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Interference in Thin Films

Thin-film interference is the phenomenon that is a result of light wave
being reflected off two surfaces that are at a distance comparable to its
wavelength. When light waves that reflect off the top and bottom
surfaces interfere with one another we see different colored patterns.
During this, the light reaches the boundary between two media and part
of it gets reflected and some part gets transmitted.




Interference due to reflected light from a plane parallel

thin Films
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Theory of Newton’s rings:

Newton's rings are a noteworthy illustration of the interference of light waves
reflected from the opposite surfaces of a thin film variable thickness.

Let us consider a ray of monochromatic light AB from an extended source to be
incident at the point B on the upper surface of the film (Fig. 1). One portion of the
ray is reflected from point B on the glass air boundary and goes upwards along BC.
The other part refracts into the air film along BD. At point D, a part of light is again
reflected along DEF. The two reflected waves BC and BDEF are derived from the
same source and are coherent.




They will produce constructive or destructive interference
depending on their path difference. Let t be the thickness of the film
at the point E. Then the optical path difference between the two rays
IS given by 2ut cos (0 + r) where 0 is the angle which the tangent to
the convex surface at the point E makes with the horizontal, r is the
angle of refraction at the point B and p is the refractive index of the
film with respect to air.

In Fig.1 the point B is backed by a rarer medium (air) while the
point D is backed by a denser medium (glass). Thus, there will be an
additional path difference of % the rays BC and BDEF

corresponding to this phase difference of n. Then the total optical
path difference between the two rays is

A
2ut cos (6 + 1) if



The two rayvs will interfere constructively when

2utcos (A +r)+

L | P

2utcos (8 +7r)=(2n— l}%

The minus sign has been chosen purposelv since n cannot have a value of zero for bright fringes
seen in reflected light. The ravs will interfere destructivelv when

A A
2utcos (8 +7r) + E=[Eﬂi 1]5

Or, 2utcos (B+r)=nh ... (2)

Where, & is the wavelength of light in air.




In practice, a thin lens of extremely small curvature 15 used in order to keep the film enclosed
between the lens and the plane glass plate extremely thin. As a consequence, the angle 8 becomes
negligibly small az compared to r. Furthermore, the experimental arrangement 15 so designed that
the light 15 incident almost normally on the film and 15 viewed from nearly normal directions by
reflected light so that gosp = 1. Accordingly eqns. (1) and (2) reduce to

ut=(2n—-1% Bright

And 2ut =mnh ... Dark

Let R be the radius of curvature of the convex surface which rests on the plane glass surface (Fig.2).
From the right-angled triangle OFB;, we get the relation

R2 = r2+(R1)2
of In? = 2Rt-12

where 1y 15 the radivs of the circular ring. As outlined above, the condition of the experiment makes

t extremelv small. So, to a sufficient degree of accuracy, t may be neglected compared to 2Rt
Then, t=12/ 2R

Substituting the value of t in the expressions for bright and dark fringes, we have
AR
rr = (2n— 1) oo Bright

nig
I® = — ... Dark
2u




The corresponding expressions for the squares of the diameter are

D2 = 2(2n — -1)‘]‘?‘:‘ __________ bright

A
d. D2 =8 dark

_ 7

In the laboratory, the diameters of the Newton’s rings can be measured with a travelling
microscope. Usually, a little away from the center, a bright (or dark) ring 1s chosen which 13 clearly
vizible and its diameter measured. Let it be the n™ order ring. For an air film u =1. Then we have

Dy =2(2n—1)AR ...... (3) ... bright
And, D2 =4niAR ....._..(4)... dak |

The wavelength of the monochromatic light employed to illuminate the film can be
computed from either of the above equations, provided R 15 known.

However, in actual practice, another ring, p ring from this ring onwards 13 selected.
The diameter of this (n+p)® ring is also measured. Then we have

Dpp? =2(2n+2p—1)AR ... bright
And, Dpy=4n+pJAR ... dark
Subtracting D’ from Dy, we have
Dypy?-Dy? =4pAR ... (5)
for erther bright or dark ring.
g Dotpz-Dnz (6)

4pd



Fresnel biprism \
A bi-prism is essentially two prisms, each of very small refractlng
angle placed base to base. In reality, the bi-prism is constructed from
a single plate of glass by suitably grinding and polishing it. The
obtuse angle of the prism is only slightly less than 180° and the other
angles are equal. In a very thin bi-prism, the obtuse angle may be
179°20°, the other two angles being 20’ each.

Fig.1



In the experimental arrangement the bi-prism is placed with its refracting edge
accurately parallel to the slit S which is illuminated by a source of monochromatic light
of wavelength A. When light is allowed to fall symmetrically on the bi-prism, the
refracting edge divides the incident wavefront into two parts. Firstly, the one which in
passing through the upper half ABD if the bi-prism is deviated through a small angle
towards the lower half of the diagram and appears to diverge from the virtual source S,.
Secondly, the one which passes through the lower half is deviated through a small angle
towards the upper half and appears to diverse from the virtual source S,. S, and S, being
the image of the slit S, obviously function as coherent sources in this experiment.

Moreover, the two emergent wavefronts intersect at small angles and hence the
fundamental condition of interference is satisfied. If a screen is placed on the right of the
bi-prism, interference fringes of equal widths are produced in the overlapping region
between E and F the two emergent beams. Beyond E and F fringes of large width are
produced which are due to diffraction. In reality diffraction bands are present over the
whole region but equally spaced interference fringes are observed superposed on them
in portion between E and F.




Determination of the wavelength of light:

The bi-prism arrangement can be used to determine the wavelength of monochromatic light
or almost monochromatic light like the one coming from a sodium lamp. Light from the
sodium lamp illuminates the slit S and resulting interference fringes can be viewed through
the eve-piece. By emploving the formula

dX AD
A= [x=27

a

4 can be determined once the values of X, the fringe-width, d, the distance of separation of
the virtual sources 51 and S; and D, the normal distance of the plane of observation of the
fringes from the slit, are measured with the help of the bi-prism experiment.




H. W. : Mathematical Problems

Interferometry

The phenomenon of interference has been used to measure the wavelength of
light and the thickness of very thin plate to test the plane of surfaces to
determine refractive indices of substances and also to determine whether a
given so supply is an automatic or otherwise instruments based on the
principle of interference of light are known as interferometer.

Some of these interferometers can be used in conjunction with a large
extended source. Of those the Michelson interferometer has been important
in the past and steel is. The instrument, designed by Prof. Albert Michelson,
Is used to determine the wavelength of light, to measure the thickness of thin
strips, for the resolution of spectral line and also for the standardization of
the meter.




