of a plane wave by (i) concave mirror and (ii) a convex
lens?

(I) By a concave mirror.

s B -

P > >——~-" Refracted
Incident 53 ~& wavefront
wavalront =2 5

Q - 5

Rﬂ ‘(u

R —»>- S

T T
¥

() By a converging lens

X
P > S i . Refracted
Incident ¥- wavelront
wavafront P
Py P
Q 5 5 - Q
R
R »- ;_ ot T
! Y

*@' Short Answer Type-Il Questions N

QL Define the term wavefront. Using Huygens' wave

Ans.

theory, verify the laws of reflection. (C8SE2023, 24)
Wavefront: The locus of all those particles which

are vibrating in the same phase at any instant s

called wavefront. Thus, a wavefront is a surface of

constant phase.

Laws of reflection on the basis of Huygens' wave
theory: Consider a plane wavefront AB incident on
the reflecting surface XY, both the wavefront and
the reflecting surface being perpendicular to the
plane of paper. It is shown in the following figure:

Incident Reflected
wavefron : | l . wavefront
N’

I
I
I
I
I
I
Lr

X

First the wavefront touches the reflecting surface
at B and then at the successive points towards C. In

Q2.

Ans.

accordance with Huygens' principle. from each point
on BC. secondary wavelets start growing with the
speed 'c.

During this time the disturbance from A reaches
the point C. the secondary wavelets from B
must have spread over a hemisphere of radius
BD = AC = ct. where 't Is the time taken by the
disturbance to travel from A to C. The tangent plane,
CD drawn from the point C over this hemisphere of
radius ct will be the new reflected wavefront.

Let angles of Incldence and reflectlon be / and r.
respectively.

In AABC and ADCB. we have

ZBAC » £CDB (each is 90°)
BC=BC (common side)
CA=8D (equal to ct)
AABC = ADCB
Hence. ~ZABC= ~D(B
or Ll=Zr

Le. the angle of Incldence Is equal to the angle of
reflection. This proves the first law of reflection.
Further. since the incident ray SB. the normal BN and
the reflected ray BD are perpendicular respectively
to the incldent wavefront AB. the reflecting surface
XY and the reflected wavefrant CD. all of which are
perpendicular to the plane of the paper, therefore,
they lle In the plane of the paper. le. in the same
plane. This proves the second law of reflection.

A plane wavefront propagating in a medium of
refractive index 'y, is incident on a plane surface
making an angle of incidence (i). It enters into
a medium of refractive index p, (u, > p4). Use
Huygens' construction of secondary wavelets to
trace the refracted wavefront. Hence, verify Snell’s
law of refraction. (CBSE 2023)
Snell's law of refraction : Let PP’ represents the
surface separating medium 1 and medium 2 as
shown In figure.

Incident
wavafront

(Rarer)

Medium 1 (v,)

P P’
AR >7'C Nedium 2 (v,)
(Denser)
E “— Refracted weavefront
E

Let v; and v, represent the speed of light in medium
1 and medium 2. respectively. We assume a plane
wavefrant AB prapagating In the direction A’Aincident
on the interface at an angle i Let t be the time taken
by the wavefront to travel the distance BC.

. BC=v, t - distance = speed x time)

In order to determine the shape of the refracted
wavefront, we draw a sphere, radius v;t from the
paoint A In the second medium (the speed of the
wave in second medium is v,). Let CE represents a
tangent plane drawn from the paint C.

Then AE = vyt

L
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.. CE would represents the refracted wavefront.
In AABC and AAEC, we have

v v,
sim‘:B—C-:——‘f‘w and sinre——

AC  AC
where. iand rare the angles of incident and refraction
respectively.
sini _ vt AC

sinr - AC v,t
sinl v,
sinr v,

If c represents the speed of light In vacuum, then

C C
].Li=v—al'1dj.l.2=—'

1 ¥

£ c
Vy=—andv, = —
H Wy

where. p, and p, are the refractive indices of medium
1and medium 2.

=

sini /i,
sinr c/p,
sini Hs

= sinr

= 5N de py sin e

This Is the Snell's law of refraction.

ERROOR
Students often make mistakes in the diagram. ]

Q3. Define wavefront. Draw the shape of refracted
wavefront when the plane incident wave undergoes
refraction from optically denser medium to rarer
medium. Hence, prove Snell's law of refraction.

(CBSE SQP 2022 Tarm-2)

Ans. Wavefront: |t is the locus of points (wavelets) having

the same phase (a surface of constant phase) of
osclillations.

Laws of Refraction (Snell's Law) at a Plane Surface:
Let 1. 2. 3 be the Incldent rays and 1. 2'. 3’ be the
corresponding refracted rays.

Incldent wavefront

N
Denser
medium

Medium 1
%
Medium 2

Rarer
medium

If v, v, are the speeds of light in the two media and
tis the time taken by light to go from Bto Cor A to

Dor Eto G through F. then

(_EF FG
Vl VZ
In A AFE, St
AF
In A FGC, ]
FC
N t:AF5|m+FC5|nr 0
Vi ¥ -
= tcAC5|nr+AF sini sinr
Va ViV

For rays of light from different parts on the
Incident wavefront. the values of AF are different.
But light from different points of the incident
wavefront should take the same time to reach the
corresponding points on the refracted wavefront.
So, t should not depend upaon AF. This Is paosslble

only, if
sini sinr _0
il 'V
2 sin =
sinr v ~(2)

This Is the Snell's law of refraction.

Q 4. Monochromatic light of wavelength 589 nm is
incident from air on a water surface. What are
wavelength, frequency and speed of (i) reflected
light, (ii) refracted light? The refractive index of
water is 1.33. (NCERT EXERCISE)

SoL (i) The reflected light travels in air. Hence. its

wavelength, frequency and speed are same as of
the incident light The wavelength is » = 589 nm.
The frequency Is

¢ 30x10% ms™
y=———
A 589x10%m
=509 x 10" s (Hz).
The speed of light invacuum (or roughly inair) is
3.0 x 109 ms™.

(i) The refracted light travels in water. The
frequency of light, being independent of the
medium, is same as in air, that is

v="509x 10" Hz.
According to wave theory. the speed of light in
water Is

n 133

=226x10%ms™".
Now, the wavelength of light In water is

v 226x108 ms™

LA

v 509x10% g™

€. 3.0x108 ms™

o 0444 x 1078 m
= 4‘54 x ]0_9 m= 444 nm.

L
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Q5. (i)If one of two identical slits producing
interference in Young's experiment is covered
with glass, so that the light intensity passing
through it is reduced to 50%, find the ratio of
the maximum and minimum intensity of the
fringe in the interference pattern.

(ii) What kind of fringes do you expect to observe if
white light is used instead of monochromatic
light? (CBSE2018)

I ] 1
2550% s — e
| 5 = IZ 2f|

1

Sal (1) Glven,

Now. ratio of maximum and minimum Intensity is
given as.

min

f— uz H(\m_ W12)?
_3+22
1-122  (2-12 3-242

3-2v2 | |3+242

__(3+2/2)
-(22)?

=17+ 1242

() when a white lUght source is used. the
interference  patterns due to different
component colours of white lght overlap
Incoherently. The central bright fringe for
different colours is at centre. So, central bright
fringe Is white. As Ly, < A fringe closest
on either side of central bright fringe is blue
and farthest Is red. After few fringes. no clear
pattern of fringes will be visible.

_(+1822 (241
(

3+2\/_] [3+2J_]

Q 6. Answer the following questions:

(i) In a double slit experiment using light of
wavelength 600 nm, the angular width of the
fringe formed on a distant screen is 0.1°. Find
the spacing between the two slits.

(i) Light of wavelength 500 A propagating in air
gets partly reflected from the surface of water.
How will the wavelengths and frequencies of
the reflected and refracted light be affected?

(CBSE2015)

Ans. (i) Angular width, Bm% or d m%

Here. . =600 nm=6x10""m

0.1n T
B:— I ]
180 1800

-7
d=w=3,z¢.xm—‘* m
T

rad. d=7?

Q

(i) Frequency of a Ught depends on its source only.
So. the frequencies of reflected and refracted

Lght will be same as that of Incident light

Reflected light is in the same medium (air) so.

its wavelength remalns same as 500 A.
Wavelength of refracted light. &, = A/,
where, p,, = refractive Index of water.

So. wavelength of refracted wave will be

decreased.

7. Draw the

patterns.

intensity pattern for double
interference and single slit diffraction. Hence, state
differences between interference and diffraction

Ans. Intensity Pattern:

T 178

Principal
s maximum
L1 LEl [ B |
FJA=ZA=TA 0N 1A 20 3A 2% -
Interference fringe pattern -5 Me 0 Ne =

Diffraction fringe pattern

Difference between Interference and Diffraction

slit

':;‘ Diﬂfizt‘z:(f:e Interference Diffraction

1. | Fringe Fringe width Is| Fringe width
width constant varies.

2. | Source Fringes are | Fringes are
of obtalned with the | obtained with the
fringes coherent light | monochromatic

coming from two | Ught coming from
slits. single slit.

3. |Dependency | It depends upon | It depends
the distance | upon the
between two | aperture of single
openings. slit opening.

4. | Visibility Many fringes are | Fewer fringes are
visible. visible.

5. | Brightness | All fringes are of | Central fringe
same brightness. | has maxdimum

brightness so. it
reduces gradually.

6 |SUtor Not required Required
Obstacle

TiP:

The diagrams of the interference and the diffraction
should be carefully observed.

L
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Q8. In a single slit diffraction experiment, light of
wavelength % illuminates the slit of width 'a’ and
the diffraction pattern is observed on a screen.

(i) Show the intensity distribution in the pattern
with the angular position 0.
(i) How are the intensity and angular width of
central maxima affected when:
(a) width of slit is increased and
(b) separation between slit and screen is
decreased? (CBSE2020)

Ans. (I) The intensity distribution in the pattern with the

angular position 6 Is glven below:

A
Intensity
5% =3 = } 3 2x g
3> %
0
(ii) (8) Intensity increases and angular width
decreases.
(b) Intensity increases but no effect on angular
width.

Q9. (i) "If the slits in Young's double slit experiment
are identical, then intensity at any point an the
screen may vary between zero and four times
to the intensity due to single slit".

Justify the above statement through a relevant
mathematical expression.

(ii) Draw the intensity distribution as function of
phase angle when diffraction of light takes place
through coherently illuminated single slit.

Ans. (i) The total Intensity at a point where the phase
difference is ¢ is given by

l=l+15+2l,]5cos ¢
where. |, and [, are the Intensities of two

individual sources which are equal

ly=1,and¢=0
I'=1+h+2h5cos0°

=4l

= four times the Intensity due to single slit
Thus. Intensity on the screen varles between
41, and 0.

(ii) Intensity distribution as function of phase angle.
when diffraction of lUght takes place through
coherently illuminated single slit. is as shown in
figure below.

e e W0 O

f t
L e A2 3R 4
a a

a a a

‘f Lung Answer Type Questions A]

QL (i) Define a wavefront. How is it different from a
ray?

(ii) Using Huygens' construction of secondary
wavelets draw a diagram showing the passage
of a plane wavefront from a denser to a rarer
medium. Using it verify Snell's law.

(iii) In a double slit experiment using light of
wavelength 600 nm and the angular width of
the fringe formed on a distant screen is 0.1°.
Find the spacing between the two slits.

(iv) Write two differences between interference
pattern and diffraction pattern.

Ans. (i) Wavefront: Continuous locus of all the particles
of a medium vibrating in the same phase is called

wavefront .

Difference from a ray:

(a) Arayisalways normal to the wavefront at each
paint.

(b) A ray gives the direction of propagation of light
wave while the wavefront Is the surface of
constant phase.

(ii) In the diagram. AB Is incident plane wavefront
and CE is refracted wavefront.
sin i= BC/AC and sin r= AE/AC
sin i/ sin r=BC/AE = v/v; = constant.

This Is Snell's law.

Incident
wavafronl

Medium |
(Denser) -
Medium 11 A ry’ C
(Rarer)
Refracted
wavafront
. A 107
(i) e =a/aie. a= —=& =34x107*m
R
© 180
(lv) Difference between Interference and
Diffraction:
S. Basis of
Interf Diffracti
No. | Difference nrerterence action
1. | Fringe Fringe wlidth Is | Fringe width varles.
width constant.

L



2. | Source of | Fringes are | Fringes are
fringes obtained with the | obtained with the
coherent light | monochromatic
coming from two | light coming from
slits. single slit.
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Q2. (i) Explain two features to distinguish between
the interference pattern in Young's double
slit experiment with the diffraction pattern
obtained due to a single slit.

(ii) A monochromatic light of wavelength 500 nm
is incident normally on a single slit of width
0.2 mm to produce a diffraction pattern. Find
the angular width of the central maximum
obtained on the screen.

Estimate the number of fringes obtain in

Young's double slit experiment with fringe

width 0.5 mm, which can be accommodated

within the region of total angular spread of the
central maximum due to single slit. (cas£2017)
Ans. (i) The features to distinguish is given as:

(a) In Young's experiment, width of all the fringes
are equal but in diffraction fringes. width of
central fringe is twice the ather fringes.

(b) The intensity of all the fringes are equal in
interference fringe but intensity of fringes go
on decreasing In diffraction as we go away
from the central fringe.

(if) Glven. wavelength,

% =500 nm=500x10"?m

Width of single slit

d=02mm=02x10"?m
Angular width of central fringe =2 x%

_2x500x1077 10°®
02x103  2x10°°
1
200
Let distance between the slit and screen be 1 m.
Linear width of central fringe of single slit
=5x1073x10° MM =5 mm

© 5107 3 radian

Number of double slit fringe accommodated in
central fringe =%= 10 fringes.

Q3. (i) Consider two coherent sources S; and S,
producing monochromatic waves to produce
interference pattern. Let, the displacement
of the wave produced by S, be given by
¥y = a cos ot and the displacement by S, be
¥, = d cos (ot + ).

Find out the expression for the amplitude
of the resultant displacement at a point and

show that the intensity at that point will be
| = 4a? cos? b

Hence, establish the conditions for constructive
and destructive interference.

(i) What is the effect on the interference fringes
in Young's double slit experiment when (a) the
width of the source slit is increased; (b) the
monochromatic source is replaced by a source
of white light? (CBSE2015)

Ans. (i) Given, v, = 0cos ot
and  y;=00c0s (ot+¢)
The resultant displacement is given by
y=wn+y
= acos ot + acos (ot + 6)
= 0Cos wt+ 0coswtcos ¢—osinwtsing
« 0 cos wt (1 +cos ¢) —asin wtsing
Put. Rcos 0= ol +cos é) ...(1)
and Rsind=asiné (2
By squaring and adding egs. (1) and (2). we get
R2=02(1+c052¢+2c05¢)+025|n2¢

= 20%(1+cos¢) = 4a® coszg

|=R% =4g* COSZ%

For constructive interference. cos% =1]

= =n

M|

=5 dwm2nn
For destructive interference.

L ¢
:D = =
c052 5 (2n+1)

= é=(2n+n

() (a) For fringes to be seen. 5/5 < A/d
Conditlon should be satisfled.
where. s « size of the source and 5 = distance
of the source from the plane of two slits.
As. the source slit width Increase, the fringe
pattern get less and less sharp.
When the source slit is so wide, then above
candition is not satisfied and the interference
pattern disappears.

(b) The interference pattern due to different

colour components of white light overlap.
The central bright fringes for different
colours are at the same position. Therefare,
the central fringes are white. And on the
either side of the central fringe. ie. central
maxima. Coloured bands will appear.
The fringe closed on either side of central
white fringe is red and the farthest will be
blue. After a few fringes. no clear fringes
pattern is seen.

Q4. (i) What is interference of light waves? Name the
interference happen at a place where intensity
of light is maximum and minimum.

(i) In a Young's double slit experiment, the
separation between slits is 2 x 10~ m whereas

L
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[l.e., (2n + 1)r] and for constructive interference Is even
[f.e. 2nm].

the distance of screen from the slits is 2.5 m.
A light of wavelengths in the range of 2000-
8000 A is allowed to fall on the slits. Find
the wavelength in the visible region that will
be present on the screen at 107" m from the
central maximum. Also find the wavelength
that will be present at that point of screen in
the infrared as well as in the ultraviolet region.

Ans. (l) Interference of Light Waves : When two Ught

waves af same frequency travel simultaneously
in the same direction then. due to their

superposition, the resultant intensity of light
at any point In space Is different from the

sum of intensities of the two waves. At some
points the resultant intensity is maximum while
at some other points it is minimum (nearly

Ln M
B

N
W/

~
2. W &

B
darkness). The re-distribution of light intensity
due to the superposition of two light waves is
called ‘interference of light'

The interference is said to be ‘constructive'
at points where the resultant intensity is
maximum and 'destructive’ at points where the
resultant intensity Is minimum or zero.

hase difference for destructive interference is odd
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(II) The distance of bright fringes from the central
maximum an the screen is given by

D
X =m—,

d
where m =0 corresponds to the central maximum.

m=0.12 ..

Lok
mD’

(103m) x (2% 103m)
1x(2.5m)
=8x107 m
= 8000 A (infrared)
_B000A
2
= 4000 A (visible)

Form=1, A=

Forme= 2, Ay

Q5s.

Ans.

For m=3. LH:BOUUA
3
= 2666 A (ultraviolet)
For m= 4, Ay @ EDEDA

= 2000 A (ultraviolet)

(i) Draw the graph showing intensity distribution
of fringes with phase angle due to diffraction
through a single slit. What is the width of the
central maximum in comparison to that of a
secondary maximum?

(ii) A ray PQ is incident normally on the face AB
of a triangular prism of refracting angle 60°
as shown in figure. The prism is made of a

transparent material of refractive index 2.
NE

Trace the path of the ray as it passes through

the prism. Calculate the angle of emergence

and the angle of deviation. (CBSESQP2022-23)
P A

A

Q

B C
(i) The graph showing intensity distribution of fringes
with phase angle due to diffraction through a
single slit Is given as below:

Intensity (1)

\/\/\/K

-3Ma -2Ma -Wa 0 Ma 2Ma  3)Ma
Diffraction engle (9)

Width of central maximum Is twice that of any
secondary maximum.

(if)

Given: ZA«=60° fi=0"

At M:sin C =l=£= sin 60°
u 2

C=60°
So, the ray PM after refractlon from the face AC
grazes along AC.
.. Angle of emergence. Ze =90°
From Zi+Ze=/ZA+2Zb
ar, 0°+90° =60+ £&
& §=290°-60"= 30°
. Angle of devlation = 30°

L
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Q6. (i) Describe any two characteristic features
which distinguish between interference and
diffraction phenomena. Derive the expression
for the intensity at a point of the interference
pattern in Young's double slit experiment.

(i) In the diffraction due to a single slit
experiment, the aperture of the slit is 3 mm.

If monochromatic light of wavelength 620 nm

is incident normally on the slit, calculate the
separation between the first order minima and

the 3rd order maxima on one side of the screen.

The distance between the slit and the screen is

1.5 m. (CBSE 2019)

Ans. (i) Difference between Interference and Diffraction:

(a) Interference pattern has number of equally
spaced bright and dark bands while diffraction
pattern has central bright maximum which is
twice as wide as the other maxima.

(b) Interference is obtained by the superposition of
two waves origlnating from two narrow slits.
The diffraction pattern is the superposition
of the continuous family of waves origlnating
from each point on a single slit.

ERR(DR -

Some students do not know the carrect difference
between interference of light and diffraction of light.

Derlvation: Conslder two coherent sources of
light 5, and S,. The two sources of light will
produce an interference pattern on the screen
MN. Consider a point P on the screen. Let ¢ be
the phase difference due to the path difference
S,P — 5P Young's arrangement to produce
interference pattern Is shown In fgure.

The electric field from the light at each of the

sources 5;and S, can be written as,
E,=Eysinmt and E, = E; sin (ot + ¢)

where, each source of light has maximum

electric field strength E;.

At P, by principle of superposition.

EP =1 E] + E2 an EO Sin wt + Eﬂ Sin (f\Jt + ¢)

:ZED cosisln mt+3
2 2

As Intenslty Is the square of the amplitude.
I:4E§coszfg]
2

_r2
Note that JU = EU
Hence. = 4!0 cosz[%)

(il) Glven. size of aperture.a=3 mm = 3 x 10°°m
Wavelength of light. 2 =620 nm =620 x 10" m
Distance from screen. D=15m
Size of one maxima/minima (except the central),

d=2p
a
-9
GBI T e 3T
Ix10"?m

Now. the required separation has four fringes.
Hence. the dlstance s
4d=31x10"" x4 =124 %10 ~m
= 1.24 mm

ERR(DR « ]

Students aften forget to convert quantities in SI unit.

Q7. Amonochromatic light of wavelength A is incident
normally on a narrow slit of width 'a’ to produce
a diffraction pattern on the screen placed at a
distance D from the slit. With the help of a relevant
diagram, deduce the condition for obtaining
maxima and minima on the screen. Use these
conditions to show that angular width of central
maximum is twice the angular width of secondary
maximum. (CBSE2017)

Ans. When plane wavefront coming from distant source
illuminates the slit of slze (= d). each other point
within the slit becomes the source of secondary
wavelets and these wavelets superpose on each
other to generate the maxima and minima on the
screen; path difference between the rays, directing
to the point P on the screen can be given as :

k \
A
From 0 :
source 2 M '\\ T ToC
3 0 =
8
In AABT
sing@ =E=E
AB a

Path difference. A = asin 6

Condition of Minima: If slit AB is divided into the
equal halves (or In even parts) each of size d/2. for
every paint in part AM, there is a point in part MB
that contribute the secondary wavelets out of phase

L
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(Le. 180°). So. net contribution from two halves
becomes zero and hence intensity falls to zero for
path difference

A= nh
& asin0=nA
where. nis Integer except n=0.
Condition of Maxima: If slit AB is divided Into three
equal parts (or in odd parts). First two-third of the
slit having a path difference A/2 between them
cancel each other. and only the remalning one-third
of the slit contributes to the Intensity at the point
between two minima. so for path difference

A =(n +1Jl
2
1
We have, asin 8—[n+3]1

where, n Is Integer except n=0
Screen

!
Al

Plane
vavefrant

NN ol o5 0y

1
1
|
I
I
1
1
|
|
|
I
1
|
1
1
!
I
|
Ll

D

A

The wavelets from points A and B will have a path
difference equal to BN.
From the right-angled AANB, we have

BN=ABsin©
or BN=asin 6
Suppose that the point P on the screen is at such a
distance fram the centre of the screen that BN = 2
and the angle 6 = 8,

L=asing

or sin 8, m&
o

Such a polnt on the screen will be the position of
first secandary minimum.
For nth minimum at paint P,

nh
sing, = = _(1)

If v, Is the distance of the nth minimum from the
centre of the screen and D Is the distance between

the slit and the screen. then from right-angled ACOR,
we have

tang, = %
or tane@,, z%” -

In case 8, Is small
sin0,=tan 0,

TR!CK

Therefore. from the egs. (1) and (2). we have

in.. 00
D o
or =22 )

The width of the secondary maxima,
B = yn — yn =

_nDx (n-T)DA _ D
a a a

Since B is Independent of n. all the secondary
maxima are of same width p. The central maxima
extends up to the distance vy, (the distance of first
secondary minima) on both sides of the centre of
the screen.

Therefore, the width of the central maxima, pg = 2y,
From eq. (3) setting n = 1. we have

DA
Vi= ?
Therefore, By = Zgl .(4)

It follows that By = 2p fe. the central maxima is
twice as wide as any other secondary maxima or
minima.

(—Divfde derivation into steps and then proceed. ]

Q8. (i) Write two points of difference between an

Ans.

interference pattern and a diffraction pattern.
(ii) (a) A ray of light incident on A

face AB of an equilateral

glass prism, shows

minimum deviation of

30°. Calculate the speed

of light through the prism.

(b) Find the angle of incidence at face AB so

that the emergent ray grazes along the

face AC. (CBSESQP 2022-23)

(i) Difference between an interference pattern and a

diffraction pattern are glven below:

B C

(a) The interference pattern has a number of
equally spaced bright and dark bands. On
the other hand. the diffraction pattern has a
central bright maximum which is twice as
wide as the other maxima. The intensity falls
as we go to successlve maxima away from the
centre. on either side.

(b) We calculate the interference pattern by
superposing two waves originating from the
two narrow slits. whereas the diffraction
pattern is a superposition of a continuous
famlly of waves originating from each point
on a single slit.

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
_



(i) (a) Glven minimum deviation of ray of Ught = 30°
We have,

A =) o
Siﬂ( HS’”] Sin[BG +20

2 2 ]=\5

B

2. Speed af light through the prism

=15V2 x 10" m/s
(b) At face AC let the angle of incidence be r.
Faor grazing ray.
e=90°
B 1
_Sinrz

- ry =sin™ [%] = 45°

= H

Let angle of refraction AB be r;.
Now.
n+r=A
MnoA-r;ab0"—45"w15°
Let angle of incidence at this face be |

_sini
Then, H = sin,
sin |
= =3
sln 15°

| =sin™ (V2 -sin15°) = 21.5°
So. the angle of incidence at face AB = 215"

& Chapter Test

Multiple Choice Questions

QL1 Wavefront is the locus of all points, where the
particles of the medium vibrate with the same:
a. phase b. amplitude
c. frequency d. perlod

Q2. A plane wave passes through a convex lens. The
geometrical shape of the wavefront that emerges
is:
a. plane

b. diverging spherical
c. converging spherical  d. None af these

Assertion and Reason Type Questions
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Directions (Q.Nos. 3-4): In the following questions, a
statement of Assertion (A) is followed by a statement of
Reason (R). Mark the correct choice as:

a. Both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of Assertion
(A).

b. Both Assertion (A) and Reason (R) are true but
Reason (R) is not the correct explanation of
Assertion (A).

c. Assertion (A) is true but Reason (R) is false.

d. Both Assertion (A) and Reason (R) are false.

Q3. Assertion (A): Wavefronts obtained from light
emitted by a point source in an isotropic medium
are always spherical.

Reason (R): Speed of light in isotropic medium is
constant.

Q4. Assertion (A): All bright interference bands have
same intensity.
Reasan (R): All bands receive same light from two
sources.

Fillin the blanks

Q5. Interference is based on the......ccceeeeeenet

Q6. In Young's double slit experiment with mono-
chromatic light, the central fringe will be...............

Case Study Based Question

Q7. Consider the situation shown in given figure. The
two slits S; and S,, placed symmetrically around
the central line are illuminated by monochromatic
light of wavelength 2. The separation between the
shits 1s . The light transmitted by the slits falls on
a screen Sy place at a distance D from the slits.
The slhit S; is at the central line and the slit Sy is at
a distance from S;. Another screen S, is placed a
further distance D away from S;.

S4
Sy
s
—
—= |d %5 P
—>
S3
< . =
D J D
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Read the given passage carefully and give the
answer of the following questions:

AD
(i) Find the path difference if Z = T
(ii) Find the ratio of maximum and minimum intensity
AD

observedon S, if Z ="—"—.

5 d
(iii) Two coherent point sources S; and S, are separated
by a small distance d as shown in figure. What will
be the fringes obtained on the screen?

Screen

(iv) Two monochromatic light waves of amplitude
3A and 2A interfering at a point have a phase
difference of 60°. What will be intensity at the point ?

Very Short Answer Type Questions
Q 8. 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?

Q9. State Huygens' principle of diffraction of light?

Short Answer Type-l Questions

Q 10. What should be the width of each slit to obtain n
maxima of double slit pattern within the central
maxima of single slit pattern?

Q1L A parallel beam of light of wavelength 5500 A falls
normally on a slit of width 22.0 x 10" cm. Find the
angular positions of the first two minima on the
two sides of the central maximum of the diffraction
pattern.

Short Answer-1l Type Questions

Q12. Monochromatic light of wavelength 589 nm is
incident from air on a water surface. What are
wavelength, frequency and speed of (i) reflected
light, (ii) refracted light? The refractive index of
water is 1.33.

Q13. (i) Two independent monochromatic sources of
light cannot produces a sustained interference
pattern’ Give reason.

(i) What is the effect on the interference fringes
in Young's double slit experiment when (a) the
width of the source slit is increased; (b) the
monochromatic source is replaced by a source
of white light?

Q 6. Answer the following questions:

(i) In a double slit experiment using light of
wavelength 600 nm, the angular width of the
fringe formed on a distant screen is 0.1°. Find
the spacing between the two slits.

(i) Light of wavelength 500 A propagating in air
gets partly reflected from the surface of water.
How will the wavelengths and frequencies of
the reflected and refracted light be affected?

(CBSE2015)

Long Answer Type Questions

Q15. A monochromatic light of wavelength X is incident
normally on a narrow slit of width ‘a’ to produce a
diffraction pattern on the screen placed at a distance
D from the slit. With the help of a relevant diagram,
deduce the condition for obtaining maxima and
minima on the screen. Use these condition to show
that angular width of central maximum is twice the
angular width of secondary maximum.

Q1l6. (i) What is interference of light ? Name the
interference happen at a place where intensity
of light is maximum and minimum.

(i) In a Young’s double-slit experiment, the
separation between slits is 2 x 107 m
whereas the distance of screen from the slits
is 2.5 m. A light of wavelengths in the range of
2000-8000 A is allowed to fall on the slits. Find
the wavelength in the visible region that will
be present on the screen at 107" m from the
central maximum. Also find the wavelength
that will be present at that point of screen in
the infrared as well as in the ultraviolet region.

L
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