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Chapter 6
Interference

Interference: Interference: Division of amplitude and division of wavefront. Young’s

Double Slit experiment. Lloyd’s Mirmror & Fresnel’s Biprism Phase change on

reflection: Stokes™ treatment. Interference in Thin Films: parallel and wedge-shaped

films. Fringes of equal inclination (Haidinger Fringes): Fringes of equal thickness

(Fizeau Fringes). Newton's Rings: measurement of wavelength and refractive index.
(12 Lectures)

Q: Discuss coherent and incoherent sources.

Ans: whenever the two needles vibrate with a constant phase difference, a
stationary interference pattern is produced. The positions of the maxima and
minima will, however, depend on the phase difference in the vibration of the two
needles. Two sources which vibrate with a fixed phase difference between them
are said to be coherent.

the two needles are sometimes vibrating in phase, sometimes vibrating out of
phase, sometimes vibrating with a phase difference of p/3, etc.; then the
interference pattern will keep on changing. If the phase difference changes with
such great rapidity that a stationary interference cannot be observed, then the
sources are said to be incoherent.

Q:derive the expression for intensity by superposition of two waves.
Ans:

Let the displacement produced by the sources at 5; and
5, be given by

.1-'1 = a cos f
° 11
Vy =acos(®f+¢) an

Then the resultant displacement 13

y=y;+¥; =2acos % cos (@7 + % ) (12)

EES F =
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The intensity I which 1s proportional to the square of the
amplitude can be written in the form

I = 41, cos’ ¢ (13)
2
where I 15 the mtensity produced by each one of the sources
individually. Clearly if g=2mn +3m, . . . the resultant intensity

will be zero and we will have minima. On the other hand,
when ¢ = 0, £2n, £4m, . . ., the ntensity will be maximum
(= 41;). However, if the phase difference between sources S,
and S, (1.e., ¢) 1s changing with tume, the observed infensity
15 given by

| \
I =4, B q_; (14)

}
| 2l
where l:) denotes the time average of the quantity mside

the angular brackets; the time average of a tume-dependent
function 1s defined by the relation

+Ti 2
B 1 "

(f() = ; | rwadt (15)

-2

where T represents the time over which the averaging
is carried out.

Q:describe youngs double slit experiment.
Ans:
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Let S; and S, represent the two pmbholes of Young’s interference
expennment. We want to deternune the positions of maxuna and
of mumma on hne I whach 1s parallel to the y axis and les mn
the plane contaimng pomts S, S;, and 5; (see Fig. 14.8). We will
show that the mterference pattern (around point O) consists of
a senies of dark and bright lines perpendicular to the plane of
Fig. 14.8; pomnt O 1s the foot of the perpendicular from pomt S on

the screen.
For an arbitrary point P (on line LL") to correspond to a
maximum. we must have

S,P — SiP = nh n=0.0 2. (17)

Now.

(55P) —@S(PY = | D* + (-},.It + %) :l
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Lll'
Fig. 14.8 Arrangement for producing Young's interference
Ppattern.
where
SISI =d and OFP = ¥n
Thus
PSP 2)ud (18)
X e\ s TR

If y,. d << D, then negligible error will be mtroduced if
S,P + 5P 1s replaced by 2D. For example, for d = 0.02 cm,
D=50 cm, and OF = 0.5 cm (which corresponds to typical
values for a light interference experiment)

S2P + §,P =[(50)" + (0.51)"]"% + [(50)* + (0.49)"]""
~ 100.005 cm
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Thus if we replace S.P + S;P by 2D. the error involved 1s
about 0.005%. In this approximation, Eq. (18) becomes

v, d

SP — 8P = ID (19)
Using Eq. (17), we obtain
AD
Yn = d (20)

Thus the dark and bright fringes are equally spaced, and the
distance between two consecufrve dark (or bright) fringes 1s
given by
=. (n+DAD nAD
d d
AD
d

ﬂ' = Va1 = Vy

(21)

or B =
which 15 the expression for the fringe width.

To determune the shape of the interference pattern, we first
note that the locus of pomnt P such that

S,P=S:P=A (22)
15 a hyperbola m any plane contaiming points S; and S; (see
Example 14.2). Consequently, the locus 15 a hyperbola of
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revolution obtained by rotating the hyperbola about the axis
515,. To find the shape of the fringe on the screen, we
assume the origin to be at pomnt O and the = axis to be per-
pendicular to the plane of the screen as shown mn Fig. 14.6.
The y axis 1s assumed to be parallel to 5,5;. We consider
an arbitrary pomnt P on the plane of the screen (1.2, z = 0)
(see Fig. 14.6). Let 1ts coordmnates be (x, y, 0). The coordi-
nates of points S, and S, are (0, d/2, D) and (0, —d/2, D)
respectively. Thus

: 1/2
§,P—S§,P= {TE +(_1=+ g] + Dj}

Hence.

(= A2y? —AN? = ﬁz[ﬂz 3 i{dg = ,rf)}
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which 1s the equation of a hyperbola. Thus the shape of the
fringes 1s hyperbolic. On rearranging, we get

B 1s. 5 1 T
_}-zi[ ] [_r*+D‘+E{d2—.ﬁ‘j}} 23)

Q:explain llyods mirror arrangement.
Ans:

In this arrangement, light from a slit 5 1s allowed to fall on a
plane mirror at grazing mcidence (see Fig. 14.21). The Light
directly conung from slit 5, interferes with the light reflected
from the mirror, formung an interference pattern in the region
BC of the screen. One may thus consider slit S and 1ts vir-
tual image 5, to form two coherent sources which produce
the mterference pattern. Note that at grazing incidence one
really need not have a murror; even a dielectric surface has
very hugh reflectivity (eeecthss 54

As can be seen from Fig. 14 21, the central fringe cannot
be observed on the screen unless the latter 15 moved to the
position L°L’,5, where 1t touches the end of the reflector. Al-
ternatively, one may introduce a thin mica sheet in the path of
the direct beam so that the central fringe appears in the re-
gion BC. (This 1s discussed in detail in Prob. 14.2) Indeed, 1f
the central fringe 1s observed with whate light, 1t 1s found to
be dark. Tlus implies that the reflected beam undergoes a
sudden phase change of t on reflection. Consequently, when
point P on the screen 1s such that
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$yP — 5P =nh

https://alllabexperiments.com

n=0.1.2.3 .

we will get munima (1e, destructive interference). On the

other hand, 1f

SyP — S,P = [n+é]l

we will get maxima.
, L
I
I
I _—B
| -
3= tP
s T
1‘-;":-:———_‘__\_ e | | G
-\_\-"'"-.\_\_ [ __~—_.--'f-‘-_\_ | _,_——___-_
_?.ﬁmfzw{z;zﬁﬂ:‘___
Al !
l\_}z-‘d____ i
|
Ly
L5 L
Fig. 14.21 The Lloyd’s mirror arrangement.

Q: discuss fresnel’s biprism.

Ans: Fresnel devised yet another simple arrangement for the production of
interference pattern. He used a biprism, which was actually a simple prism, the
base angles of which are extremely small (~20’). The base of the prism is shown in
Fig. 14.19, and the prism is assumed to stand perpendicular to the plane of the
paper. Point S represents the slit which is also placed perpendicular to the plane
of the paper. Light from slit S gets refracted by the prism and produces two virtual
images S1 and S2. These images act as coherent sources and produce interference
fringes on the right of the biprism. The fringes can be viewed through an

eyepiece. If n represents the refractive
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index of the materal of the biprism and o the base angle, then
(n — 1)oe 1s approximately the angular deviation produced by
the prism. and therefore the distance 5,5, 1s 2a(n — 1)o, where
a represents the distance from § to the base of the prism.
Thus forn=15 0=20 =58 x 107 radians, @ = 2 cm, one
gets d=0.012 cm.

The biprism arrangement can be used for the determuna-
tion of wavelength of an almost monochromatic light such as
the one coming from a sodmm lamp. Light from the sodmm
lamyp illuminates slit S, and mterference fringes can be easily
viewed through the eyepiece. The fringe width [ can be

I I
i i s /\
— '
e s |
d 8 <= ! — °
iS:—-E':tE% : : = | }
o/ '\/,
L, L
le—a . 2 1 by C L
o by |
= - .D -

Fig. 14.19 Fresnel's biprism arrangement. Points C and
L represent the positions of the crosswires
and the eyepiece, respectively. To determine
d, one introduces a lens between the biprism
and the crosswires; L; and L, represent the
two positions of the lens where the slits are
clearly seen.
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determuned by means of a mucrometer attached to the eye-
piece. Once B 15 known, A can be determuned by using the
following relation:

. _dB
D
To determine d. one need not measure the value of ¢ In fact
the distances d and D can be easily determuned by placing a
convex lens betwelen the biprism and the eyepiece. For a
fixed position of the eyepiece there will be two positions of
the lens (shown as L; and L, in Fig. 14 19) where the images
of §; and S; can be seen at the eyepiece. Let d; be the dis-
tance between the two images when the lens 1s at position
(at a distance b; from the eyepiece). Let d; and b, be the
corresponding distances when the lens 1s at L,. Then 1t can
be easily shown that

(34)

d = Jaud,
and

D=b+b
Typically for d = 0.01 cm, A = 6 x 10~ em, D = 50 cm, and
f=03cm

In the above we considered here a slit instead of a pomnt
source. Since each pair of pomnts 5; and 5; produces (ap-
proximately) straight-line fringes, the slit will also produce
straight-line fringes of increased intensity.




Waves & Optics [Quick Notes] https://alllabexperiments.com

Q:Describe the phase change on reflection.hence derive stoke’s relation.
Ans: We will now investigate the reflection of light at an interface between two

media, using the principle of optical reversibility. According to this principle, in
the absence of any absorption, a light ray that is reflected or refracted will
retrace its original path if its direction is reversed.

Consider a light ray incident on an interface of two media of refractive indices n
and n; as shown in Fig. 14.22(a). Let the amplitude reflection and transmission
coefficients be r1 and t;, respectively. Thus, if the amplitude of the incident ray
is a, then the amplitudes of the reflected and refracted rays are ar: and at;,
respectively.

We now reverse the rays, and we consider a ray of amplitude atl incident on
medium 1 and a ray of amplitude ar; incident on medium 2 as shown in Fig.
14.22(b). The ray of amplitude at; will give rise to a reflected ray of amplitude
atir; and a transmitted ray of amplitude atit;, where r; and t; are the amplitude
reflection and transmission coefficients, respectively, when a ray is incident
from medium 2 on medium 1. Similarly, the ray of amplitude ar; will give rise to
a ray of amplitude ar, 1 and a refracted ray of amplitude arit:. According to the
principle of optical reversibility, the two rays of amplitudes ar, 1 and atit; must
combine to give the incident ray of Fig. 14.22(a); thus

5
ary + HTITJ =d

Rl o Rar.lz -~
a\\ 1/ atqtz ary
\ \// m L
r?z

5.'1

b
(a) (b)

Fig. 14.22 (a) A ray traveling in a medium of refractive in-
dex n; incident on a medium of refractive index
. (b) Rays of amplitude ar; and at, incident on a
medium of refractive index n,.
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or

hiy=1-r (38)
Further, the two rays of amplitudes afyr; and arf; must
cancel each other, 1.e__

aﬁrg + ﬂ?‘lf‘l =0

or Xy ==y (39)

Since we know from Lloyd’s murror experiment that an abrupt
phase change of m occurs when light gets reflected by a
denser medium, we may infer from Eq. (39) that no such
abrupt phase change occurs when light gets reflected by a
rarer medium. This 1s indeed borne out by experiments. Equa-
tions (38) and (39) are known as Stokes’ relations.

Q:Discuss interference by thin films.
Ans:
Suppose monochromatic light is incident on a thin film of thickness t and having an index
of refraction n. Part of this light reflects back toward the observer from the top and bottom
surfaces of the thin film toward the observer, and part 1s transmitted through the thin film, (Reteg,

souroe abservar

xx%

B

T

iﬂﬂl. n ¢

|

Figure 1. Monochromatic light shown reflecting off the top and bottom surfaces
of the thin film. The transmitted light is not shown.
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The light leaving the source 1s in phase. However, upon reflecting from the thin film back
to the observer, the light will necessarily be out of phase due to the extra distance ray B travels
as it reflects off the bottom surface of the thin film. If the light hits the surface perpendicularly or
almost perpendicularly, then the extra distance ray B travels 1s twice the thickness of the thin

film at the point where the light 18 incident. This extra distance and the corresponding phase
differences are related to each other as

phase difference = path difference
2n wavelength with in the thin film (1)
¢ 2
= g 2
2z A~ @

where ¢ is the phase difference, t is the thickness of the film, and %y, is the wavelength of the
light in the thin film. In this case, the thin film has an index of refraction n and A = A/n, where A
is the wavelength of the light in air. Equation (2) then becomes
g 2y
2% @)

If two waves interfere and the phase difference between them 1s 2mm, where m =0, 1, 2,
..., then constructive interference results. And, if the phase difference 15 2{m — %), where m = (,
1,2, ..., then destructive interference results. Other phase differences give partial constructive or
destructive interference.

When the phase difference, ¢, in (3) 1s replaced by the values of the phase difference, the
results are

2tn=mil. m=0]12,.. (4)

for constructive terference, and

2tn ={m+-zl-}?., m=012.. (5)
for destructive interference.

An added complication arises in thin film interference. It is found that when light traveling
in a medium of one index of refraction is reflected from a surface of higher index. a -n phase
shift occurs. No phase shift occurs at the surface when the reflecting surface has a lower index of
refraction. The result 1s that if the total number of phase shifts that rays A and B undergo is zero
or an even number, then (4) and (5) hold as above. But, if an odd number of phase shifts occur,
then (4) corresponds to destructive interference and (5) corresponds to constructive interference.
That 1s,

2tp=mA. m=0]12,_. (6)

for destructive interference. and
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\
Ji, m=012,.. (7)

b | —

Huz[m+
for constructive interference.

Q: what are haidinger fringes.

Ans: Haidinger fringes are interference fringes formed by the interference of
monochromatic and coherent light to form visible dark and bright fringes. Also
known as fringes of equal inclination, these fringes result when light from an
extended source falls on a thin film made of an optically denser medium.

They are also known as fringes of equal inclination because the changes in the
optical path are due to the changes in the direction of incidence and hence in
the value of ©

Q:what are fizeau fringes.

Ans: Interference fringes of monochromatic light from interference in a
geometrical situation other than plane parallel plates are known asFizeau
fringes.they are also known as fringes of equal thickness. Interference fringes in
light from a Fizeau interferometer.

Q:derive an expression for refractive index index of liquid from newton’s ring
experiment.

Ans: The experiment is performed when there is an air film between the plano-
convex lens and the optically plane glass plate.The diameter of the m'" and the
(m+p)t™ dark rings are determined with the help of a travelling microscope.

For air

. P N 2 _
D? ., =4(m+p)AR,D? =4mAR

m+p

D 4o~ D =4PAR

m

As shown in figure arrange the lens with glass plate. Pour one or two drops of
liquid whose refractive index is to be determined without disturbing the
arrangement. Now the air film between the lens and glass plate is replaced by
the liquid. The diameters of m+p'" and m'" rings are determined.
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For liquids,

2utcosr=ma for dark rings

For normal incidence cosr =1,s0

2ut=mAa
ot ot =2
- 2R T2

Rearranging the above eguation ,we gst

M
L
T C
Y e § 2 el

dmAR
p? = =
I
D? . —D? = 4pAR
m+p m — P
We have
: .y ApAR
2 2
'D‘J'ﬂ.+j:l - D, = T
for liguids,

https://alllabexperiments.com

From these two euations the refractive index of the given liquids is given by

2 e
Dm+p Dm

T A2 A2
Dm+po

1]
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Chapter-7
Michelson’s interferometer

Michelson’s Interferometer: Construction and working. Idea of form of fringes (no
theory needed), Determination of wavelength, Wavelength difference. Refractive

index, and Visibility of fringes. (4
Lectures)

Q: Describe the construction and working of Michelson Interferometer. Explain
how you will determine the wavelength difference of two components of a line
by Michelson Interferometer.

OR
Explain the working of Michelson's interferometer. How circular fringes he
produced with it.
Ans: Working of Michelson's Interferometer :
Michelson designed an instrument for the measurement of wavelength of
sodium light, thickness of thin film and for many applications. The instrument is
based on principle of interference of light known as Michelson's Interferometer.

It is based on principle of interference of light by the way of division of
amplitude. According to this the incident beam is divided into two parts and
sent into two perpendicular directions and brought back together by using
plane mirror to interfere each other.

ST
Y AR
1 M+
X X, f
3y
@ o \
b
(@ 3
. P L ¥ _'} %
- 3 =
N
By
L (5)1 18 M,

4

Fig. 1534 Schematic of the Michelson interferometer.
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Construction:

It consists of two highly polished plane mirror M1 and M2, with two optically
plane glass plate G1 and G2 which are of same material and same thickness. The
mirror M1 and M2 are adjusted in such a way that they are mutually
perpendicular to each other. The plate G1 and G2 are exactly parallel to each
other and placed at 45° to mirror M1 and M2. Plate G1 is half silvered from its
back while G2 is plane and act as compensating plate. Plate G1 is known as
beam-splitter plate.

The mirror M2 with screw on its back can slightly titled about vertical and
horizontal direction to make it exactly perpendicular to mirror M1. The mirror
M1 can be moved forward or backward with the help of micrometer screw and
this movement can be measured very accurately.

Working:

Light from a broad source is made paralied by using a convex lens L. Light from
lens L is made to fall on glass plate Gi which is half silver polished from its back.
This plate divides the incident beam into two light rays by the partial reflection
and partial transmission, known as Beam splitter plate. The reflected ray travels
towards mirror M; and transmitted ray towards mirror M,. These rays after
reflection from their respective mirrors meet again at 'O' and superpose to each
other to produce interference fringes. This firings pattern is observed by using
telescope.

Functioning of Compensating Plate:

In absence of plate G: the reflected ray passes the plate G; twice, whereas the
transmitted ray does not passes even once. Therefore, the optical paths of the
two rays are not equal. To equalize this path the plate G2 which is exactly same
as the plate G: is introduced in path of the ray proceeding towards mirror M.
that is why this plate is called compensating plate because it compensate the
additional path difference.

Measurement of Wavelength of Monochromatic Light:

Monochromatic Light is allowed to fall on plate Gi. The M.I. is adjusted for
circular fringes. For this mirror M, is made exactly perpendicular to mirror M.
with the help of leveling screw and movable mirror M; is moved in such a way
so that G1M. = G1M;.
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Consequently circular fringes are observed when viewed through telescope.
Suppose the separation between real mirror M: and image of mirror Mz, M;' is
such that a n'" order dark ring is formed at the centre in the field of view. Thus
the conditions for dark fringe at centre.

Formation of Circular Fringes:

The shape of fringes in M.l. depends on inclination of mirror M1 and M..

Circular fringes are produced with monochromatic light, if the mirror M; and M.
are perfectly perpendicular to each other. In this position an image of mirror
M;, M_' is formed due to half silvered polished plate G;, just below the mirror
M;:. The virtual image of mirror M, and the mirror M: must be parallel.
Therefore it is assumed that an imaginary air film is formed in between mirror
M1 and virtual image mirror M.

The interference pattern can be considered as the rays of light reflected, from
the surface of mirror M; (real) and mirror M; (virtual). Therefore, the
interference pattern will ve obtained due to imaginary air film enclosed
between M; andM'.

From Fig. if the distance M; and M; and M'; is'd’, the distance between S'; and
S’ will be 2D.

These circular fringes which are due to interference with a phase difference with
a phase difference determined by the inclination '0' are known as fringes of
equal inclination.

Circular fringes can be seen by telescope because they are formed at infinity
because they are formed due to two parallel interfering rays. When d becomes
zero, the whole pattern becomes dark. Since a circular fringe is formed at the
same inclination so they are called fringe of equal inclination and also called
Haidinger's fringes.






