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Let us consider a wedge-shaped film of refractive index p bounded
by two plane surfaces OA and OB at angle 6. The thickness of the
film is increasing from O to A.
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INTERFERENCE DUE TO WEDGE-SHAPED THIN FILM

The optical path difference between reflected rays
p=u(PR + RT) - PK
= u(PN + NR + RT) - PK

From APKT, sin i = %, and from A PNT, sinr = EN
PT PT

sini _ PK / PT _ PK
sinr PN/PT PN

PK = uPN

p=WPN+ NR+RT)— uPN
p=W(NR+RT)
Now, ARTH and ARHL are congruent. Hence, RT = RL
p=MuNR+RL)
= UNL
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INTERFERENCE DUE TO WEDGE-SHAPED THIN FILM

Now from ATNL

N _ (r+80
s = cos(r +6)

NL =TL cos(r + 6)

=(TH + HL) cos(r + 0)

=2t cos(r+ 6) (TH=HL)
p =2 ut cos(r+6)

Now path difference as per Stokes treatment will become

A
2ut cos(r + ) + )

(1) For maximum

A
2ut cos(r + 0) + 5= ni
_ A
or 2utcos(r+0)=2n-1) —,n=1,2,3,...
. _ 2
(11) For minimum
A
2ut cos(r + 0) + E=(2}1 + 1) %

2ut cos(r+ @) =nAi
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Fringe Width

=tan @

t
'xﬂ
or {=x tan 6
Here, x = n B, B = fringe width and » = number of fringes.

From Eq. (12.27), for a dark fringe,

e ————— e ————

2ux, tan B cos (r+ 60) = nA : Xy = nf—>
B na
o 2utanBcos(r+0)

For normal incidence and thin film » =0, tan 6= 6, and cos 8= 1. Therefore,

Lo
] 2]119

Similarly for (n+1)th fringe,
A

xu+| - (H+])m

Therefore, distance or spacing between successive fringes, i.e., fringe width
A A

—x = + 1 _
X, —X (n )2;19 n 210

or

A
ﬁ:—
2u0

where 0 1s measured 1n radian.

or
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FORMATION OF NEWTON'’S RINGS

« When a planoconvex lens of large radius of curvature is placed with its
convex surface in contact with a plane glass plate, an air film is formed
between the lower surface of the lens and the upper surface of the plate.

« The thickness of the film gradually increases from the point of contact
outwards.

 If monochromatic light is allowed to fall normally on this film, a system
of alternate bright and dark concentric rings with their centre dark is
formed in the air film. rﬂ

R
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FORMATION OF NEWTON'’S RINGS

« These are called Newton’s rings and can be seen through a low-
power microscope focussed on the film. Newton’s rings are formed
as a result of interference between the light waves reflected from the
upper and lower surfaces of the air film.

* Newton’s rings are concentric and circular because of points equal to
the thickness of film lie on circles with the point of the contact of the
lens and the plate as centre.

7/ \x centre 15 dark

because of
%—_—_ phase change
during reflection

at glass plate
__
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Theory

In reflected light, the effective path difference between interfering

rays will be
A #
p =2t cos E
Now, for air film, g = 1 and » = 0 for normal incidence. Therefore,
p=2t+ A
2

« At the point of contact of the lens, the plate thickness t = 0; hence, p :%.

This is the condition for minimum intensity. Hence, the central spot is
dark.
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The condition for maximum intensity (bright fringe) is

p=nAi
A
2t + B =nA

2t=(2n—-1) 2 (maxima)

The condition for minimum intensity (dark fringe) is

A
=2n+1)—
p=10n ]2

A A
20+ 5 =(2n+l)5

2t = nA (minima)

It is clear that a bright or dark fringe of any particular order n will
occur for a constant value of thickness t.
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Diameters of Rings

From the property of a circle, .’ .
PN?*= ON x NE ) \

pi=tx(2R-1t) : oh |

T I
— ZRII[ - f._. 1
\
\ R .,"
\ /
\ /
L 0 L
Since 7 is very small as compared to R, we can neglect 7%, Hence, N _ﬁ
t

p>=2Rt Al o o 1 B
5 f— pp —=|
or 2t= Pn
R 2
. o P A
Now the condition for a bright ring 1s given by — =(2n - 1=
R 2
2t=(2n - 1)i
2 AR

l=2n-1) —
p, = ) 5
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Diameters of Rings

[f D 1is the diameter of nth dark ring, then D = 2p . Therefore,

D2=22n-1)AR
D = \2AR~2n-1
D o< \[2n-1

« Thus, the diameters of bright rings are proportional to the square roots
of the odd natural numbers.

 The condition for a dark ring is given by 2t =nA
2
[f D 1s the diameter of nth dark ring, then p = D, /2 . Therefore, p?n —_—l
DE
= pnl

4R

D?=4nAR

D = \4RANn

D” oc J;
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Experimental Method for Calculation of Wavelength

EE G
P L1

Zra5° N
/ Murce

(Sodium lamp)

AAA

—1
-
_—
-
il

k-
-

-
-

_— Air film
LTI T Siess pte

We know that for dark rings,
D?=4n AR

For (n + p) dark ring,
D:. =4 (ntp) AR

Both will give
Di.ﬂ —D?=4pAR
2 2
Dn+p _Dn
4 pR

or A=
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« The liquid whose refractive index iIs to be determined iIs placed

between the lens and the glass plate P in the Newton’s ring
arrangement.

« The effective path difference between interfering rays is 2t cos r
+ A/2 for normal incidence r = 0, which gives path difference as
2ut +\/2 .

The condition for nth bright fringe is

5 A 2 If D, 1sthe diameter of (n + p)th ring, then
g 2 D?* =212(n+p)-1] AR
2 — " R R ki
ﬂ. mtp p ‘u
= 2t=2n-1) —
21 | i i _ 4pAR
We know that if D _1s the diameter of nth bright riny ~ *- D ntp D?.-J liquid u
2
2t = Dy Forair, u=1,
4R ,
" = [D? —D?] . =4pAR
2 A 1tp n an
— = (2n-1)— 2 2
SRy D} =Dyl
H=— 5
AR [Dn+p N Dﬂ' ]quuid

D*=2(2n-1)—
' u
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Newton’s Rings with Both Curved Surfaces

Case 1: Lower surface is convex [Fig. 12.23(a)]. In this case, the thickness of the air film

1=t +1 (12.39)
If R and R, are the radii of curvature of upper and lower curved surfaces, respectively, we can have
2 2
(= P Pn
2R, 2R,
2 2
2= B 4 B (12.40)
Ry Ry
where p be the radius of nth ring at the thickness 7. The condition for dark ring at normal incidence is
2t=nAi (12.41)

From Egs. (12.40) and (12.41),

2] 1 1 '
P [ r R . (12.42)
\ — I, —AP
If D, is the diameter of nthring, p. = p /2 | L
2 : __‘-_‘\f
Dy |1 1
—+—|=ni ;
2|R R !
4n !
pr= "% | (12.43)
" R +1/R,

(a)
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Newton’s Rings with Both Curved Surfaces

Case 2: Lower surface 1s concave [Fig. 12.23(b)]. Now,
1=t-1,

or 2t=p? L
R Ry

From Eqs. (12.41) and (12.43),

j|i1 1] Ix_‘ : " i
o =nk i f2
R] RE i
- ]
D1 1 '
=== =na |
4 | R RE_ :
i 4nid :
= D;— ] 1 = I
1.1 b
[Rl R, | (b)

Thus, combining Eqgs. (12.43) and (12.45), we get
4ni

1.1
R R,
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Example:1 In Newton’s ring experiment, the diameter of 4th and
12th dark rings are 0.4 and 0.7 cm, respectively. Find the diameter of
20th dark ring.

Solution

The difference of (n + p)th and nth dark ring is given by
Df.,. —D?=4pRA
Here (n+p)=12andn=4,D ,=0.7 cm,and D, = 0.4 cm.
- D3 —D%=4XxX8XRA
D:—-D>=4x16xRA

Dividing Eq. (3) by Eq. (2), we get

Dy’ -D;°  4x16 _
D> —D,*  4x8

2

Dy Dy = 2(D},= Dy)
Diﬂ-: 2"9?2_ ’Di
=2 X {{}.T)3 — {0,4}:’

D?=0.98 - 0.16 = 0.82

D, = ~0.82 =0.9 cm
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Example:2 The angle of the wedge is 0.3° and the wavelength of
sodium D lines are 5890 A and 5896 A. Find the distance from the
apex of the wedge at which the maximum due to the two wavelengths

first coincide.

Solution
The condition for maxima for normal incidence in air film 1s given by

A
2t=(2n+1)= 1
r=@nt D3 (1)

Let nth order maximum due to A, coincides with (z + 1)th order maximum due to A,. Then
2r=(2n|1}-ﬂ={2n|3)~ﬁ 2)
2 2
_ 3hh
T 2(h-2)
Substituting the value of » in Eq. (2), we get
M,
(=2
If @1s the angle of wedge and x is the distance at which the maxima due to two wavelengths coincide

(A4, > A,), then

2t=
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tan 6= L
X
t
= 0=— (tanB=0)
x
= t=0x
Substituting the value of 7 in Eq. (2), we get
2 - 1%
A =4
Here A, = 5896 x 10 *cm

A, = 5890 x 10*cm

_ 03xm
180

6=0.3°

5896x10°x5890x107% x180
2(5896x10'3—5890>c|0'3)><0,3><3.14

X =

= 5.56 cm
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Assignment Based on this Lecture

 Discuss the phenomena interference due to wedge-shaped thin
film and obtain the expression of fringe width.

« Explain the formation of newton’s rings why its width decreases
when we move from center to outward.

 Discuss the experimental method for calculation of wavelength of
light using Newton’s ring.

« Determination of refractive index of a liquid by newton’s ring

« Explain the Newton’s rings formed with both curved surfaces




