Chapter 10. Wave Optics

Huygens Principle

1 Mark Questions

1.When light travels from a rarer to a denser medium, the speed decreases. Does this
decrease in speed imply a decrease in the energy carried by the light wave? Justify your
answer.[All India 2010]

Ans.speed decreases due to decrease of wavelength of wave but energy carried by the light
wave depends on the amplitude of electric field vector

2.What type of wave front will emerge from a

(i)point source

(if)distant light source? [Delhi 2009]

Ans.(i)When source of light is a point source, the wavefront is spherical.

(i) At very large distances from the source, a portio of spherical or cylindrical waver at
appears to be plane.

3.Draw a diagram to show refraction of a plane wave front incident on a convex lens and
hence draw the refracted wave front. [Delhi 2009]

Ans.The refraction of a plane wavefront is shown in the figure below
Incident  Refracted

/ wavefront wavefront

1)

4 Differentiate between a ray and a wave front.[Delhi 2009]

Ans.Ray A ray always remains perpendicular to the wave front and directed along the
direction of propagation of wave.

Wave front The locus of all those particles which are vibrating in the same phase at any
instant is called wave front.
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5.Draw the wave front coming out from a convex lens, when a point source of light is placed
at its focus. [Foreign 2009]
Ans.The wavelength in the given condition is shown in figure below

The wavelength in the given condition is
shown in figure below
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6.Sketch the shape of wave front emerging from a point source of light and also mark the
rays. [Foreign 2009]
Ans.

When source of light is a point source, then
wavefront is spherical.

Point
source

Rays

Spherical wavefront (1)

7.Define a wave front. [Foreign 2009]
Ans. When light is emitted from a source, then the particles present around it begins to

vibrate. The locus of all such particles which are vibrating in the same phase is termed as
wave front.

3 Marks Questions

8.Define a wavefront. Use Huygens' geometrical construction to show the propagation of
plane wave front from a rarer medium (1) to a denser medium (2) undergoing refraction,
hence derive Snell’s law of refraction. [Foreign 2012]

Ans. When light is emitted from a source, then the particles present around it beginsto vibrate.
The locus of all such particles which are vibrating in the same phase is termed as wave front.

Consider any point Q on the incident
wavefront.

p Incident wavefront

Denser medium

1)



Suppose when disturbance from point P on
incident wavefront reaches point P’ on the
refracted wavefront, the disturbance from point
Q reaches the point Q’ on the refracting surface
XY. Since, A’Q’P’ represents the refracted
wavefront, the time taken by light to travel from
a point on incident wavefront to the
corresponding point on refracted wavefront
should always be the same. Now, time taken by
light to go from Q to Q' will be

t= —QE + k—Q— ..{0)
c %
(where, c and v are the velocities of light in two
mediums)
In right angled AAQK, ZQAK =i
o QK = AK sini (i)
In right angled AP’Q’K, ZQ'P'K =r,
KQ’=KP’ sinr (i)

Substituting Egs. (i) and (iii) in Eq. (i), we get
- AK sini+ KP’ sinr

c v
AK sini (AP’ — AK)sinr
g +
c v
ort = s sinr+ [m - ﬂ] AK L(iv)
v c v (1)

The rays from different points on the incident
wavefront will take the same time to reach the
corresponding  points on the refracted
wavefront, i.e. given by Eq. (iv) is independent
of AK. It will happen so, if
sini . r sini_ ¢
——=sin—-=0=—=-=
c sinr v

However,

v
C
_:n
v

9.(i) Use Huygens’ geometrical construction to show the behaviour of a plane wave front,
(a)passing through a biconvex lens



(b)reflected by a concave mirror,

(i) When monochromatic light is incident on a surface separating two media, why does the
refracted light have the same frequency as that of the incident light? [Foreign 2012]

Ans.

(i) (a) Behaviour of a converging lens
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(i The frequency and time period of an electromagnetic wave depends only on the source
which produces it. The frequency is independent of the medium through which it travels. But
the speed and wavelength depends on the medium through which the wave travels. Because
of this, the frequency and time period of sound wave do not change due to change in medium

10.Using Huygens’ geometrical construction of wave front, show how a plane wave g*is
reflected from a surface. Hence, verify laws of reflection.  [All India 2011]

Ans.When light is emitted from a source, then the particles present around it beginsto vibrate.
The locus of all such particles which are vibrating in the same phase is termed as wave front.

Consider any point Q on the incident
wavefront,

p Incident wavefront

Denser medium

1)



Suppose when disturbance from point P bn
incident wavefront reaches point P’ on the
refracted wavefront, the disturbance from point
Q reaches the point Q’ on the refracting surface
XY. Since, A"Q’P’ represents the refracted
wavefront, the time taken by light to travel from
a point on incident wavefront to the
corresponding point on refracted wavefront
should always be the same. Now, time taken by
light to go from Q to Q" will be

t= o] + P (D)
C v
(where, c and v are the velocities of light in two
mediums)
In right angled AAQK, ZQAK =i
QK = AK sini (i
Inright angled AP'Q’K, ZQ'P'K =r,
KQ’=KP’sinr R

Substituting Egs. (ii) and (iii) in Eq, (i}, we get
- AK sini+ KP”sinr

c v
AK sini (AP’ — AK)sinr
t= +
C v
ort = s sinr+ [1’! - W)AK (V)
v C Vv (1)

The rays from different points on the incident
wavefront will take the same time to reach the
corresponding points on the refracted
wavefront, i.e. given by Eq. (iv) is independent
of AK. It will happen so, if

sini . r sini ¢
— —sin—-=0=—-=-
c v sinr v
C
However, —=n
v

11.Use Huygens’ principle to verify the laws of refraction. [Delhi 2011]
Ans. When light is emitted from a source, then the particles present around it beginsto vibrate.
The locus of all such particles which are vibrating in the same phase is termed as wave front.

Consider any point Q on the incident
wavefront.

p Incident wavefront

Denser medium

)



Suppose when disturbance from point P bn
incident wavefront reaches point P’ on the
refracted wavefront, the disturbance from point
Q reaches the point Q’ on the refracting surface
XY. Since, A"Q’P’ represents the refracted
wavefront, the time taken by light to travel from
a point on incident wavefront to the
corresponding point on refracted wavefront
should always be the same. Now, time taken by
light to go from Q to Q" will be

t= o] + P (D)
C v
(where, c and v are the velocities of light in two
mediums)
In right angled AAQK, ZQAK =i
58 QK = AK <ini (i)
Inright angled AP'Q’K, ZQ'P'K =r,
KQ’=KP’sinr R

Substituting Egs. (ii) and (iii) in Eq, (i}, we get
- AK sini+ KP”sinr

C Vv
AK sini (AP’ — AK) sinr
t= +
C v
ot =28 sinr+[m~5mr)AK (V)
Vv C \" (1)

The rays from different points on the incident
wavefront will take the same time to reach the
corresponding points on the refracted
wavefront, i.e. given by Eq. (iv) is independent
of AK. It will happen so, if

sini . r sini ¢
— —sin—-=0=—-=-
c v sinr v
C
However, —=n
v

12.Using Huygens' principle, draw a diagram showing how a plane wave gets refracted,
when it is incident on the surface separating a rarer medium from a denser medium. Hence,
verify Snell’s laws of refraction.  [All India 2011]

Ans. When light is emitted from a source, then the particles present around it beginsto vibrate.
The locus of all such particles which are vibrating in the same phase is termed as wave front.

Consider any point Q on the incident
wavefront.

p Incident wavefront

Denser medium

1)



Suppose when disturbance from point P bn
incident wavefront reaches point P’ on the
refracted wavefront, the disturbance from point
Q reaches the point Q’ on the refracting surface
XY. Since, A"Q’P’ represents the refracted
wavefront, the time taken by light to travel from
a point on incident wavefront to the
corresponding point on refracted wavefront
should always be the same. Now, time taken by
light to go from Q to Q" will be

t= o] + P (D)
C v
(where, c and v are the velocities of light in two
mediums)
In right angled AAQK, ZQAK =i
58 QK = AK <ini (i)
Inright angled AP'Q’K, ZQ'P'K =r,
KQ’=KP’sinr R

Substituting Egs. (ii) and (iii) in Eq, (i}, we get
. AK sini+ KP”sinr

C Vv
AK sini (AP’ — AK) sinr
t= +
C v
ot =28 sinr+[m~5mr)AK (V)
Vv C \" (1)

The rays from different points on the incident
wavefront will take the same time to reach the
corresponding points on the refracted
wavefront, i.e. given by Eq. (iv) is independent
of AK. It will happen so, if

sini . r sini ¢
— —sin—-=0=—-=-
c v sinr v
C
However, —=n
v

13.How is a wave front defined? Using Huygens’ construction, draw a figure showing the
propagation of a plane wave refracting at a plane surface separating two media. Hence,
verify Snell’s law of refraction. [Delhi 2008]

Ans. When light is emitted from a source, then the particles present around it beginsto vibrate.
The locus of all such particles which are vibrating in the same phase is termed as wave front.

Consider any point Q on the incident
wavefront.

p Incident wavefront

Denser medium

1)



Suppose when disturbance from point P bn
incident wavefront reaches point P’ on the
refracted wavefront, the disturbance from point
Q reaches the point Q’ on the refracting surface
XY. Since, A"Q’P’ represents the refracted
wavefront, the time taken by light to travel from
a point on incident wavefront to the
corresponding point on refracted wavefront
should always be the same. Now, time taken by
light to go from Q to Q" will be

t= o] + P (D)
C v

(where, c and v are the velocities of light in two
mediums)
In right angled AAQK, ZQAK =i

QK = AK sini (i
Inright angled AP'Q’K, ZQ'P'K =r,

KQ’'=KP’sinr LW(i)

Substituting Egs. (ii) and (iii) in Eq, (i}, we get
. AK sini+ KP”sinr

C Vv
AK sini (AP’ — AK) sinr
t= +
C v
ort = sinr+[m~5mr)AK (V)
Vv C \" (1)

The rays from different points on the incident
wavefront will take the same time to reach the
corresponding points on the refracted
wavefront, i.e. given by Eq. (iv) is independent
of AK. It will happen so, if

sini . r sini ¢
— —sin—-=0=—-=-
G v sinr v
C
However, —=n
v

5 Marks Questions

14.(i) Use Huygens’ geometrical construction to show how a plane wave front att = 0
propagates and produces a wave front at a later time.

(ii) Verify, using Huygens' principle, Snell’s law of refraction of a plane wave propagating
from a denser to a rarer medium.

(iif)When monochromatic light is incident on a surface separation two media, the reflected
and refracted light both have the same frequency. Explain why?[Delhi 2013 C]

Ans.



(i) Consider a plane wave moving through
free space as shown in figure. Att =0, the
wavefront is indicated by the plane
labelled AA”. According to Huygens’
principle, each point on this wavefront is
considered a point source.

For clearity, only three point sources on
AA’ are as shown in figure below.

A B
Old wavefront CAt j New wavefront
A B’

With these sources for the wavelets, we
draw circular arcs, each of radius c At,
where c is the speed of light in vacuum
and At is some time interval during which



the wave propagates. The surface drawn
target to these wavelets is-the plane BB’,
which is the wavefront at a later time and
is paralle] to AA”. (1)

=

(i) Consider ray 1 strikes the surface and the
subsequent time interval ray 2 strikes the
surface as shown in the given figure.
During the time interval, the wave at A
sends out a Huygens’ wavelet (the light
brown are passing through D) and the light
refracts into the material, making an angle

0, with the normal to the surface.

In the same time interval, the wave at B
sends out a Huygens’ wavelet (the light
brown are passing through C) and the light
continues to propagate in the same
direction. The radius of the wavelet from A
is AD = v, At, where v, is the wave speed
in the second medium. The radius of the
wavelet from B is BC = v,At, where v, is
the wave speed in the original medium.
From AS, ABC and ADC, we find that
5in91=—B£=LAt (i)
AC AC

(1))

On dividing the Eq.(i) by the Eq.(ii), we get
sing, _ vy
sinB, v,

c G
We know that, v = — and v, = —

ny B3
i
Therefore, S} i L
sinG, c/n, n
and n, sin®, = n, sin@,
Which is Snell’s law of refraction. 2)

(iii) The reflection and refraction phenomenon occur due to interaction of corpuscles of
incident light and the atoms of matter on receiving light energy, the atoms are forced to
oscillate about their mean positions with the same frequency as incident light. According to
Maxwell's classical theory, the frequency of light emitted by a charged oscillator is same as its
frequency of oscillation. Thus, the frequency of reflected and refracted light is same as the
incident frequency.

15.State Huygens’ 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
ararer to a denser medium. Hence, verify Snell’s law of refraction.  [Delhi 2013]
Ans.Huygens’ Principle

e Each point on the primary wavefront acts as a source of secondary wavelets, sending
out disturbance in all directions in a similar manner as the original source of light does,
)

e The new position of the wavefront at any instant (called secondary wavefront) is the



envelope of the secondary wavelets at that instant.

When light is emitted from a source, then the particles present around it beginsto vibrate. The
locus of all such particles which are vibrating in the same phase is termed as wave front.

Consider any point Q on the incident
wavefront.

p Incident wavefront

L Denser medium

)

Suppose when disturbance from point P on
incident wavefront reaches point P’ on the
refracted wavefront, the disturbance from point
Q reaches the point Q’ on the refracting surface
XY. Since, A’Q’P’ represents the refracted
wavefront, the time taken by light to travel from
a point on incident wavefront to the
corresponding point on refracted wavefront
should always be the same. Now, time taken by
light to go from Q to Q" will be

t= 95 + k—Q— (D)
c v
(where, c and v are the velocities of light in two
mediums)
In right angled AAQK, ZQAK =
QK = AK sinii coul T
Inright angled AP'Q’K, ZQ'P'K =r,
KQ’=KP’sinr ... (iii)

Substituting Eqs. (i) and (iii) in Eq. (i), we get
. AK sinli+ KP’ sinr

’ C v
AK sini (AP’ — AK) sinr
P +
C v
ort = AL sinr+ [f‘ﬂ‘_’ - Smr)AK i)
v c v 1)

The rays from different points on the incident
wavefront will take the same time to reach the
corresponding points on the refracted
wavefront, i.e. given by Eq. (iv) is independent
of AK. It will happen so, if

sini i

C

sini ¢
=0 —==

sinr v

However, =n

r
v
C
v
16.(i) A plane wavefront approaches a plane surface separating two media. If medium 1 is
optically denser and medium 2 is optically rarer, using Huygens' principle, explain and show
how a refracted wavefront is constructed?

(ii)Verify Snell’s law.

(iii)When a light wave travels from a rarer to a denser medium, the speed decreases. Does it
imply reduction in its energy? Explain.[Foreign 2011]

Ans (i) Let a plane wavefront AB is incident at the interface XY separating two media such
that medium 1 is optically denser than medium 2. Let time t is taken by the wave to reach
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My vqt

Incident
wavefront

Vi
X ! .
Va | i
@ |
vi<ve | Refracted
! wavefront '
N
then, BC = vt A0

where, v, is the velocity of light in
medium 1. In the duration of time t, the
secondary wavelets emitted from point
A gets spread over a hemisphere of
radius,

AF = v, t .. i)

in the medium 2 and v, > v,.

The tangent plane CE from C over this
hemisphere of radius v,twill be the new
refracted wavefront of AB.

It is the evidence that angle of refraction
r is greater than angle of incidence i.

By geometry,

ZN,AE = ZECA=r
{angle of refraction)

Also, ZPAN, = ZBAC =i
(angle of incidence) (2)

(il Now, in AABC,

L BC u][
sinl=—=—— A
AC  AC
(from Eq. (i)
In AAEC sinr = £ = Y2t i
AC  AC

{(from Eq. (ii))

vyt
sini
NOW, —_—= &:—
sinr Vil
AC
sini v,
I~ =-L=constant
sinr v,
=M
where, |1, = refractive index of second
medium w.r.t. first medium. (2)
Hence, Snell’s law of refraction is
verified.

(iii) No, energy carried by the wave does not
depend on its speed instead, it depends
on the amplitude of wave. (1)



Interference of Light

1 Mark Questions

1.Define the term ‘coherent sources’ which are required to produce interference pattern in
Young'’s double slit experiment. [Delhi 2014 c]

Ans. Two monochromatic sources,which produce light waves, having a constant phase
difference are known as coherent sources.

2.How would the angular separation of interference fringes in Young’s double slit
experiment change when the distance between the slits and screen is halved? [All India
2009]
Ans.

The angular separation of interference fringes

in Young's double slit experiment becomes

double when separation between slits and

screen is halved as

angular separation,
0 e 1
D (1)

3.Why are coherent sources required to create interference of light?[Foreign 2009]
Ans.To observe interference fringe pattern, there is need to have coherent sources of light
which can produce light of constant phase difference

4. How does the fringe width of interference fringes change, when the whole apparatus of
Young's experiment is kept in a liquid of refractive index, 1.3? [hots; Delhi 2008]

Ans.

? In Young’s double slit experiment, fringe width, I
Py I
P B:%

d’ .
From the formula it is clear that when apparatus is |
dipped in a liquid then only wavelength & will |

change, it will become — times of its value inair. |
B i

.|

The new fringe width becomes Elf; times of

original fringe width as

B-' E'air
S = = Beg = (1)
Bmed med M




5.How does the angular separation of interference fringes change, in Young’s experiment, if
the distance between the slits is increased?[Delhi 2008]

Ans.

Angular separation decreases with the increase

of separation between two slits as,

0=

| >

d
where, d = separation between two slits. (1)

2 Marks Questions

6.Laser light of wavelength 630 nm incident on a pair of slits produces an interference
pattern in which the bright fringes are separated by 7.2 mm. Calculate the wavelength of
another source of laser light which produce interference fringes separated by 8.1 mm using
same pair Of slits. [All India 2011]
Ans.

Given, B, =7.2x107° m, B, =8.1x10">m

and %,=630x10"" m

-+ Fringe width, B = E';—}L

where, A = wavelength, D = separation
between slits and screen and d = separation
between two slits.

E = i"— (D andd are same)
B, A, 1)
Wavelength of another source of laser
light
= A, = [5—2:& A
1
-3
S BIX10 L 630%107 m
7.2x10"
or A,=708.75x10" m
h,=708.75 nm (1)

7.How will the interference pattern in Young's double slit experiment get affected, when
(i)distance between the slits S; and S2 reduced and
(ii)the entire set up is immersed in water? Justify your answer in each case. [Delhi2011]
Ans.
(i) The fringe width of interference pattern
increases with the decrease in separation
between §,5, as
oy
d (1)

(i) The fringe width decrease as wavelength
gets reduced when interference set up is
taken from air to water. (1)



8.The figure shows a double slit experimental set up for observing interference fringes due
to different interference component colours of white light.

What would be the predominant
colour of the fringes observed at the
point

(i) O (the central point)

(ii) P, where, S,P—- S, P = %fi?

(here, A, is the wavelength of the
blue colour).

S;‘,7P
Se—1 i 0
D—b

Sz

—fa—

[All India 2009]

Ans.(i) White colour fringe is obtained at point O as all components colour wavelength
undergo constructive interference fringe pattern.

(ii) In this case, the light of blue colour interfere destructively and hence this colour would
subtract from white light. Thus, yellow colour fringe would be obtained at P.

9.Write down two conditions to obtain the sustained interference fringe pattern of light.
What is the effect on the interference fringes in Young'’s double slit experiment, when
monochromatic source is replaced by a source of white light?[Foreign 2008]
Ans.Conditions for sustained interference

(i) The two sources of light must be coherent to emit light of constant phase difference.

(i) The amplitude of electric field vector of interfering wave should be equal to have greater
contrast between intensity of constructive and destructive interference.

When monochromatic light is replaced by white light, then coloured fringe pattern is obtained
on the screen

3 Marks Questions

10. (a) Two monochromatic  waves
emanating from two coherent
sources have the displacements
represented by

Yy, =acosot

‘and y, =a cos(wt+¢),
where ¢ is the phase difference
between the two waves. Show
that the resultant intensity at a
point due to their su]gerposition is
given by I = 4[,cos” ¢ /2, where
IU‘ = G2 N

(b) Hence, obtain the conditions for
constructive and destructive
interference. [All India 2014C]

Ans.



Given,
¥, = a coswt
y, = a cos(mt + ¢)
(a) The resultant displacement is given by
y=yy+Vz
= acosmt + a cos(ot + ) -
= acosmt + a coswt cosd — asinmt sind
= a cosmt (1+ cos @) — asinwt sin

Put RcosB = all + cosd) L)

RsinB=asing i)
By squaring and adding Eqgs. (i) and (ii), we
get

R? = a%(1+ cos’ & + 2 cos ¢) + a’ sin’ ¢
=2a*(1+ cos o)
2 ¢

= 4a° cos® —
2

|=R? = 4a? cos? 2

2 0

= 4!0 Cos E

(b) For constructive interference,

cosg =xlor
2
L nm or
2
o=2nm

For destructive interference,

cos L 0or
2
[} n
~=@2n+T0—or
2 ( 2
d=02n+ 1w

11.Describe Young's double slit experiment to produce interference pattern due to a

monochromatic source of light. Deduce the expression for the fringe width.[Delhi 2011]
Ans.

Let two coherent sources of light, S; and
S, (narrow slits) are derived from a source
S. The two slits, S, and S, are equidistant
from source, S.

Now, suppose S, and S, are separated by
distance d. The slits and screen are distance D

apart.
% P
? |
4 ¥
< "
/ T
£ 0O d
> oL
Screen
N N D

(1/2)



Considering any arbitrary point P on the
screen at a distance y,, from the centre O.

The path difference between interfering waves
is given by S,P =S, P

i.e. Path difference=5,P -5, P=5,M
S,P-5,P=dsin®

where, S,MLS,P 1
[ £5,5,M = £ZOCP (by geometry)

= S,P=PM=S5,P=5,M]

If 8 is small, then sin@ =0 =tan®

.. Path difference,

$,P-5,P=5,M=dsinB=d tan®

Path difference = d [%] i)

[+ In APCO, tan8 = 2F = Yoy
cO D

For constructive interference
Path difference =nA, where,n=0,1, 2, ...

dy, ,
—L =}, f Eq.
b n _ [from Eq. (i)]
Dnh
= ynzT
Din+1 A
= Vn+|=“T

*» Fringe width of dark fringe =y, -y,

[- Dark fringe exist between
two bright fringes]

|3=%(n+1l-—=——(n+l-n]=—
Fringe width of dark fringe, p = %l- (i)

For destructive interference
Path difference =(2n-1) %_"— wheren=12,3,...

= % =2n-1) % [from Eq. (i)]
, @2n-1DA
= Vn=—""7—"
2d

where, v’ is the separation of nth order dark
fringe from central fringe.

D\

2d (1)
. Fringe width of bright fringe = Separation
between (n+ Nth and nth order dark fringe
from centred fringe,

= B=via-va

Yhe1=R2n+1)



2n+1) Q_J_'\._ _(2n-1) DA
2d 2d

2—1[210'1-1-2:}4-11” I3—-—[2]

or B=

Fringe width of bright fringe, B = % - Ahii)

From Eqs. (i) and (iii), we can see that,
fringe width of dark fringe = fringe width of
bright fringe

d (1/2)

12. The intensity at the central maxima
(O) in a Young's double slit
experiment is I, . If the distance OP
equals one-third of fringe width of
the pattern, then show that the

intensity at point P would be I, /4.
[HOTS; Foreign 2011]

.P_T_
¥ ol
4

Ans.
Intensity can be found out if, we know the phase
difference. Phase difference can be calculated with |

the help of path difference. So first of all, path .
difference will be calculated.

U

Gwen OP =y,
The dlstance OP equals one- third of fringe

width of the pattern

. B 1(DL) DA
e n=3730a ) 5
I 7
D 3 (1)
dy, l_

Path difference, S, -5, P = =1 = —
D 3

Now for phase difference corresponding
to path difference.

Phase difference = %LE x Path difference



A

.. Phase difference = 2?11

21:}_
3

(1

If intensity at central fringe is I, then
intensity at a point, P where phase
difference is ¢, is given by

I'=lycos’ ¢

2 .
= J[=] {cosz—n] =] [—CO‘-EJ
0 3 0 "3
_ _1J”_f_a
U2 4

Hence, the intensity at point P would

be }—U. (1)
4

2

13.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 0 m away from the slits.
(i)Find the distance of the second

¢ bright fringe
¢ dark fringe from the central maximum.

(ii)How will the fringe pattern change if the screen is moved away from the slits? [All India
2010]
Ans.

Distance between the two sources
d=015mm=1.5x%x10"*m
Wavelength, A = 450 nm = 4.5 x 107" m

Distance of screen from source, D =1m

(i) (a) The distance of nth order bright fringe
from central fringe is given by

_ Dnh

¥n= d

For second bright fringe,

_2DA

=g
_2x1x4.5%x1077

V2 T s <10

Y, =6x10"*m

The distance of the second bright
fringe



¥, =6 mm (1)

(b) The distance of nth order dark fringe
from central fringe is given by

DX
=02n-1)—
Yo = }zd
For second dark fringe, n =2
y:_]:(z )(2 -.-.'U%:ﬁ
2d  2d
.3 1x45x1077
Yn=oXR—————F—
2 1.5x10
The distance of the second dark fringe,
¥, =45 mm (1)

(ii) With increase of D, fringe width increases
as
_ D

B - O BeD (1)

14.A beam of light consisting of two wavelengths 560 nm and 420 nm is used to obtain
interference fringes in a Young's double slit experiment. Find the least distance from the
central maximum, where the bright fringes, due to both the wavelengths coincide. The
distance between the two slits is 4.0 mm and the screen is at a distance of 0 m from the
slits.[Delhi 2010 C]
Ans.

To find the point of coincidence of bright fr]nge.s,““i

we can equate the distance of bright fringes from

the central maxima, made by both the
wavelengths of light i

Given, D=1m,d =4x107°m, A, =560 nm,
and &, =420nm

Let nth order bright fringe of A, coincides with
(n + 1)th order bright fringe of A ,.

Dnk;, _Dn+1)A,

p g (Ay>hAs)
= nA, =+ A, (1)
n+1 A&,
= —_——=
n A,
1 560x107°
14— = ——
n 420x10°?
1 4
= T+—-=—
n 3
= l=l = n=3 (1
n 3

- Least distance from the central fringe
where bright fringe of two wavelength
coincides.

= Distance of 3rd order bright fringe of A,



3DA,

= y"= d
_3x1x560x107°
T 4x10°
¥, =420%10"%m
=0.42 %10 m
¥, =0.42 mm (1)

Thus, 3rd bright fringe of A, and 4th bright
fringe of & , coincide at 0.42 mm from central
fringe.

15.A beam of light consisting of two wavelengths 600 nm and 450 nm is used to obtain
interference fringes in a Young’s double slit experiment. Find the least distance from the
central maxima, where the bright fringes due to both the wavelengths coincide. The distance
between the two slits is 4 mm and the screen is at a distance Im from the slits. [Foreign
2008]
Ans.

Given, D=1m,d =4x107° m, A, =600 nm,

and A, =450nm

Let nth order bright fringe of A, coincides with
(n + 1)th order bright fringe of A ,
Dnk, _Di+1) 4,

i.e.
d d
Ay n+1
== P
7\.2 n
ﬁ:].kl
A, n
1 600x10°% 4
= I+-=——=
n 450x10°% 3
= n=3 (1)

The separation of 3rd order bright fringe from
central fringe of A, =600 nm will be the least
distance from central fringe, where 4th bright
fringe of A , = 450 nm coincides.

Dna
As, Yy = 5 L
For n=3 (1)
. :1><3x600><1p"9
' 4x107?
=45x10"*
=0.45x10"° m
y3 =0.45 mm (1)

Thus, 3rd bright fringe of A, and 4th bright
fringe of A, coincide at 0.45 mm from central
fringe.

16.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 1 mm . Another source of monochromatic light produces the
interference pattern in which the two consecutive 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, is when monochromatic source is replaced by a source of white light?[All India 2009]



Ans.

i {) The separation between two consecutive bright
| " fringes gives fringe width (B) of dark fringe and |
l vice-versa.

Fringe width,

_Dh

d
For given Young's double slit experiment, D
and d are constants.

= B _ M i)
ﬁ‘z Aoy
D

as — = constant
d

Here, B,=8.1x10""m

A;=630nm=630x10""m )
B,=7.2%x10"%m
Bi_ M
B, 2, 1
Wavelength of light from the second

source
= }Lzzﬁz X7L1

1
_7.2x%x107°
8.1x107"

=g><630><1ﬂ'9

% 630 x107?

=560%10"" m
A, =560nm (1)

The coloured fringe pattern would be
obtained, if monochromatic light is replaced
by white light.

17.In Young's double slit experiment, monochromatic light of wavelength 600 nm
illuminates the pair of slits and produces an interference pattern in which two consecutive
bright fringes are separated by 10 Another source of monochromatic light produces the
interference pattern in which the two consecutive bright fringes are separated by 8 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? [All India 2009]
Ans.

| ) The separation between two consecutive bright
| ™ |

fringes gives fringe width (B) of dark fringe and |
vice-versa.

Fringe width,

DA
b=

For given Young's double slit experiment, D
and d are constants.

B _ M

= = 1 ()
B, %,

D
as — = constant
d



Here, B,=8.1%x10"m
A;=630nm =630 x10"" m )

B,=7.2%x10"%m
B, _A

B, A, (1

Wavelength of light from the second
source

= _B; X A,
By

_7.2x107?

=Sy} 630107 ?
X

=g><630 x107?
=560x10"%m
A, =560nm (1)

The coloured fringe pattern would be
obtained, if monochromatic light is replaced
by white light.

Wavelength of light from the second source
_By, _8x107

= X 600 x 1072
2 1~ -
B'1 10 X10 (1)
A,=480%x10"" m
A, =480nm (1)

18.In a Young’s double slit experiment, the two slits are kept 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 obtained on the screen. If the wavelength of the incident light were
changed to 480 nm, then find out the shift in the position of third bright fringe from the
central maximum.[HOTS; All India 2008]

Ans.

_ ! f\? Here, the only factor that is changing is |
| % wavelength. So, the shift in the position of third |
bright fringe will take place due to change in |
wavelength i

Gwend 2x10 m,D—14Dcm 14m
and A =600x10""m
The separation of nth order bright fringe from

Dok

central fringe is given by, y, = 5 [1}

For 3rd order bright fringe
_1.4x3x600x107°
2x107°

=1.26 x10™* m (1)
y3 = 1.26 mm




For wavelength, A =480 nm

For shift of fringe, Ay = Dndal
where, AL = (480 — 600) nm =—-120 nm
=-120%x10"° m

Negative sign indicates that shift take place
toward central fringe. The magnitude of shift is

given by
1.4%x3%x120x107°
Ay = 3
2x%x10
=252%10%=0.252x10"m
Ay =0.252 mm (1)

19. In Young's double slit experiment,
interference fringes are observed
on a screen a distance kept at D
from the slits. If the screen is
moved towards the slits by
5x107% m, the change in fringe
width is found to be 3x107° m. If
the separation between the slits is
107* m, calculate the wavelength
of the light used. [Delhi 2006C]

Ans.
Given,d =107 m, a|3:—3:<10'5 m,
AD=-5%10"m

~* Fringe width, B = —[;—l

Negative sign indicate that fringe width and D

decreases.
= AP = A AD (for same A and d)
d
(1)
AD
-3 -5
where, A 21077 x(=3x1077)
(-5%x107%)

A =600x10""m
Wavelength of light, A = 600 nm.

5 Marks Questions

20.(i) 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.

(i) The ratio of the intensities at minima to the maxima in the Young's double slit experiment
is 9:25.Find the ratio of the widths of the two slits.[All India 2014]

Ans (i)



) Intensity can be found out if, we know the phase '
difference. Phase difference can be calculated with
the help of path difference. So first of all, path |
difference will be calculated. ) 5

Given, OP =y, .
The distance OP equals one-third of fringe
width of the pattern
i o _ﬂ_l(DlJ_Dl
"3 3ld ) 3d
D 3 (1)

Path difference, S,F =5, P = %f‘ = l:;.

Now for phase difference corresponding
to path difference.

Phase difference = ?'{E % Path difference

A

.. Phase difference = 2?“

am A
3

(1)
If intensity at central fringe is I, then
intensity at a point, P where phase
difference is ¢, is given by

I=1l,cos’ ¢

2 .
= [=| [C052_n] =] [—COSEJ
0 3 0 3

iy _1J2_f_u
oL 2 4

Hence, the intensity at point P would

be 0, )
4

2

(ii) Given, Jmin _ 3_
"lmax 25

Bur [M]i¢££3
Ji+dn | 25 T i+, 5
50 =541, =3l + 341,

2, =8I,

L P |
.J'2
Ratio of intensities :—1 = 16
2
Ratio of widths of the slits 9 _ :_1 = % .
2 N



21,

(i) (a)

(b)

‘Two independent monochromatic
sources of light cannot produce a
sustained interference pattern'. Give
Teason.

Light waves each of amplitude a and
frequency ® emanating from two
coherent light sources superpose at
a point. If the displacements due to
these waves is given by y, = acoswt
and y, = acos(ot + ¢) where ¢ is the
phase difference between the two,
obtain the expression for the
resultant intensity at the point.

(ii) 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. Find out the intensity of light at a
point where path difference is A /3.

Ans.

(nH (a Two

independent  monochromatic

sources of ‘light cannot produce a

" sustained interference pattern

because their relative phases are
changing randomly. When d is
negligibly small fringe width B is
proportional to1/d may become too
large.Even a single fringe may occupy

the screen.
Hencethe pattern cannot be

detected.

Let two coherent sources of light, S, and
S, (narrow slits) are derived from a source
S. The two slits, S, and S, are equidistant
from source, S.

Now, suppose S, and S, are separated by
distance d. The slits and screen are distance D

apart.

NN |

Screen

(112)

Considering any arbitrary point P on the
screen at a distance y,, from the centre O.

The path difference between interfering waves
is given by S,P - 5,P



i.e. Path difference =5,P -5, P=5,M
S,P-S5,P=dsinb

where, S,MLS,P (1)
[.-£5,5,M = ZOCP (by geometry)

= S,P=PM=S5,P=5,M]

If 8 is small, then sin@ =08 =tan®

.. Path difference,

S,P-5,P=5,M=dsinB=d tan®

Path difference =d [%] (]

[+ InAPCO, tanf = oP. = —]
cO

For constructive interference
Path difference = nA, where,n=0, 1, 2, ...

dy, .
—0 = p) f Eq.
) n [from Eq. (i)]
Dnh
= Yn=7
Din+1) A
= ¥Yne1 = """d—

- Fringe width of dark fringe=y,,, -y,

[- Dark fringe exist between
two bright fringes]

ﬂ:%(n 1) - D;l O:(nﬂ n= D;'

Fringe width of dark fringe, p = %}L- (i)

For destructive interference
Path difference =(2n-1) %— wheren=12,3,...

ﬁ:&n_ ;L

= 1) > [from Eq. ()]

, {2n_1}Dl

n e ———

where, y/ is the separation of nth order dark
fringe from central fringe.

DL
YH+1 =(2n +1)E{T

(1)
:. Fringe width of bright fringe = Separation
between (n+ 1th and nth order dark fringe
from centred fringe,

= B=vri1—Vn

2n+1) DA (2n-1) DA
or = ———

2d 2d

2—1[2n+1-2n+1}- '3-— (2]

Fringe width of bright fringe, B = ?l- i)

From Eqs. (i) and (iii), we can see that,
fringe width of dark fringe = fringe width of
bright fringe

d (1/2)



(ii) Intensity, = 41, cos 2%} D)

where, I, is incident intensity and ! is
resultant intensity.

At a point where path difference is &

Phase difference, ¢ = 2% XAh=2n

Substituting the value of ¢ in Eq.(i), we get

}zmucoszz—;-zdiocosznzm'o:.‘(

At a point where path difference is 32,
3

Phase difference,

ou 2% 4L 28 T2
A A 3 3
1, = 4l, cos* ®_4 [EJ cos? *
2 4 3
:45){}_:5
4 4 4 (1)

22.In Young's double slit experiment,derive the condition for
(a)constructive interference and
(b)destructive interference at a point on the screen.
(i) A beam of light consisting of two wavelengths, 800 nm and 600 nm is used to obtain the
interference fringes on a screen placed 1.4 m away in a Young's double slit experiment. If
the two slits are separated by 0.28 mm, calculate the least distance from the central bright
maximum where the bright fringes of the two wavelengths coincide. [All India 2012]
Ans. (i)

Let two coherent sources of light, S, and

S, (narrow slits) are derived from a source

S. The two slits, S, and S, are equidistant

from source, S.

Now, suppose S, and S, are separated by

distance d. The slits and screen are distance D

apart.

Screen

LSS ILLS L

(1/2)
Considering any arbitrary point P on the
screen at a distance y,, from the centre O.

The path difference between interfering waves
is given by S,P - 5,P



i.e. Path difference =5,P -5, P=5,M
S,P-S5,P=dsinb

where, S,MLS,P (1)
[.-£5,5,M = ZOCP (by geometry)

= S,P=PM=S5,P=5,M]

If 8 is small, then sin@ =08 =tan®

.. Path difference,

S,P-5,P=5,M=dsinB=d tan®

Path difference =d [%] (]

[+ InAPCO, tanf = oP. = —]
cO

For constructive interference
Path difference = nA, where,n=0, 1, 2, ...

dy, .
—0 = p) f Eq.
) n [from Eq. (i)]
Dnh
= Yn=7
Din+1) A
= ¥Yne1 = """d—

- Fringe width of dark fringe=y,,, -y,

[- Dark fringe exist between
two bright fringes]

ﬂ:%(n 1) - D;l O:(nﬂ n= D;'

Fringe width of dark fringe, p = %}L- (i)

For destructive interference
Path difference =(2n-1) %— wheren=12,3,...

ﬁ:&n_ ;L

= 1) > [from Eq. ()]

, {2n_1}Dl

n e ———

where, y/ is the separation of nth order dark
fringe from central fringe.

DL
YH+1 =(2n +1)E{T

(1)
:. Fringe width of bright fringe = Separation
between (n+ 1th and nth order dark fringe
from centred fringe,

= B=vri1—Vn

2n+1) DA (2n-1) DA
or = ———

2d 2d

2—1[2n+1-2n+1}- '3-— (2]

Fringe width of bright fringe, B = ?l- i)

From Eqs. (i) and (iii), we can see that,
fringe width of dark fringe = fringe width of
bright fringe

d (1/2)



(i Given, A, =800 nm, A5 =600 nm
D=14mandd =0.28 mm
=28x10"*m
Let nth order bright fringe of A =800 nm

coincide with (n+1th order 600 nm
wavelength,

Dni, Din+1)h,
d d (12)
= ny=n+1A, (1/2)
nx800x10°? =(n+1) x 600 x107°
n+l_

n
1 1

n 3

n=3 (1/2)

~1=

w | W s

- Least distance from central fringe,
_Dnh,

R
1.4x3x800x107°?
- 28x10*
=12x10"%m
Yo =12mm

n

23.(i))What is the effect on the interference fringes to a Young's double slit experiment when
(a)the separation between the two slits is decreased?

(b)the width of the source-slit is increased?

(c)the monochromatic source is replaced by a source of white light? Justify your answer in
each case

(ii) The intensity at the central
maxima in Young's double
slit experimental set up is
Iy. Show that the intensity
at a point where the path

difference is A /3, is I, /4.
[Foreign 2012]

Ans.

(1) (a) From the fringe width expression,

A D
B= d

With the decrease in separation
between two slits, the fringe width B
increases. (1)

(b) For interference fringes to be seen,

s A

s d
Condition should be satisfied
where, s = size of the source,

S = distance of the source from

the plane of two slits.
As, the source slit width increases,
fringe pattern gets less and less sharp.
When the source slit is so wide, the
above condition does not satisfied and
the interference pattern disappears. (1)



(c) The interference pattern due to
different colour component of white
light overlap. The central bright fringes
for different colours are at the same
position. Therefore, central fringe is
white. And on the either side of the
central white fringe (i.e. 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 fringe pattern is seen.

(1)

(i) Intensity at a point is given by

| = 4" cos® ¢ /2

where, ¢ = phase difference,

I’ = intensity produced by each one of the
individual sources.

At central maxima, © =0, the intensity at
the central maxima, I =1, = 4/

I .
=2
ar 4 (i)

As, path difference = -}3‘7
Phase difference,

o = i—n x path difference

A3 3
Now, intensity at this point

I” = 4’ cos® ! (_2_11] = 4)’ cos? L
243 3

2 A 2=n
= — X =

4
or f”=%‘} [from Eq. (i}]

24 State the importance of coherent sources in the phenomenon of interference. In Young's
double slit experiment to produce interference pattern, obtain the conditions for constructive
and destructive interference. Hence, deduce the expression for the fringe width. How does
the fringe width get affected, if the entire experimental apparatus of YDSE is immersed in
water?[All India 2011]

Ans.To observe interference fringe pattern, there is need to have coherent sources of light
which can produce light of constant phase difference



Let two coherent sources of light, S, and
S, (narrow slits) are derived from a source
S. The two slits, S, and S, are equidistant
from source, S.

Now, suppose S, and S, are separated by
distance d. The slits and screen are distance D

apart.
E
% v
Sy _— 7 ] A ¥
/ 1]
%
B . B R - A d
T 1
_________________ B
D Screen
(1/2)

Considering any arbitrary point P on the
screen at a distance y,, from the centre O.

The path difference between interfering waves
is given by S,P - 5,P

i.e. Path difference=5,P -5, P=5,M
S,P-S5,P=dsinb

where, S,MLS,P (1)
[.-£5,5,M = ZOCP (by geometry)

= S,P=PM=S5,P=5,M]

If 8 is small, then sin®=0=tan®

.. Path difference,

$,P-5,P=5,M=dsinb~=d tan®

Path difference =d [%] i)

[+ In APCO, tan® = 2F = Yoy
o~ D

For constructive interference
Path difference = nA, where,n=0, 1, 2, ...

dy, :
0 = p) f Eq.
D n _ [from Eq. (i}]
Dnh
AR
Din+1h A
= Vn+|="“"d—

-+ Fringe width of dark fringe=y,,, -y,

[- Dark fringe exist between
two bright fringes]

ﬂ=%’i(n+n-—D;’“ =%m+1-m=%—"

Fringe width of dark fringe, p = 2—1 i)



For destructive interference
Path difference =(2n-1) %‘l wheren=12,3,...

yd A .

L =2n-1)— f Eq. (i)

= 5 2n 12 [from Eq. (i}]
, @n=-1DAM

p—1 yn: et

where, y’ is the separation of nth order dark
fringe from central fringe.

DA

2d (1)
- Fringe width of bright fringe = Separation
between (n+ Nth and nth order dark fringe
from centred fringe,

Ype1=@2n+1)

= B=vne1—Vn
or B = Eﬂi@'— - Q_”_'_”—m
2 2d
_ D DA

E[2n+1—2n+1}='i-a—' [2]

Fringe width of bright fringe, B = % - Ahii)

From Eqs. (ii) and (iii), we can see that,
fringe width of dark fringe = fringe width of
bright fringe
DA
Sy
(1/2)

(i) In this case, the light of blue colour interfere destructively and hence this colour would
subtract from white light. Thus, yellow colour fringe would be obtained at P.

25.What are coherent sources?Why are they necessary for observing a sustained
interference pattern? How are the two coherent sources obtained in the Young’s double slit
experiment?

(ii) Show that the superposition
of the waves originating
from the two coherent
sources, §; and S, having
displacement, y; = acosot
and y, = acos(of +¢) at a
point produce a resultant
intensity,

I=4a%cos? ¢/ 2

Hence, write the conditions
for the appearance of dark
and bright fringes.

[All India 2010C]

Ans. (i) Two monochromatic sources,which produce light waves, having a constant phase
difference are known as coherent sources.



Given,
¥, = a coswt
y, = a cos(mt + ¢)
(a) The resultant displacement is given by
y=yy+Vz
= a cosmt + a cos(at + ¢) -
= acosmt + a coswt cosd — asinmt sind
= a cosmt (1+ cos @) — asinwt sin

Put RcosB = all+ cosd) L)
RsinB=asing i)

By squaring and adding Eqgs. (i) and (ii), we
get
R? = a%(1+ cos’ & + 2 cos ¢) + a’ sin’ ¢
=2a*(1+ cos o)
2 ¢

= 4a’ cos® —
2

|=R*= 4.32{:@52E

¢

= 4!0 CGSz E

(b) For constructive interference,

cosg=i1or
2

$ =nmor
2
o=2nm
For destructive interference,
co&;E =0or
2
) by !
—=@2n+0—or
2 2
d=02n+ 1w

(if)

Let two coherent sources of light, S, and
S, (narrow slits) are derived from a source
S. The two slits, S, and S, are equidistant
from source, S.

Now, suppose S, and S, are separated by
distance d. The slits and screen are distance D

apart.
? P
T
7 2
7
Z A Y,
4 11
S IR 0 d
\ 1
] ) Emmmmmmm T B
y D Screen
(1/2)

Considering any arbitrary point P on the
screen at a distance y, from the centre O.

The path difference between interfering waves
is given by S,P - 5,P



i.e. Path difference =5,P -5, P=5,M
S,P-S5,P=dsinb

where, S,MLS,P (1)
[.-£5,5,M = ZOCP (by geometry)

= S,P=PM=S5,P=5,M]

If 8 is small, then sin@ =08 =tan®

.. Path difference,

S,P-5,P=5,M=dsinB=d tan®

Path difference =d [%] (]

[+ InAPCO, tanf = oP. = —]
cO

For constructive interference
Path difference = nA, where,n=0, 1, 2, ...

dy, .
—0 =n) f Eq.
) n [from Eq. (i)]
Dnh
= Y”ZT
Din+1) A
= yn+l d

-+ Fringe width of dark fringe=y,,, -y,

[- Dark fringe exist between
two bright fringes]

ﬂ:%(n 1) - D;l O:(nﬂ n= D;'

Fringe width of dark fringe, p = %}L- (i)

For destructive interference
Path difference =(2n-1) %— wheren=12,3,...

ﬁ:&n_ ;L

= 1) > [from Eq. ()]

, {2n_1}Dl

n e ———

where, y/ is the separation of nth order dark
fringe from central fringe.

DL
YH+1 =(2n +1)E{T

(1)
:. Fringe width of bright fringe = Separation
between (n+ 1th and nth order dark fringe
from centred fringe,

= B=vri1—Vn

2n+1) DA (2n-1) DA
or = ———

2d 2d

2—1[2n+1-2n+1}- '3-— (2]

Fringe width of bright fringe, B = ?l- i)

From Eqs. (i) and (iii), we can see that,
fringe width of dark fringe = fringe width of
bright fringe

d (1/2)



Condition for bright fringe or
constructive interference

cos (g) =%1 thenI=l,= 432

o}
= ~=nm
2
0=2nm
Also path difference = ZL x Phase difference
T
or X= i X 2nm
2n

Path difference, x = nh

Bright fringe obtained when path difference of
interfering wave is nA and phase difference is

2nm. (1)
Condition for dark fringe or destructive
interference

I=0= cos E =0

2
or 1:09E =0=cos(Zn+1) T
2 2
1] n
=5 E:(ZHH} Y wheren=0,12 ...

=  $=0Qn+Nmn=012 ..
Path difference,

A A
= =—x{(2n+1
X 2n><¢t 2ﬁ><{n+]rt
x=@2n+1 %
2

Path difference, x=(2n +1) %

Dark fringes obtained when interfering wave
have path difference is odd multiple of%— and

phase difference is odd multiple of . (2)

26. In a Young's double slit experiment,

(i)deduce the conditions for constructive and destructive interference. Hence, write the
expression for the distance between two consecutive bright or dark fringe.

(i)what change in the interference pattern do you observe, if the two slits, S; and are taken
as point sources?

(iii) plot a graph of the intensity distribution versus path difference in this experiment.
Compare this with the intensity distribution of fringes due to diffraction at a single slit. What
important difference do you observe? [Delhi 2009 c]

Ans (i)



Let two coherent sources of light, S, and
S, (narrow slits) are derived from a source
S. The two slits, S, and S, are equidistant
from source, S.

Now, suppose S, and S, are separated by
distance d. The slits and screen are distance D

apart.
E
% v
Sy _— 7 ] A ¥
/ 1]
%
B . B R - A d
T 1
_________________ B
D Screen
(1/2)

Considering any arbitrary point P on the
screen at a distance y,, from the centre O.

The path difference between interfering waves
is given by S,P - 5,P

i.e. Path difference=5,P -5, P=5,M
S,P-S5,P=dsinb

where, S,MLS,P (1)
[.-£5,5,M = ZOCP (by geometry)

= S,P=PM=S5,P=5,M]

If 8 is small, then sin®=0=tan®

.. Path difference,

$,P-5,P=5,M=dsinb~=d tan®

Path difference =d [%] i)

[+ In APCO, tan® = 2F = Yoy
o~ D

For constructive interference
Path difference = nA, where,n=0, 1, 2, ...

dy, :
0 = p) f Eq.
D n _ [from Eq. (i}]
Dnh
AR
Din+1h A
= Vn+|="“"d—

-+ Fringe width of dark fringe=y,,, -y,

[- Dark fringe exist between
two bright fringes]

ﬂ=%’i(n+n-—D;’“ =%m+1-m=%—"

Fringe width of dark fringe, p = 2—1 i)



For destructive interference
Path difference =(2n-1) -;_'l wheren=12,3,...

= Y”d =(2n-1) —?5'- [from Eq. (i)]
. (2n-1) D A
= Vn=—"""7""
2d

where, y/, is the separation of nth order dark
fringe from central fringe.

Yoo =20 +1) 25 o
. Fringe width of bright fringe = Separation
between (n+ Nth and nth order dark fringe
from centred fringe,

= B=vne1—Vn
o B_(2n+1)Q}_“{2n-—1}Dl
2 2d
_Di DA

—2n+1-2n+1}= -——[2]
"~ 2d [ 1= 2d

Fringe width of bright fringe, B = % (i)

From Eqs. (ii) and (iii), we can see that,
fringe width of dark fringe = fringe width of
bright fringe
-
d (1/2)

: ? To f‘ nd the paint of CDLI‘ICJdETICE of br|ght fr]nges ]
we can equate the distance of bright fringes from
the central maxima, made by both the
wauelengths of I|ghr i

Gwen D—]r‘nd 4x10 ’m, JL —JGOnI‘n,
and &, =420 nm

Let nth order bright fringe of A, coincides with
(n + Nth order bright fringe of & ,.

Dnk; Dn+1)A,

p g (Ay>h>)
= nhy=Mn+1) 4, 1)
n+1_ A&,
:'_: — it
n A,
1 560x107°
14— = k.
n 420x10°?
1 4
= T+—-=—
n 3
- L b
n 3

. Least distance from the central fringe

where bright fringe of two wavelength
coincides.

= Distance of 3rd order bright fringe of A,



3DA,
= y = —_—

! d
_3x1x560x107°
T ax107?

¥, =420%10"%m
=0.42x10"* m

¥, =0.42 mm (1)

Thus, 3rd bright fringe of A, and 4th bright

fringe of & , coincide at 0.42 mm from central

fringe.

(iBeing two independent sources, the difference between the waves from two sources is not
constant and hence interference pattern cannot be seen on screen.

(iii) Graph of the intensity distribution versus path difference

First
bright

Central
bright

Aysusiuy

Intensity distribution curve

Central
maximum

First order
maximum

-5 B

d d d d

Intensity distribution curve and
diffraction pattern due to single slit

The intensity of bright fringes in interference is same for all the bright fringes whereas in
diffraction pattern, the central fringe is brightest and intensity of secondary maxima
decreases with the increase of their order.

27.(i)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 does
no interference pattern observed?

(ii)Obtain the condition for getting dark and bright fringes in Young's experiment. Hence,
write the expression for the fringe width.

(iii)If s is the size of the source and d be its distance from the plane of the two slits. What
should be the criterion for the interference fringes to be seen.[HOTS; Delhi 2006]

Ans.

| C) Here concept of superposition will be used ie.
i " disturbance at a point will be equal to
! displacement produced by individual sources.

|
e e e ——e O v e sy e

(i) Coherent sources of light Refer to Ans -1 Two different sodium lamps cannot produce
interference fringe pattern as they are unable to maintain constant initial phase difference
between them.



(u) Let two interfering waves at any point in
“'++ the region of superposition are given by
y; = a sinwt, and
¥, = a sin{ot + ¢)
By principle of superposition of waves,
Y=¥i1t¥,
y = a; sinwt + a, sin (ot + ¢)
= g, sinwt + a, sinwt cos ¢
+ a, coswt sin ¢
y=(a, + a, cos ¢) sinwt + (a, sin ¢) cos wt
or y=Acos0sinwt+ Asind cosmt (1)

where, A cosf=a,+a, coso (i)
and Asin@=a, sind (i)
= y=A((sinwt cosd + coswt sin6)
y = A sin (ot +0) (i)

where, A is the resultant amplitude of
interfering waves.

Now, squaring and adding Eqs. (i) and (ii),
we get

(A cos8)? + (A sin0)? = (a, + a, cos ¢)?
+ (a, sin ¢)
A*(cos? @ + sin?0) = af + a3 cos’ ¢

+2a,a, cosd + a§ sin’ ¢

p y . 7
A = a] + a} (cos? ¢ + sin” ¢) + 2a,a, cos ¢
A?=al + a3 +2aa, cos ¢ V)
For constructive interference
A=A = cosp=+1
= ¢=2nn  where,n=0,12,...
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