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Interference and Diffraction

: Syllabus :

Interference : Introduction, Concept of thin film, Interference due to thin films of
uniform thickness (with derivation), Interference due to wedge shaped thin films
(qualitative), fringe width (with derivation), Formation of colors in thin films, Newton’s
rings, its applications(i) for the determination of wavelength of incident light or radius
of curvature of a given plano-convex lens, (ii) for the determination of refractive
index of a given liquid, Applications of Interference (i) Testing of optical flathess of
surfaces, (ii) Thickness of thin film, (iii) anti-reflection coating.

Diffraction : Diffraction of waves, classes of diffraction, Fraunhofer diffraction of
single slit (geometrical method) Conditions for maxima & minima, Intensity pattern
due to single slit, diffraction at circular aperture, plane diffraction grating (qualitative
only), Conditions for maxima & minima, Intensity pattern, Scattering of light as an
application of diffraction (qualitative only).

1.1 Interference:

In rainy season, while passing by the roads, it is our common experience that we see
beautiful colours on the ponds of water. In our childhood almost everybody has played
with the soap bubbles and amazed about the colours observed on it. These both are the
examples of interference due to thin films which mainly we are going to deal with in this
unit.

When a single source of light emits energy then it spreads out uniformly in all the
directions. But whenever there are two sources of light emitting light of same wavelength
and same amplitude then due to 'superposition of waves' from the two sources, the
distribution of light is not uniform.

Gigatech Publishing House
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F. E. (Engineering Physics) 1.2 Interference and Diffraction

1.2 Prerequisites:

1.2.1 Superposition principle:

When two or more waves travelling in a medium superimpose on each other, they
lose their individual identity and a new wave is formed, whose resultant amplitude can be
determined using superposition principle. According to superposition principle, when the
two or more waves arrives at a point simultaneously i.e. they superimpose on each other
then their resultant amplitude at that point at any instant of time is the algebraic sum of the

amplitudes of the individual waves.
Amplitude 2(A)

Amplitude 1(A;) Resultant Amplitude (A)

Fig. 1.1: Superposition of waves having same phase and frequency
If A is a resultant amplitude of a wave and A;, A,, As, are the amplitudes of the

individual waves, then
A = Ali A2 * A3 Foeeen (11)

The positive sign is taken when amplitudes of the waves are in the same direction
and negative sign when they are in opposite direction. The superposition principle is

illustrated in figure 1.1.

Combined
wave

aims O AN A
£ RYIRYIRY VvV
Wave 1 /\/\ /\/\
VVV I VVYV

Two waves in phase  Two waves 180° out of phase
Fig. 1.2 Superposition of waves having same amplitude.

Figure 1.2 shows the result of superposition of waves having same amplitude.
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F. E. (Engineering Physics) 1.3 Interference and Diffraction

1.2.2 Coherent Sources:

The two light sources are said to be coherent when there is no phase/path difference
or constant phase/path difference between them.

The two independent light sources cannot be coherent. When electron makes transition
from a higher energy state to a lower energy state, it gives out the energy in the form of
radiation. When the wavelength and frequency of these radiations lies within the visible
spectrum, we get a light. This light consists of discontinuous waves and having abrupt changes in
phase, occurring at very short interval of time. Because of this when light comes from two
independent sources, the phases of waves originating from them will be changing
independently and therefore, the phase difference between them be not constant. Hence,
two independent sources of light cannot be coherent.

The wavelength of the coherent sources is always same because the two sources to be
coherent must emit light waves of same frequency, almost same amplitude but with a
constant phase difference.

1.2.3 Interference of light:

University Questions
1. Obtain the equation of path difference between the reflected rays when the
monochromatic light is incident on the uniform thickness film. (May 2011) (7 Marks)
2. Derive the expression for brightness and darkness for a monochromatic light beam

reflected from a thin parallel film of transparent material. (Dec. 2009) (7 Marks)
3. Draw a neat labelled diagram showing interference of light in a transparent thin film of
uniform thickness (May 2012) (7 marks)

Interference of light is the phenomenon in which two or more light waves superimpose
each other resulting into the redistribution of light energy.
Constructive and Destructive interference:

Consider two light waves of equal frequency and amplitude travelling with a same
speed in the positive X-direction, but with a phase difference ¢ between them. Let these
waves superimpose on each other. Interference will occur in the region of superposition.
‘Constructive interference’ is said to be take place when the two waves superimpose
(meet at a point) and phase difference between them is zero or even multiple of ni.e 2nrn
(they are in phase) or the path difference between the two interfering waves is integral
multiple of wavelength A.

i.e. p.d.= nA. (Where,n=0,1,2,3,..) ..(1.2)
and we get bright band or spot there and intensity is maximum.

Destructive interference is said to be take place when the two waves superimpose
(meet at a point) and phase difference between them is odd multiple of ni.e.

Gigatech Publishing House
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F. E. (Engineering Physics) 1.4 Interference and Diffraction

(2n+ 1) = (they are in opposite phase) or path difference between the two interfering
waves is odd multiple of half the wavelength A.

ie. p.d.=(2n +1)% . .(1.3)

Where,n=0,1, 2,3, ...... and we get dark band or spot there and intensity is
minimum.

Thus the interference pattern consists of alternate bright and dark bands.

1.2.4 Conditions to obtain steady interference pattern in laboratory:

University Questions
1. Derive an expression for condition of maxima for reflected light in case of thin
transparent film of uniform thickness.  (May 2010, May 2011, May 2012) (3 Marks)
2. Derive an expression for condition of minima for reflected light in case of thin
transparent film of uniform thickness.  (May 2010, May 2011, May 2012) (3 Marks)

To obtain the steady resultant interference pattern on the screen, the following conditions
must be satisfied.

(i) The two light waves should be coherent. The phase difference between them should
not vary with time. The two interfering light waves must be obtained from a single
source as the light waves from two independent sources cannot be coherent.

If ¢ is a phase difference at a point between two interfering waves, then intensity at that
point is | = cos? ¢/2, Hence, when ¢ changes with time then the resultant intensity will
change with time and steady interference pattern cannot be obtained on the screen.
Therefore it is necessary that the two interfering waves are coherent.

There are two methods of getting such coherent beams and hence accordingly the
phenomenon of interference is studied under two categories.

1. Division of wave front method.
2. Division of amplitude method.

In the division of wave front method, the incident wave front is divided into two
separate wave fronts which then superimpose to give the steady interference pattern.
e.g. Young's double slit experiment, figure 1.3 (a), Fresnel's bi- prism.

Source ) ) :>Two coherent
wavefronts

)

Single wavefront \
Deuble slit

Figure 1.3 (a)
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F. E. (Engineering Physics) 15 Interference and Diffraction

In the division of amplitude method, the incident wave is divided into two beams by using
a phenomenon of partial reflection and refraction. figure 1.3 (b) (i.e. amplitude or the
intensity of incident wave is divided into two parts.)

Reflected wave

Coherent waves

// Reflecting surface

Reflected wave

Single wave I

Y, L

Figure 1.3 (b)

(i) The two interfering waves should be monochromatic. i.e. they should have same
wavelength.

(iii) To have good contrast between bright and dark bands (fringes),amplitudes of
interfering waves should be equal or nearly equal.

(iv) The good visibility of the fringes on the screen is possible if the fringe width and

the separation between the fringes is large.
To get large separation between the fringes, the separation between the
interfering wave sources should be very small and to get large fringe width the
separation between the wave sources and the screen on which the interference
pattern is obtained should be large.

(V) The two sources of interfering waves should be narrow or they must be extremely
small. A broad source is equivalent to a large number of fine sources. Each pair of
fine sources will give its own pattern. The fringes of different interference pattern
will overlap.

(vi) The angle between the interfering waves should be very small. Large angle will
introduce large path difference between the interfering waves resulting poor
contrast and visibility in the resultant interference pattern.

1.2.5 Some important results :
Before studying the interference in thin films some useful results in the optics, that will
be needed are,
(2) When p.d. between two waves is = A. Phase difference A¢ = 2n
When, p.d. = x then,

X x (1.4)

. 2
phase difference  A¢ = Tn
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