CHAPTER 9

e —

INTERFERENCE OF LIGHT
9.1  INTRODUCTION :

When two or more disturbances arrive at a point in space
simultaneously the resultant disturbance at that point, according to the
principle of superposition, is given by the vector sum of the disturbances
which are assumed to be small. The differential wave Eq.(8.3-1)
governing the propagation of a disturbance in the form a wave is a
second order, linear homogeneous equation. If y, and y, are two
solutions then y,+y, is also a solution to this equation. It is in
accordance with the pr1nc1p1e of superposition. An important consequence
of the principle of superposition is that when two beams of light
intersect, the propagation of each beam is completely unaffected by the
presence of the other. However, in the region of crossing both the beams
act simultaneously and we expect a change in intensity. A case of utmost
importance occurs when monochromatic waves of light from two sources
proceed almost in the same direction and superpose at a point either
in same or in opposite phase. Then the intensity of light at that point
will be maximum or minimum according as the waves meet the point
in the same or in opposite phase. This phenomenon is known as

interference of light. This phenomenon requires for its explanation that
light must have a wave nature.

9.2 THEORY OF INTERFERENCE :

Suppose a narrow slit S is illuminated with monochromatic light of
wavelength A. There are two other slits S, and S, equidistant from S.
According to Huygens’ principle cyhndrlcal wavelets spread out from
the slit S. As SS, = SS,, the wavelets will reach S, and S, at the same
time instant. Hence new secondary wavelets will start from S, and S,
and diverge towards the screen. These wavelets start with equal phase
and hence S; and S, may be considered as coherent sources. Let us
represent the complex disturbances constituting light waves at S, by

y = a,e' ..(9.2-1)

In travelling from S, to any point P on the screen the phase of the
2m

wave changes by _X—SIP - Txl = kxl Hence at the instant ¢ the

1" 1 n ~
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Here A is the amplitude of the res

a, sinkx; + @2 sinkxy
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y= Ae
A?= a?+ b2 = af +a% +2a a9 COSk(x2 = xl) ...(9.2-5)

ultant disturbance. Hence the

intensity of-light at P is given as

I = A?

= al2 +ab +2a,a9 cosd ...(9.2-6)

where & = k.(x3 - %) = 2%(acz —x,) is the phase difference between the

interfering waves. Obviously this phase difference depend.s on the patb
difference x, — %; and hence on the position of the point P. Now if

§=2mnor, x5-% = 2mg; m = 0,1,2,3..., then intensity I is maximum

and proportional to ( +a2)2. Thus when the path difference of the

point P from the two
sources 1s even multiple
of /2 the intensity of
light at that point
becomes maximum and
we get a bright band
there. This is known as
constructive interference.
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on the other hand, if & = (2m + Ly or, xy — x; =(@m + M2
= 0.1,2,3...then intensity I is minimum and proportional to (a; ~ a)?.
Thus ‘when the path difference of the point P from the two sources
jtiple of A/2 the intensity of light at that point is

dd mu
m and we get a nearly dark band there. This is known as

is: 2
minimu :
destructive interference.
When @, = @y, the amplitudes of the disturbances are equal, the
minimum intensity is zero and we get alternately bright and completely
dark bands as we go away from the central bright band. The phenomena
which are produced on the screen at a particular instant of time when
waves from the two coherent sources S; and S, superpose, are illustrated
in the Fig. 9.2-2. C is a point on the screen which is equidistant from
e waves from the

S, and S, and hence its path difference is zero. Th

o

%]
~

Fig. 9.2-2

sources S; and S, (whose phase difference is permanently zero) meet
at C in the same phase (crests of both the waves fall at C). At this
point the resultant amplitude is sum of the amplitudes of individual
waves and hence we get a bright band there, known as the central bright
band.
‘ If we take a point P, on the screen whose path difference from S,
and S, is A/2, then the waves meet at P, in the opposite phases (the
crest of the wave from S, falls on the trough of the wave from S,)
and we get a dark band there known as first order dark band.
Again the path difference of another point P, on the screen from
S, and S, is 2A/2 and the waves meet there in the same phase (troughs
of both the waves fall there) which is, therefore, a position of the next
bright band known as the first order bright band. Thus as we proceed
from C, the path difference changes from odd to even multiples of A2
causing respectively an alternation of minimum and maximum intensity
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i - (i) Is light energy destroyed s
Let us answer two important et two different candl 2 al
By interference? (il) Why are light waves from two nates not E:
seen to interfere? R : 3
(i) No destruction of light energy occurs 1n 1nterfer1;ilnce of light. W}}at \ 3
happens is merely a redistribution of energy. e energy which 1

disappears from the dark regions actually goes tO_ the bright regions,
The average value of energy over a number of fringes can be shown
to be the same as if the interference effects were absent. Taking the

constant of proportionality to be one the intensity I can be expressed
from Eq. (9.2-6) as

I=a?+ a22 + 2a,a, cosd

where a; and a, are the amplitudes of the waves and § is the phase

difference.

|
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(ii) When ]j
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t but as two different candles cannot be
idly with

hase difference goes on changing very rap
point there is rapid alternation of brightness

rC‘bL 'd h ence we get general illumination.

s 8 T
“-;m‘d'”.kuu - D SHAPE OF INTERF

nstan

ERENCE FRINGES :

s
t C at the fig. 9.3-1

2d hencg ve
- and 2, If the phase
i e e otween the two coherent sources is nil the waves from Scll
t | difters will meet at C in same phase and will produce 2 pbright ‘Dgn ;
1 and 5 as central bright pand. Let the mth bright band be forme ﬂale
" -‘ knO“}]lI:)se Jdistance from C is x,(say). Now in Fig. 9.3-1, D is {2
: | gration peween the sources "and the screen; d is the separatl
b?zween the coherent sources.
2
d
SoRa= D? +{xm +—2—}
1
= b o5
Lo
ol SQP = Ik D

Since usually

o
Similarly, S,P~D 1+— —-—5—2 3

+i
D>>d, SoP = D 1+— ————5*2-

(9.3

.(932)
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222 A Text Book on Light
Now for mth order bright fringe at P,
S, P-8,P =mh\
Using Eqs. (9.3-1) and (9.3-2) we get,
x"l'd
D
Similarly, the distance of (m+1)th bright fringe from ¢ will be

=mA, or, x, = m.-;i——

Xpnap = (M4 1)7

Thus the distance between two consecutive bright bands woulq be
| AD

P= Xmal — Xy = 7 (93'3)
If P be the position of mth order dark band then
A D A D
X =(2m+1)= .= X =(2m+2+1)=.=
(m+)2 ¥ and X,y = ( )2 d

(9.3-4)

the digtances (B) between two
ugl. B is known as fringe width,
for B can be used to

along OX and
Perpendicular ¢
’ > -6 —3 Y point P(y, x) we

S. FOI' a_ny
can write

2
i D e SO SlP2=y2+(x—i) and

v

2

) 2
Fig. 9.3-2 SgP = y2 +(x +_g_)
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‘ Interference of light
' / is the geparation between ¢the slits. The path difference,
0 ¢ a ;
‘\tllll( o 'S'ZI)_ 'S'IIJ

or

' gides
squ:u'mg both side l

2715

D) d A
& ym-(x*r_ = 2xd — A?

2
Squaring again and rearranging we get
2

xz

| "n(x— 5{)2”2
AN 18 2

and rearranging we get,

2 1 .(9.3-5)

2 e
o= 8)]

Thus t
hyperbolae with S, an

hyperbolae are given by

4

In optical experiments the path diffe

Therefore, e is very high and as a cons
practically straight lines given by

1
dZ_ 2 |9
y==% T =

ts we use two coherent point sources S; and S, then

If instead of sli

in three dimensional space the loci of maxima 1.

different order numbers will form
a system of confocal hyperboloids
with S, and S, as foci (Fig. 9.3-
3). If a screen is placed parallel
to the line joining S, and S, then
short straight line fringes
(parallel to the length of the slits
placed at S; and S,) will be
obtained. If the screen is placed
perpendicular to the line joining
S, and S,, we shall get a number

A2/4'— (dZ_Az)/4 =

he loci of points of constant path di
d S, as foci on x-axis.

A2 d?-
e=[——+

fference A in xy plane are
The eccentricities of the

1
a2, At
2 A

rence A~10-8 cm and d~10"2 cm.

equence the hyperbolae become

e., bright fringes of

\i/
e e e

Fig. 9.3-3

of alternately bright and dark concentrie circles with their common
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. istance of colours _
is th}i ndgth 1. So the fringes © d fferente oo e
or ¢ fis this &0 pe white wit
for the central ban : ol ban il
11 wavelengths will coincide and the cen R s greater
:vhite light. For higher order pright fringes (mf 4 ﬂllight s
for a light of longer wavelength 2 d less or e Ry
length. As the wavelength A for red light 18 g o0
avelongth o\fer that all pright bands, excepting the
' ] be in the

. will be coloured 1 b
olet will be in the ‘nnermost position- When

while vi =
between interfering waves is large the condition for
constructive interference for one wavelength and the condition for o
destructive interference for another wavelength may be satisfied at the
same point. In that case the resultant illumination cannot be distinguished ) e
from white light. So for observable fringes with white light the path
difference should be kept very small. In this case we get a few coloured ‘i
1{ b

wavelength A,

central bright pand
outermost position
the path difference

fringes on either side of the central white fringe.
9.5 SLSTN[%:}%I?NS FOR OBSERVABLE INTERFERENCE -
B e e e e % é
Art(,i)l g‘l; two beams of light which interfere must be coherent (See | :

Two sources are said to be coherent if the phase difference ¢ between

the sources remain '
s constant in tim
changes conti e. If the sourc '
ges continually and we get uniform general fl?uﬁ'e lrg_coherent t
Ination.

(ii) The interferin
_ g waves must h m
amplitudes m ave the same
ust be equal or very nearly Sl frequency. Also, their

If the amplitudes a
. : d a, diffl i
in the bright region il ;.n o differ widely then the i :
that, (@, ~a.)? i e Intensity, (
, (@,~a,)? in the dark reg; ¥ (@ + a,)?
gion N

Significantly and h :
enc ' : b '
e Intensity variation cannot be will not differ
Tecognised
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monochromatic or very nearly
the optical path

must be
is heterogeneous
kept very small.

monochromatic.
difference between the
AD/d between consecutive brigh dark fringes is a
vos for different colours will be in step only at
ol out of step on either side of central
wrge then dark fringes for some
he bright fringes of some other

along the same

Interference of light

The original source
Iff the light source
interfering beams must be

t or

(1)

The spacing
function of A. So fring
the central fringe and soon g
fringe. If the path difference is It
wavelengths may be masked by t
wavelengths.

The two interfering beams must propagate
must intersect at a very small angle.
interfering wavefronts is large or the
is large the spacing between the
d may become indistinguishable

av)
direction or
If the angle between the two
distance between the coherent sources
interference fringes becomes small an
must be in the

even under high magnification.
(v) For interference with polarised light the waves

same state of polarisation.
TWO CLASSES OF INTERFERENCE :
roducing interference fringes may be classified into
lasses. The basis of classification depends on how

9.6
Optical devices p

1 the following two cC
j we produce coherent sources.
I (i) Division of wavefront :
Optical devices which divide the incident wavefront into two parts
by reflection, refraction or diffraction and thereby give rise to two
ome under the division of wavefront class.

coherent interfering beams ¢
i In order to maintain spatial coherence it is essential to use Narrow
sources in these cases. The formation of fringes by Biprism, Lloyd’s
t’s divided lens etc. belong to this category. Since
devices, diffraction

single mirror, Bille
limited portions of the wavefront are used in these
h the interference effects.

offects are also present along wit
(ii) Division of amplitude : -

v Optical devices which divide the amplitude of incident light wave intc
two or more parts by partial reflection and refraction and thereby give
rise to two or more coherent interfering beams of light come under
the divisien of amplitude class. Here we require to use broad source
of light. As the interference effects corresponding to different points
of the source are superposed here we get brighter bands. Since a large
section of the wavefront 1s used diffraction effects are minimised. The
formation of fringes by thin films, Newton’s ring, Michelson's
interferometer, Fabry-Perot interferometer etc. belong to this categor

A.T.B.L—29
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spherical ™ then at ®
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e
—
"

c
B
—
B
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—
P
(@]

sted of many
pright and

altel'nati
Fig. 9.7-1 dark spots.

read out from
ical wavelets SP e
ts reach S, and S, at ©

.inciple spher
o Huygens’ PI inciple sp

e ince S = ese Wavele g ;
he pinhol S olnc LSI SSz, th ] i 1 l :
: lue instant Of‘ time Hence the new Sp herical W ave ets d Y Elglllg fI om
sar S .

start. Thus they
: A O e right will have equal phase at t.he] waves emerging
e sources. The two sets of spherica

ac:r as two coherent £ e tt

i i h - and form a s mme al P
R : fere with eac other y attern
from S1 and S, interfe

i aves
of bright and dark regions on the- screen. At p?lgts \;he(lj‘(r%l t&ee vgther
meet in same phase maximum brightness 15 pro uced. i
hand, minimum brightness is produced at points where the waves mee
in opposite phase.

According t

In modern version of the experiment the pinholes are replaced by
narrow parallel slits.

9.8 FRESNEL'S BIPRISM :

Fresnel used a biprism to demonstrate the interference phenomenon.

A biprism is essentially two prisms each of very sm :
52 all ref
(~30) placed base to base. In : racting angle

' practice ‘it is constructed from a sinel
;gclngn ;;Itz?zzhEgpegmexgtagl arrangement using Fresnel’s biprism iS Shogvfl
v 10 Iig. 9.8-1. Light from a narrow sli ' '

‘ it S, illuminated b
) y

biprism* LMN.

toward
Wil be negr| equal and henge :Bhray Produced by the tW0 surface $ the source
¢ Small which wi) e width of the virtua] 8 of the prism
make the fringes distinet wourees S, and S, woulg
e
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(-lncl'%unt'

{ k s ight
|I|.ll‘|"€‘l'('|'ll'*‘ ol ll‘ "‘l
o 1
[ .ont gources: rn OD
S, and S, can be considered as two cohoret®, 1-|‘1"t-r(!n(‘.t! |,n,l(:l|1 .
: at small angles and produce A als OF darkness
' " region PQ. The brightne®
' P

1
wavefronts meet
the screen 1n the overlapping roj

-

y on the path difference
be seen by an eye-piece

Fig. 9.8-1

/
.t a point on the screen will be dependent onl
and S,. These fringes can

of the point from S,
E having a Ccross-wire. Typical fringe
pattern 1S shown in Fig. 9.8-1(a).

Necessity of narrow source:

A broad source of light is equivalent

a large number of narrow sources

ide by side. Now if the slit is
tual coherent sources

d. Now etaChl paik of Interference fringe due to Fresne

ual sources Fig. 9.8-1(a)

ly displaced from one another. An

1 illumination.
measurements as

! to
| placed s
broad the two vir
will also be broa A ipﬁsm
conjugate points on the vir
will give rise to an interference pattern
These interference patterns are slight
overlapping of such patterns results in genera

Fresnel’s biprism can be used for various optical

discussed below.
(a) Determination of unknown wavelength :
determine the wavelength of

Fresnel’s biprism can be used to

monochromatic light.
Theory :
Fringe width B is given by (for derivation see Art. 9.3)
_AD
== ...(9.8-1)

where, D = distance between the slit and the screen.
d = distance between the two virtual coherent sources S,

and S,.
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Therefore, unknown wavelength
) = 4B ...(9.8-2)
ey ’

: ermine A.
Thus measuring B, d and D we can determin

Experiment : . f optical
; ; able form of op
The experiment can be conducted by using a suit ghts carrying

bench along the bed of which can slide a number ,Of UI::I iece E fitted
the linear slit S, the biprism LMN and Ramsden’s €ye-p
with a micrometer screw. .

The slit is illuminated by the monochromatic llgh.t a-nd ad‘]lcllsgllznf;
are made to make the slit S, the edge N Of_the blpmSIln~ anthe same
the cross-wires of the eye-piece perfectly vertical and a 1}? timetihe
vertical plane and at the same height from the ber.lch. At this 5
fringes will be very distinct. The biprism and eye-piece stands al;i &l hift
proper lateral movement so that fringes do not suffer lateral shi
relative to the corss-wire as the eye-piece is moved.

The fringe width B is now measured by setting the_ cross-wire at
successive fringes with the help of micrometer screw fitted with the
eye-piece. Distance D can be measured directly from the bench scale
as the distance between the slit and the eye-piece.

To measure d a convex lens of suitable focal length is placed on
another upright inserted between the biprism and the eye-piece. The
focal length of the convex lens is such that the distance between the
slit and the eye-piece is greater than four times the focal length of the

convex lens for which real Images of S, and S, will be
€ye-piece kept at the same pla I

real images of S, and S,, for t
lens i

9 at two different distances U fringe widths B, and
% (9.8-2), & is given b T respectively. Then lnstelad of
r=qPa=B
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(b) Measurement of the acute angle of bi?ris-m: Jwra
From Fig. 9.8-1, it is evident that the deviation of eachi;)f the ray
SZ and SM after their passage through the two thin PTr

d M respectively, is given by 5=

ources S, &

acute angles at L an
The angular separation of the two virt;ual1 )s Som e
1 1 t 5 = (n el a! w e
en be equal to 28 (in radian). Bu L S between
ear distance

at M of the two thin prisms. : -
§ = d/a where d is the lin
.- d is very smalll,

the biprism, then 2
tual sources S and S, [
...(9.8-4)

Z(n—l)oc-—-—‘—i—; or, d = 2a (n-Do
a

th
angle at L or

the slit S and
petween the two vir
Measuring d and a, and knowing 7 the refractive index of the
material of prism for the monochromatic light employed, we can find
. The distance a between the slit and biprism can be obtained directly

from the bench scale. The distance ‘d’ between virtual sources ¢
measured as described earlier. The base angle & of the biprism is kept
small. If it is made large then the distance d between the virtual sources
becomes large and fringe width B becomes small. For large <. fringe
stinguished even under

width may become SO small that it cannot be di

high magnification.
(c) Measurement of the thickness of a thin film:
measure the thickness of a given

Fresnel’s biprism can be used to
thin sheet of transparent material.
Let S, and S, be the two virtual coherent

or,

sources which are producing

interference fringes on the
screen so that C is the
position of the central bright

band of zero optical path
difference i.e., S;C = S,C. If
a thin film of thickness ¢ be
introduced into one of the
paths (say, S,P) of the
interfering rays, then the
position of the central fringe
will be shifted from C to P
(say), so that the optical
path S,P is again equal to

The time taken by light in going from S, to P

the optical path S,P.
and from S, to P will be equal. Thus,

SeP Slp—t+t
C & c v

Fig. 9.8-2
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s,p-5ip = -2 (985,
! . ’ . ’ d in the ﬁlm’ 1
1 velocity of light 10 alr an 5
mctxheofv the material of the film.
Ily occupied by the mth order fringe then

or,
where ¢ and v ¢
is the refractive ind .
If P is the position origing

‘S‘ZP__ ‘SIP et m'x 4--(9.8-6)
8-6) we get,
e o, E B. (98'5) and (98
[herefore, from kg (n - 1)t = mh ..-(9.8-7) y

The lateral shift of the central fringe of zero optical path difference g

is given as

x, =CP=mp ...(9.8-8)

AD
where B=—d- is the fringe width .--(9.8-9)

From Egs. (9.8-7) and (9.8-8) we get

m-nt=ﬁ§a

Xpye A

B(n-1)
i ﬁgdzﬁf x,,lethe displacement of the central fringe due to introduction
n ”Ifl. and B, the (distance between two consecutive bright
Ind ¢, the thickness of the film by Eq. (9.8-10), when

A of light and the refractive index n of the film are

or,

t = ...(9.8-10)

bands, we can

the wavelength
known,

From Eqgs. (9.8-9) and (9.8-10) we may write,

P S0

(n-1) D ..(9.8-11)

Velocity test :

The relation (9.8-11) may be written as

D(c
Xm =— ——l)t
d\v -..(9.8-12)
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If the light travels with amunlle
then ¢/v is greater than 1 and x,
will be shifted towards the aide «
with this inference arrived at,

with smaller velocity in denser

9.9
In Lloyd's single mirror arrang
illuminated with a monocl

ror MM, while
light appears to

slit S,
grazing angle on
screen AB directly.
source S,. Hence S, and
S, act as coherent
sources and interference
fringes are formed in the
region of overlapping EF.

a metallic mir
The reflected

The central point C Asl
on the screen for which I !
CcS, = CS, receives only di r
the direct light and for gt
this the central fringe of "”SZL

zero path difference is
not visible here. However,
if the screen is displaced
to the position A’B’ the
central fringe can also be
of mica or glass in the pat

smce of light

¢ velocity in t
) |nmil.ivﬂ.
"

medium.

LLOYD’S SINGLE MIRROR :

rement (Fig. 9.

central fringe can be brou

he denser medit
flence the centr

film. Ixperin
Hence the conclusgion

9-1) light from a n

,romatic light is par

231

ym (film)
al fringe
yvental result agrees
is that light travels

ArTroOw

tly incident at a
rest reaches the
rtual

the
diverge from a Vi

ght into view. The

brought into vie
h of direct light.

w by introducing a thin film
In this case the fringe system
troduced. If ¢ is the thickness

shifts in direction 1n which th

e film is in
fractive index of the film then

central

of the film and n is the re
fringe will be formed at
S,0 =8,0 + (n—-1)t is sa
This indicates that light reflecte
change of .

Difference between Fre
(i) In biprism experimen
central fringe, whereas in Lloy

of the fringes are obtained on one side of the centr

O for which the condition

a point such as
tisfied. The central fringe is found to be dark.

d from the mirror suffers a sudden phase

snel’s biprism and Lloyd’s mirrox fringes

t fringes are formed on both sides of the
d’s mirror arrangement less than half

al line.

(i) In biprism the central fringe is bright whereas in Lloyd’s mirror

it' is dark.

(iii) In Fresnel’s biprism the separation (d) between every pair of

corresponding points of

width is same for all parts of the source.

the coherent sources is same and hence fringe

But in Lloyd’s mirror due
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an opticd e den’s eye
tical bench

,nt is done On

The experiment 15 : . : rOT
uprights for supporting shit, Llo}’lfi znfcmll;ns.’ * first the oD
crew and a conve gross-Wire of the eye-piece are made

ts surface vertical. The

a micrometer S '
hen the slit and ¢

is levelled and t h i
’ i w placed with 1
dplorral B S teral movement to

vertical. The Lloy ; a
irror piece stands are now given proper : i 2
s After these adjustments fringe Wldth_ B is

essive fringes.

align the fringe system. ' :
measured by setting the cross-wire of the eye-piece at succ i
m the bench scale as the distance of

find d a convex lens of suitable focal

D can be measured directly fro
the eye-piece from the slit. To
e Lloyd’s mirror and the eye-piece, -If

length (f) is placed between th
the eye-piece is kept at a distance greater than 4f from the slit, we
he coherent sources on the eye-piece

get two distinct real images of t

for two conugate positions of the lens. Let d; and d, be the distances
between the real images for these two positions of the lens. Now
magnification at one position will be inverse of magnification at the

second position i.e.,

d d.
d —32—, or, d= d1d2 ---(9-9'2)

,I‘}l .
Th:: measgrmg B, D and d we can find A from Eq. (9.9-1)
e may be index error b : : PR
It etween the slit st :
b c’Ia‘II:e Ill)ei :otrrected for or avoided by measuriarll1 5 gnf('i Ak -
stead of Eq. (9.9-1) one uses the reglatio R
n

B=g-D2=Pr
Dol (9.9-3)
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, where r' and ¢’ represent yg
el ¢ :‘ft‘le:tli%?lg agdP transmission coefficients whenspe
.am_lzi én ¢ from lower medium. Since the resultant effect
CI,?C; wave along OP of amplitude a we have,
att’ +ar:=a; art+atr'=0
From these equations we get,
t = 1-r?
r'=-r . 2.2)
Relation (9.12-3) indicates a phase cl'1ange of 1t betWeen (97
in the denser and rarer media. Lloyd’s mirror experiment Shoy, Dectj,
change of m on reflection from a surface backed by a dense:‘Vs 2 Bh
Hence we conclude that no such abrupt phase change occurg ediy 8
is reflected by a surface backed by rarer medium, Whep, i Ty,

Ight
9.13 INTERFERENCE PHENOMENA IN THIN FILMS, BAS
THE DIVISION OF AMPLITUDE : Ep Oy

Beautiful colours are often exhibited when a beam of whjt, I
an extended source is reflected from a thin film of oil ﬂOating ght frop,
or from a soap bubble. These phenomena can be explaineq on n Watg,

of interference of light waves reflected from the upper gy, d th 3 basis
surfaces of the film. ¥ IOWer

amplitude a

(a) Interference in reflected light :
Let AB and CD be the bounding surfaces
. film enclosing an angle o (Fig. 9.13-1).
Suppose a ray PQ of monochromatic light of wavelength ), i % .
on the film. This ray will be partly reflected along QO from thecldent
surface and partly refracted along QR. The ray along QR frong .

aft -
partly reflected from the back surface CD, emerges along SO arf; being .
the reflected ray QO at O. Teets

The rays @0 and SO are derived from the s
and hence are coherent. They combine to produce in
Let us now calculate the phase difference between

Draw SN 17 QO, SN, 1"@R and SLM 1"
at.M. The paths of the two reflected beams (QO and SO) which ap |
going to meet at O, will be equal from the dotted line SN upto O (for |

they are very close to each other). Hence the path difference of the |
two reflected interfering beams would be,

of a thin wedge'shaped

ame incident ray pg
terference Phenomep,

these reflecteq beamsl |
CD. Produce @R and SL t, meeI;

I=n(QN, + N,R+ RS)- QN (913 |
where n = refractive index of the film.

-From the geometry of Fig. 9.13-1, RS =RM and SL =LM =d=
hickness of the film at S. By Snell’s law we get, |
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Interference of light
nSini  QN/QS
’orr, sinr ~ QN,/QS
hLIS o) QN = nQN
9 (9.18-1) NOW redyceg to,Q :
o o 2n(N1R +RS) = n (N,R + RM) = nNM
In addition ; nd cos (r- o) (913‘2)
of n €quivalepy

0 thi .
to ? pazg difference, there is an extra phase difference
bath difference + /2, caused by reflection at @,

0

a =

-
-

Fig. 9.13-1
from the surface backed by denser medium. The reflection at R, from
the surface backed by rarer medium, will not cause any change of phase.
Hence the total path difference between the two reflected rays is,

A

b= 2ndcos(r—a)i—2—

...(9.13-3)
Conditions for maxima and minima—

For maxima of brightness at O,

A
2ndcos(r—a)i—2- = even multiples of 5

2
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on, ondeos(r-a) = 0dd multip]eg g {
2 ,’
= (2m -|-1)&
2

where m =0, 1, 2, 3...
Similarly, for minima of brightness at O,

2nd cos(r-a) = 2m A
2

Note that for a parallel film o =0,
(a) Fringes with monochromatic light .

() When a parallel beam of monochromatj, li

film of varying thickness, n, \ and r are all con tl Iy
order numbers (m) of the fringes wil] be sbin.ts‘ H
aln

thicknesses (d) of the film. At the thin edge of 4. o
e .

practically zero, the path difference (= h
X P ’ - . = 2nd C
tInays Inside the ﬁlr_n 1s zero. The only patp 3’?‘;‘ Of the s
Vo reflected rays is 4/2, caused o~ Teren 4
the film. H -~ caused by reflectiop fy © bty Yol
ihe fllm. Hence this thin edge would be g Ko the g oy :Q“dﬁ
Zsco our but for lights of g colours Dot op}y,  farg Agese;
the thi oL ay
the fringe aIICkI'leSS, d of the film Increases, t llght :{
bs s o S0 increases. Thus a fringe of a’ € ordep h i
us of the points where film thickneilvzn ordey nﬁlber ny
s . Thg,

Is incj
Incident on gyep 4 ﬁlm'normallf,%

will be unif, | = :
o bn.ght or dark according aslihlgealciiktge ﬁlclln o
ess d satisfies

= » Scanned by CamScanner



239

Interforonce of light
(1) Fringes with white light-colours of thin fl]m d. e.shaped
i When a parallel beam of white light is incident on & t,l"n.we fgdifferent
w, the values of n, A and r will be different for lights ot ero
- colours, At the thinner edge of the film, thickness (d) i8 practxcall}’ Z ]

\ z‘llnd‘t;lns o(lg'.:\ will be pur'focl;ly dark for light of all colours owing LO
| t\};\ :)1[1\t.:f;)(illlgt:101\ of path difference of A/2 by reflection from tbe sur'faﬁiz
;vill b ‘(:10 1l(1{n. .As A, < A,, the first order bright fringe of violet llg

Biight f\'h\l?:?v at a smaller thickness of the film while the corresponding
o o di{‘fb‘ot‘()i red light will be formed at the greater thickness. Thus
i s o 1‘0111'1)' coloured fringes at different thicknesses and these

_ 11;;03 . ('fmcd fringes of equal chromatic order.
| brio-lff;?enﬁ u}.lls point, we get another thickness where the condition of
here \’ve :‘ez\ ll be simultaneously satisfied by two or more colours and
bricht frti’no'ez Coé%lll‘ed band d'ue to the overlapping of these coloured
i o e en the thickness of the film is sufficient, the
overlapping of differently coloured bright fringes goes to such an extent

that we get uniform illuminat; :
. . Ination. -
thin films. lon. Thus we explain the colouration of

(b) Interference in transmitted light :

A similar interference phenomenon is seen to occur with the rays
transmitted through the film and emerging on the side CD of it
(Fig. 9.13-2). One part of the ray QR incident on the boundary CD,
will emerge out of CD in the direction RO,. Another part of it will
also emerge out of CD along TO, after two successive internal reflections
at R and S. These two internal reflections will cause no change of phase
and hence the phase difference of these two emergent rays will be purely
determined by their path difference.

In figure NO, =TO, and hence the path difference of the two
transmitted interfering beams would be, :

I =n(RN, +N,S+ST)- RN ...(9.13-6)

Now, TN,, TN and TLM are drawn perpendiculars on RS, RO, and
AB respectively. RS and TL are produced to meet at M. From the
geometry of the Fig. 9.13-2 we get, ST = SM and LT = LM = d = thickness

of the film at L.
ini RN/RT
, __sing _

By Snell’'s law we get, n ——_sin(r—a) ———RNl RT
or, RN =nRN,.
Thus Eq. (9.13-6) reduces to,

I =n(N,S +SM) = nN;M = 2nd cos (r-2a)

..(9.13-7)
.. For maxima of brightness, A
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2 L mA
gnd cos(” ~20) = mz

brightrless.v

for (o
dge angle o or @ parg) (9
very small w(fg 13.4), (9.13-5), (9.13.8) , Iiel fily,

Im of 5 i JE
For a 11 vom the Eq the transmitted pattern COPreS(S‘la\(Q‘:‘a .

A
= e
~20) (2m + )2

. minima @

For

be

then We o for 1 axim o reflected pattern and Vice.y, POy 9){.,0])
ndit . n th er !

the COM ook minimé ! M Sa, t()t {

condiion 1 4

0,

Fig. 9.13-2

may conclude that the fringes observed with th

; e reflect b ||
lights are complementary to each other: flected ang tmnsmmw

Necessity of using a broad source and thin film s

If rays from a point source P [Fi '

: g 9.13-3(a)] be made ineiders o
(t‘IJEOJZIm then the reflected or transmitted rays that can znltr;?i;nt on §
- efaperture.zs small) are confined to a smal] range of di ° e
ence fleld of view will be very small. On the other Ean?i lfl r:clt)lrz]:ls&;

1
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Interference of light 241

, the tw . .
o adjacent reflected or transmitted 1ay" will
1 is small.

will not b
s e able to enter the eye whose pupil 18
W

Fig. 9.13-3(a)

. 1ck fi
be wide apart af;lllc;n

If the film b
: e thin
will be able t , then the t .
o enter the wo adjacent reflect :
eye where interference \;iﬁdoggu:‘rﬁ;lsomir;%ed o
apping.

VY

Fig. 9.13-3(b)

When a parallel beam of monochromatic light is incident, normally
on the film, the condition of brightness with reflected light ig given
by, 2nd = (2m+1)M2.

d of the fFilm at S is 0X,;

But the thickness
he mth bright pand fro

where %, is
distance of t m the apex of the film.

Thus
Mox, = (2m+1)7&/2.

A.T.B.L.—-—31
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, or 5
ro LyInAl aller!

o f;ﬂll(ﬁﬂ nre ¢
’L_rv(‘" whe
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N _ (@m+n
Xm ~ 4no
on (2m+2+1),
X 41 = dng,
gimilarly, £ .
. (B) between two consecutive brlght
.

f=Xps1 ~Xm = 5— 's % of
2na, il o

. %
, im and for a light of g (o OB P
Thus for a given ﬁf inges are equi-spacedglven Wavel (gf y o he
. Hence the D8 © Whep, " eng, 48 o

constant. rrower but when o decreageg o i Sth, 98
fringes become 14 the fpjn% ’”' »
broader. . Tggy. o o
Fringes of equal width ?“d eqt(lial l.n?hnatl?n: e
The conditions for maxima an mlnlma9 brightHES o c

. S g
formed by the light reflected from a thlg Wedge-shaof thef.’ E | a
respectively given by, Peq ﬁlﬁ : ,
A L
—a) = (2 — : t
9nd cos(r—a) (m+1)2 (maximy) .
Q. & 2
anCOS(I' —a) = 2mA/2 (minima) 913.1‘} c
The above conditions suggest the existence of two "-(9.1& L’ | )

: o distj ‘
fringes. Suppose the incident rays are paralle] apq Mone 1 St
. n o]
hence 7, r and A are all constants. Under this conditionochromatﬁ“ a::

thickness 4 of 4 Yt
Henc - the i

€ a frj, g
_ particu] = ol
; o or o order nupp &
\ he. on the locyg oo o Wl
: points of the film h:l}"
;:o.nstant thicknegg f
. ringes are calleq f: ot
ig. 9.13-4 e;[lual width or thi/cilzr’:f;:'
the fj a3

perfectly plane we get straight fringes whic e -

: : h are all
of intersection of the film surfaces, where central darlf?';{arllg itsos?tﬁ”
ated

]

cutting point A of the normal ray SA wit we draw a circle, with thee§

: h the surface as centre, af’
as radiu T 1%
: S, then all rays incident on the circumference of this cirde §

s
t
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v the f[‘ingc to
i o 1 (Fig, 0.13-4). [hus Tringe bt
. will have the same angle of incidence i (Fig. centre. Frin
of a particular order will be u circle with the point /\"““’H fringe of & ol
system will consist of concentric bright and dark rm[,f  idence an P
particular order is characterised by a particular angle o 1f

. T the angle
hence these fringes are called fringes of equal inclination. A8

. . g . ) causing
of incidence of the rays increases, the value of cos! dLCFCi:l-“‘?Bwill have
a decrease in the value of m. Thus the fringes of bigger radil
smaller order number.

The Newton's ring
equal width type. H

I

_—
=

; f
s (See Art. 9.16) are the example of frmgestlge'
ere equal thickness of air film exists over

-m-"‘_"—

a monochromatic light and the polishing of the working surface is
- continued until the frin

3 . | ges are perfectly straight and parallel to the
line of intersection of the surfaces of the air film.
Fringes of e

_ qual inclination can be produced by transmitted light .
from a thick transparent plate (Fig. 9.13-5). As the plate is thick, the
pair of adjacent transmitted rays will be wide apart and hence they

cannot enter the eye through its small pupil to produce any interference
phenomena there. But if a

telescope with a bigger X]
diameter objective be
employed, then the objective
will be able to collect those
transmitted rays which are
very close to the normal
ray and consequently those
collected rays will produce
interference phenomena at
the focal plane of the
objective. The fringe pattern
obtained in the focal plane
of the telescope consists of

concentric bright and dark rings. They are fringes of equal inclination
type. These fringes are called Haidinger's fringes.

Haidinger’s fringes are employed to test the flatness of a plate to
a high degree of .accuracy. For accurately plane-parall:el 'surfaces
~ Haidinger’s fringes will be perfectly circular but any deviation from

the parallelism of the surfaces will be indicated by the distortion in
the rings.

it

circumference of g circle, having the point of contact of convex lens i
and glass plate as centre and hence the fringes assume circular fot.'m. :
The fringes of equal thickness are employed to test the optieal el
planeness of a surface. For this purpose an air film is formed bet\.ﬂeen \ﬁ
the working surface and g standard optically flat surface. The fringes ?
of equal thickness formed by the air film are repeatedly observed with ]‘

Fig. 9.13-5
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24 NFINITELY I'HIN F [ light waves reflecteg £
9014 ’ ider i]]('.orr(jl'cncoblo.n p]unc parallel film 1‘01?1 the
Let us consit f o very Lhin | 9.14-1. If tp, 8 g, Uy, |
or surfaces 0 Fig. 9.14-1. he gy, iy, Doy |
and lower ¢ d <<A then the g T

8eo A i
difference (2nd coq " nletrlcalckn )

consecutive reflecteq ra;twe% Dﬂt}\_'
Q. b_ecomes negligibles QR t"'d.
phase difference betWeent ang tzn il
n which arises dye ¢, Tefn e o, |
the front surface of the (;-Ctioh(}llala .
So @R and Q.R e b

: 11wy Dsep ﬁl%”
o destructive interference_  Prog

0

W
of l\J ()4

5\ S\ S amplitudes are differep; " Incg t}?:.e |
e\ no complete deStI‘uction. fre Wiy hlr
- \& \ we consider the effeey of o OWeVer, ; |
T°n%%  produced by multjpy) ier Wayg, |
Fig. 9.14-1 reﬂect1on§ then we can sh:ter’lal
there will be completq destw theg |
The resultant amplitude of the waves reflected along Q1R1, QerHCtion'
and so on will be equal to 2 Q aRa |

A= ar’tt’(l+r'2+r’4+...upto oo)

1
1__'./2

Now from Stoke’s treatment ' = ] — ;2 and r’' = _, Therefore i
—ar. So the overall reflected amplitude including QR is ar—aqr=q m->
when the film is very thin compared to wavelength, it appears Pérfecltlls’ |
dark when seen by reflected light. The film does not reflect any |j hyt
and hence to satisfy the principle of conservation of energy g 1ight
must be transmitted through the film,

Sinqe d <<} the geometrical path difference between consecutive
transmitted wayeg may be neglected. The transmitted wayes suffer no

sudden phase change and hence they are all in equal phase. Therefore,
resultant amplityde of the transmitted waves is ]

= ar'tt'-

------
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i us we -
Since 47 < 1 M2 A'=q (the amplitude of incident wave). Th
conclude thg 4 ve

. of the
inci . Y thin transparent film transmits whole
Incident; light to the other side.

9.15 NON-

REFLECTING FILM ;
A part of the

C 6.
Incident light is lost due to reflection at lens surface _
hough the loss i 8ht 1s lost due to r

the loss g

. >3 18 small for g single surface, in a multi-lens system
X Significant, Ty
or eliminat;

Us it is important to find ways of reducing
‘08 such losses, Ope way to

cenditions the reflected w

complete destructive int
light is then reflected

and if the film ig transparent absorption in it
is negligible ang whole

of the incident light passes through the coating
into the glass.

Fig. 9.15-1
erference. No

According to the elec

trofnégnetic theo
the boundary between two

ry of light the reflectivity r at
at normal incidence is give

media of refractive indices n, and n, and

n by
2
r=|2"M .(9.15-1)
n2+n1
So for equality of the am

plitudes of the waves along QR and QR

9 2
Me Mo | _|Me” nﬂ | ...(9.15-2)
n,+ ng ng +n,

o "
hich, on simplification, shows that the refractive index of the coating
W ] )

must be 0153
n, = m ...(9.15-3)

fr
dden phase change o

s QR and Q,R, suffer sudden th difference
Here both t}ézsiizctge interference the geometnrclal}a{)aincidence the
and hencehffi:‘1 st be equal to N?- Thus fo; Ig;

be.t wﬁf\ilmt t%ickness ‘d’ of the coating 1s give

mini

2ncd — )\,12

we have
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".(9‘15i~ )|
4’lc (
' i cn b t e q. .. ; )
Thus o C()ul,lngi\() o s Ay v h y th E)t 9 3 4
. ! t‘: ¢ » ant al
or ““Cl(HUHS ns e y (¢] D(l \) 5 4 W gerve as 3

: us . g
onting M used mater .
e material of the =S ost frequently use th als Arg
couting. Im]l ratch 1‘esisumt‘,l~1 technique of reducing ereﬂe@tiwty’
able and  scrab wolite. The _
durable @ ide and eryolite. Tk
apnesium fluort ming. ) .
m“w“::ll‘ncc is known as bloo i a single layer 18 (Iaffgctlve for ong
" asur ) " n ;
. + reflection coating using f wavelengths. It 1s POssih]q
L O a narrow range 0
ver :
coating that a

i to
re efficient over a wide fange o |
er coatingS- !

or,

wavelength or over :
produce nntl-re(‘lcct.,mg, e
wavelengths by using m

WTON'S RINGS : interference fy;
B v oo ate o particular cxample of films. By plagi®®
Newton's rings are a P formed by thin films. By placiy

a
a plane g

R\ o-convex leng on glags
E Ry R, p%:?e a thin air film of progreSSlvely
i ?ncreasing thickness from the Poing
i S, / /s of contact O can be formed as showy
! 1 2
K
0

in Fig. 9.16-1. If it is illuminateq , |

;n If‘lt)iozhromatic light interferenc}; |
AN fringes in the form of Concentrig

E\”z circular rings are found.These ringg

Fig. 9.16-1 N were first observed by. Newtqn and

are known as Newton’s rings. These fringes are the loci of points of

\

|__GLASS PLATE

Newtons rings in reflected light

Newtons rings in transmitted light
Fig. 9.16-1(a)
2qual film thickness. Th

ese rings are localized in the air film
Newton’s rings are sho

wn in Fig. 9.16-1(a).
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Interference of light
Theory :

z_‘\n eXplanatioy to the
of interfe

ference of 1ipty
of th of light w

. 7 in terms
formation of the rings can be given
e lens and th

rface
aves reflected from the convex 1ow¢}311' slle;ns is
usually of ¢ flat upper surface of the glass plate. The air
film i: 3@-1‘1"80 radius of curvature such that the thickness of the

Y small. The experimental arrangement is so designed that

light falls op the fj] m . the
. m gl stances

optical path difference ab oo ormally. Under such circum
and NSzR

etween two successive reflected waves QS,R,
2 88 shown in .

A
2nd ia = even multiple of /2
or,

2nd =044 multiple of /2

= 2m+1)\/2 ...(9.16-2)
where m = 0,1, 2 3.
For destructive interference,
2nd+M2 = oqq multiple of A/2
or, 2nd = even multiple of A\/2
= 2m.\/2 ...(9.16-3)
A fringe of a given order (m) wi

c
radii of the rings can be found
out from Fig. 9.16-2. If the point @ fulfils the

condition of brightness (or darkness) then all -
points on the circumference of g circle of o
radius @,Q will be bright (or dark). Thus we

shall get a bright (or dark) ring, of say mth
order, whose radius is

x Q,Q =r,. By geometry, \1
R2=r2+ (R-d) :

where R = radius of curvature of the convex

=r 0
rface Fig. 9.16-2
su 4
Since R >>d, we can write r2 ~ 2Rd _ ....(9.1(?-4)
.Using the condition (9.16-2) we can write for the mth bright ring.
A e AR ..(9.165)
4 =

2n
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gimilarly for (he mth dark ring
om.)R
l',,, = _-_é——-
n

of the bright ringg 5 |
Lnumbers and that re. Dl‘op i
t of natural numbers()f the grt
re given by ‘ ‘irkn‘,- |

{ the radii
dd natura
e roo

Thus we find tha

the square roov of 0
proportiona (o the squar
g diameters a

rings is

Correspondin
oom+ MR o |
DL = _L—TL_ [Bright ring] E B
& sur
(9, & be
D,f, = ﬁn—i—kﬁ [Dark ring] 1 {
The di n di i
Je difference in diameters of the mth and (, g, (9,1&: of
: or, 8) - air
Qer »

Des-a = 75T

Thus as the order )
. number ‘m’ Increase c s
mean . s this

increal:eg r;}l:at the rings gradually become narr dlfferenCe

f . There will be more crowding of the ri OWer gg 4 ¢
rom the centre. g e Tings as we . heir

L

Fringe width :

m T m are the di
we can write fr&ln Eq. (0. llgflrl]?ters of two successive bright
4 . rings > !
th
) f
n
or,
D m+l ~ Dm = 4)\R

2D +D)
n( m+l +Dm)

Writin
g D
m«1+Dy, 2D, we get fringe width
B as,

B = :Dmﬂ\-Dm _ R
Thus frip 2 B W
" (9.16-9)
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Interference of light 1
?sm;?{:ﬁ?t \(\{ith m = 0. This indicates that the central fringe is dar’i anIt
uated at the point of contact of the lens and the glass plate: eq
Ne.wton‘s rings with white light : :lDla‘
Slll‘\r\(r)lﬁlll] dg d‘v\{)lnte light the central spot will be black and it will l?e
be general illy % fe“f (8-10) coloured rings and beyond this there will he:
mination due to overlapping of different coloured rings.
Determination of wavelength : il
Newton’s ri )
of mono?;?n-s();ngs can be used for the measurement of the wavelength ]
air film (n 13) lc ‘hgh.t. The diameters of mth Newton’s ring for an P
are given from Eqs. (9.16-7) and (9.16-8) as il
D} =2@2m+1)\R [Bright ring] E
2 _
. D% =4m\R [Dark ring] .(9.16-10) I
us 1 .
m +p)st }11f gﬁl anc:) D,,,, are respectively the diameters of the mth and
gs (bright or dark) then the wavelength A is given by
4pR ...(9.16-11)

So by measuring the diame i
) ters D . D of Newton’s rin d
counting the number P we can deternrlninemw rlng;s -

Experiment :

Experimental arrangement to measure the wavelength of

mpnochromatic light by Newton’s ring apparatus is shown in Fig, 9.16-3.
Light from the monochromatic source

S is made parallel by putting the

source at the focal plane of the convex

lens C. These parallel rays after being

reflected by a glass plate, P, kept

inclined to the horizontal by an angle
of 45° fall normally on the air film
enclosed between the plano-convex lens
L and the glass plate G. Newton’s
' rings are viewed vertically by a low
| power microscope M placed above the
' glass plate P.

Any bright ring is selected and one
of the cross-wires of the microscope is -
' made tangential to one edge of this Fig. 9185886

bright ring and the reading of the vernier attached to the microscope
is noted. The microscope is then laterally shifted until the same wire

AT.B.L—32

~ B
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of the same bright rip,

250 .u~eu]it»y 3 N T ]
2 . ex microscope g

: il to the other S8 14 to the the di n°t§31§

o is tangentit ne vernier &t readings gives the ietey D%

g- reading of t':;mqe two vernier e{el‘ of another bright rip » s ()
difference “fThe,] again the d;)ama known number p of dap. Pag¥t it

% . m— . ‘:‘ o » d .'. {

o thlshl:nﬁ)rmer bright ring d)imheter be Dyyipr N of
from N Leasured. Let this lower surface of the ang
similarly meas R of the co:

' . A Boy’s “Copo B
‘he radius of curvature herometer or by Boy Methqgg W
The r¢ osured by 2 sph
13 eas
lens L 1§ m

P 's then obtained from the o W
tic light 15 ined by usi Tl B X
- A of monochrOmazEe, K 5 termine DY USIng the 0 i)
\:;a;glelzlll;‘lﬂ[lj:ugllv the radius B l’S 51531.121 oth. say sodium light, The(::m \
19.16-11) and a light of knoméh“awaveﬁngth (A) of any unkngy, ‘W
t(fllt determined value of Rf 629 16-11). Rh
is determined by the relation T f a liquid:
ive index of a liquid:
ination of refractive In — |
gete'tﬁ’s rings can also be used to meast(lirfz thﬁ ritll;alilivi ;n ex (.
of ; ?i‘c‘]uid At ﬁ:;'st the diameters of mth :1111 dl{’;m e}fzers o %h Or g
* . . e eSe 2
i sured with air film. Th.en
;2gzsnga§ur£:§azg;n k:y forming a liquid film betwtehe i ;?e le?s ang
Ny : iqui e §
glass plate. Introduction of the liquid decreases ameters of oy
rings.
For air film,

(Dh.p-D2)  =4pAR

m+p air

For liquid film,

(Prer ~D0),, = @TKR
Hence,
e (Drgwp - D;i) i

— 'air
(Drgwp - D’i)liq

Newton’s rings with transmitted light .

Newton’s rings can also he observed with transmitteq light. In thig!

the phase difference between th i ‘
: e transmitted i |
to the optical path difference 2.n.d. Th; oo L be only due

! Is is 5o because the transmitted|
;‘:g; sigi"t;zrdzn.ly refra«}:]tlon Or refraction plys éven number of reﬂectiofl(:i
cing a phase ' a

for nomay incidencg change of 1 (See, Fig. 9.16-1). Consequently;-.

2n.d = 9m )/ for maximyum |
o -..(9.16-13)

= Cm+1A/2 for minimum -.(9.16-14) §
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Pl
o Ltortoranee of Hght ;
ot 4 ‘ \ ! ), J=1d})
With d \"\\R‘\"\\‘:\ OO e O o (it atlod Dy the le' !(I‘n’ul:mlul,
ol contaot g \;“ T content wpot i helghts wnd 1 altnbod b
Yo, e oy wy the glanan plato, y
“““““"\\\\\\\H\\“\-\ ‘Hm Yonditionn (0,00:18) and (0,10-14) with the f
S \‘\\\\\“\\\\U' t«\‘\.c\\‘(‘“tl\mmm W0 and (0,10:3) with roftoeed light mu f
complomentaey g 't‘_‘\‘\\\,:,}"\‘k‘:‘" ohsorved with teanamittod Hght nro oxnehly

_ - : '
VOEY Wt L W roflootod Tlght, Howover (he dar
transmitted \‘?\‘l?!‘::'\nl\l\“lm KRG e ot "(HNNM.(!:)' qurlc and honeo bhe
toe thin: Newton'y o Ok R0 dintinet w oborvod with roflocted Hight.
017 NEW oA aally oborvod by rofloctod light.
Vel D 'l\() 'S AT . : .
NS RINGS UNDIR DIFRERENT CONFIGURNTIONS
(W) Loy separated from the

Lot o vay PQ of o parallol | g l\’-\’ some ('Ilslnncc:
almost - novmally on - u)m“"“ OF light of wavelength A he incident
surface of a wodgo Hlu\liud Dl“l)l(!l‘ p
onclosed botwoon the conyoy et -
of a lons Ly and o plasg .Dinl‘u 150
If & be tho distanco botwoean (1.

\ botween {he
upper plane facoe of the plate and
the tangent plane drawn af {he

lowest point of the convey surface
of t:h“o. lens L, t'.l.wn thickness of the
air film at @ is given by

Fig. 9.17-1
_ d'=d+x
Eq_‘ll(gl‘llcs-};%nt Q is situated on the mth order bright ring then [See
2nd’ = 2n(d+x) = (2m+1)A/2 ..(9.17-1)
From Eq. (9.16-4), d = ri/2R
Therefore from Eq. (9.17-1),
n.r
2nx + —R"‘- =(2m +1)N/2 ...(9.17-2)
Similarly the radius r,,,, of the (m-+p)th order bright ring is given
by
n.r
2nx+_;%+£.= (2m+2p+1))\/2 -(9.17'3)

Taking the difference of Egs. (9.17-2) and (9.17-3) we get

(rrgwp - rrﬁ)n
PR

r iz 2
S T
oy AR
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252 A Text Book on Light

In terms of diameters,

’l(Dr?HP -D,"f,) .
4pR "'(9.17.

This equation may be employed to fil.ld A P:Xperimenta“y'
If the lens is slowly moved upward the rings will be founq to 4
at the centre. By moving the lens up through a known dist nn\,er_
counting the number of rings that have converged to the centreﬁ“
also possible to determine A. & i

A=

(b) Lens in contact with a concave surface :

Let a ray PQ of a parallel beam of light of v&"avelength A be e sl
almost normally at @ on the upper face of the air film enclogeq becl }

the lower convex surface of a plano-con‘,e;v"eeu

r L, and the concave surface of plano-cop, |
L, 1 ) caVel |
L,. The two surfaces are in contact at the .
o 7], 0. A common tangent T,0T, is drawn t, thé)o N
N |* surfaces at the point of contact O (Fig. g 17%.
e If d be the thickness of the air film at g o
g. 9.17- d = @N, - NN,. From the geometry of Fig, g ltheni
ve geh QN, = ONP2R, and NN, = ONY2Ry; where R, and p--

respectively the radii of curvature of the convex surf: 2
ace of [, an
concave surface of L,. Hence the value of d is, 1 and the

szNl—NN:[:ONIZ i—i -_-ﬁ ! 1 '
2 \By R,) 2 E_E +(9.17.5)

If @ be situated on the
the radius of the
of mth order then,

mth bright ring then ON. = r
. . Tiny =r_ woul
th bright ring. Again if @ be on 1the nf)right (in?;

2.n.d = (2m+1)}\/2

1 1
or, n.r2 S ——

| m(Rl Rz) = (2m+1)7\/2
Similarly the radius T,

(9.17:6)
+p Of (m + p)th bright ring is given by |

2 [ 1 1
”"’mw(ﬁ‘i) =(2m +2p+1)M/2

| (9.17-7)
Taking the difference of Egs. (9.17- |

6) and (9.17-7) we get

Ag[ii)
p |\R R
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Interference of light
In terms of diameters,
2
}\='I(Dm,,—03.) L1 ..(9.17-8)

This relation

relation is a) may be employed to determine A. Note that the above

SO true when dark rings are selected.

;:1) FLenSQ l1n7 contact with a convex surface :
1g. Y. -3 H
sL,is i the convex surface (of radius R,) of the plano-convex

len n cont ;
plann-chrivex lensaI(::_ With another convex surface (of radius R,) of the

; The point of contact f

of these two convex surfaces
is at O. A common tangent TOT, is drawn to th
two surfaces at Q. ' o

P
A ray PQ of g parallel beam of light of L *

wavelength A is incident Qf---= 3
the air film enc] almost normally at @ on __ "\ | ey,

Nclosed between the two convex 0 ™\
surfaces. If @ be situateq

_ on the mth bright ri ,
then the radius r of this mth bright rullgg w£$§ g 5173

be, , = @,Q = ON,. The thickness of the air film at Q is, d = @N, + N;N.
From the geometry of the Fig. 9.17-3, '

2

we get, QN, = %
1
52
2
2
ro( 1 1
Hence, d= %(R#l +§;) .(9.17-9)

Again if @ be the position of the bright ring of mth order then,
| ond = @m+1)M2

1 1
il seb=| = ...(9.17-10)
or, n"rm[R1 + RZ) = (2m+1)7\/2
Similarly the radius 1., of (m + p)th bright ring is given by,
L, 1= N2 (17D
n.r,f,+p(h;1+§2-)—(2m+2p+ )

f - et,
Taking the difference of the Egs. (9.17-10) and (9.17-11) w§ g
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. WIENER: red that when light is ref,
B " .!rrn('rn.q(rdu-‘- bi thd
. o Wiener tected waves combine to form a fre, £
frn 1S et and reflec his e : Sty 8
o the IRCIGEHE wave patterr. In his experiment vy, "3, "« T
surface X ly thin film of !e"‘“r%’? i
e & E E "f an extreme.? - li d p r-ft(y- ?"x', T
P [ ] ] :/ 'l emulsion kept Incine at a smag] an gr?‘ﬁ;..i"- ‘
,.,,.-—-———"’15 THHE a perfectly reflecting surface. When, Ble g 1
_._.:—--"")I r‘ ' vl 4 .31 &~ lierht and Aa..on thi ..‘r';"."
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