
Wave Optics

I - Concept of Interference

a) Introduction to light wavesa) Introduction to light waves

b) Superposition principle

c) Division of amplitude and wave front division

d) Interferometers
(Michelson, Fabry-Perot, Mach Zehnder), Applications



Wave equation in stretching strings









The Wave?







Displacement vs time

at a specific point in space (for a specific particle).



Superposition Principle



Terminology

• Phase Difference:  

The fractional part of a period which represents the 
offset in peak positions of waves.

• Coherence:  • Coherence:  

The existence of a correlation between the phases of 
two or more waves such that interference effects can 
be observed. 

• Interference: 

The variation with distance or time of the amplitude 
of a wave which results from the superposition of two 
or more waves.



Phase Difference



In phase of two waves



Out of Phase



Phase difference -π/2



Coherence of light sources

Two waves will only produce a stable interference pattern if

their phase relationship remains constant.

Young created coherent light sources by dividing the 

wavefronts from a single source into two, using slits.



Constructive Interference



Destructive Interference





















































Applications of Young’s double slit interference











 In optics, a thin film is a layer of material with thickness in the sub-nanometer to micron range.

As light strikes the surface of a film it is either transmitted or reflected at the upper surface. Light
that is transmitted reaches the bottom surface and may once again be transmitted or reflected.

 The light reflected from the upper and lower surfaces will interfere.

 The degree of constructive or destructive interference
between the two light waves depends on the difference
in their phase.

Thin film Interference

in their phase.

 This difference in turn depends on the thickness of the
film layer, the refractive index of the film, and the
angle of incidence of the original wave on the film.

Additionally, a phase shift of 180° or {π} radians
may be introduced upon reflectionat a boundary
depending on the refractive indices of the materials
on either side of the boundary.



 This phase shift occurs if the refractive index of the medium the light is travelling through is
less than the refractive index of the material it is striking.

In other words, if n1< n2 and the light is travelling from material -1 (n1) to material -2 (n2)
, then a phase shift occurs upon reflection.

The pattern of light that results from this interference can appear either as light and dark
bands or as colorful bands depending upon the source of the incident light.

 Consider light incident on a thin film and reflected by both the upper and lower boundaries. Consider light incident on a thin film and reflected by both the upper and lower boundaries.
The optical path difference (OPD) of the reflected light must be calculated in order to
determine the condition for interference
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Interference will be constructive if the optical path difference is equal to an integer multiple of the 
wavelength of light.

This condition may change after considering possible phase shifts that occur upon reflection.

2 22 cos( )OPD n d m  

Constructive Phase 
InteractionInteraction

Destructive Phase 
Interaction





Examples

1. Soap bubble

 In the case of a soap bubble, light travels through air and strikes a
soap film. The air has a refractive index of 1 (n air=1}) and the
film has an index that is larger than 1 (n film>1).

 The reflection that occurs at the upper boundary of the film (the
air-film boundary) will introduce a 180° phase shift in the
reflected wave because the refractive index of the air is less thanreflected wave because the refractive index of the air is less than
the index of the film (n film>1).

 Light that is transmitted at the upper air-film interface will
continue to the lower film-air interface where it can be reflected
or transmitted.

 The reflection that occurs at this boundary will not change the
phase of the reflected wave because {n film>1}.

The condition for interference for a soap bubble is the following:

1
2 cos( ) ( ) , 1,2,......

2filmn d m m    For constructive interference of reflected light

2 cos( )filmn d m  For destructive interference of reflected light



2. Oil film

For constructive interference
of reflected light

air water oiln n n 

2 cos( )filmn d m  For destructive interference of reflected
light

3. Anti-reflection coatings

1
2 cos( ) ( ) , 1,2,3,......

2filmn d m m   

air coating glassn n n 

For destructive interference
of reflected light

2 cos( )filmn d m  For constructive interference of
reflected light

3. Anti-reflection coatings
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INTERFEROMETER



Michelson Interferometer

Albert Abraham Michelson

(1852-1931)



Michelson-Morley Experiment
In 1878, Michelson thought the detection of motion through the ‘ether’ might be
measurable.

In trying to measure the speed of the Earth through the supposed "ether", you
could depend upon one component of that velocity being known - the velocity of
the Earth around the sun, about 30 km/s. Using a wavelength of about 600 nm,
there should be a shift of about 0.04 fringes as the spectrometer was rotated 360°.
Though small, this was well within Michelson's capability.

Michelson, and everyone else, was surprised that there was no shift. Michelson's
description of the experiment: "The interpretation of these results is that there is
no displacement of the interference bands. ... The result of the hypothesis of a
stationary ether is thus shown to be incorrect."
(A. A. Michelson, Am. J. Sci, 122, 120 (1881))





1. S is the source of almost uniform
intensity.

2. L represents a ground glass plate to
extend uniform intensity.

3. G1 Beam splitter: Partially reflect and
partially transmit at 45 degrees to the
mirrors.

4. M1 and M2 are two perpendicular to
each other.each other.

5. Waves from P partially get reflected and
transmitted through the G1.

6. The reflected waves gets further
reflection from Mirror M1. And this
will transmitted through G1.

7 . The transmitted wave gets reflected by
the Mirror M2. And reflected from G1.

8. Waves (5) and (6) are similar are
shown in the figure.



If the beam splitter is glass material the phase
accumulated by π, Since the beam is extra path
travelled hence the path difference will be,

2(X2 ~ X1 ) + λ/2 = mλ (For constructive interference)

Hence
2(X2 ~ X1 ) = (m+1/2) λ .

For Destructive interference,
2(X2 ~ X1 ) = m λ

If there is angle (θ) between two rays from two
mirrors then,
Path difference
2d Cos (θ) = (m+1/2) λ For constructive interference
2d Cos (θ) = mλ For Destructive interference

























What about the ones hitting the edge?

More cartoons on network
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(this is not one peak but a 

broad diffuse one as the way 
the balls hit the barrier edge 

will send them off in 
different angles)

Centre of mass near edge.

This is not what happens in diffraction. This is to tell you that ‘watch out for sharp corners’!!
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Centre of mass near edge.

Glancing angle collision.



What if the slit width is of the order of the ‘ball size’?
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There is ‘intensity’ in the 
‘geometrical shadow’ 

region as well!

 So we have seen that even with macroscopic balls it is possible to get 
‘intensity’ in the region of the geometrical shadow.

 For this effect to be prominent we have noticed that the slit width has 
to be of the order of the ‘size’ of the ball.





















Quantitative Intensity in the single-slit pattern

• The angle b is the phase angle of the ray 
from the top of the slit, while the phase 
angle from the bottom of the slit is 0.  The 
vectors lie along a circle whose center is at 
C, so Ep is a chord of the circle.  The arc 
length E0 is subtended by this same angle 
b, so the radius of the circle is E0/b. 

• From the diagram,

• Since

• We have

(sinc function)
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Intensity Distribution 

Use phasor diagram to do the 
addition E1 + E2
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Represents the diffraction due to single slits of width “b”

Represents the interference intensity due to two parallel slits separated by “d”









An arrangement consisting of large number of parallel slits of the same width and separated by equal opaque
spaces is known as Diffraction grating. Gratings are constructed by ruling equidistant parallel lines on a
transparent material such as glass, with a diamond point.

The ruled lines are opaque to light while the space between any two lines is transparent to light and acts as a slit.
This is known as Gratings are constructed by ruling equidistant parallel lines on a transparent material such as
glass, with a ?ne diamond point.

The ruled lines are opaque to light while the space between any two lines is transparent to light and acts as a slit.
This is known as plane transmission grating.

When the spacing between the lines is of the order of the wavelength of light, then an appreciable deviation of theWhen the spacing between the lines is of the order of the wavelength of light, then an appreciable deviation of the
light is produced.



We assume that each slit consists of n equally spaced point sources with
spacing (∆). Thus the field at an arbitrary point P will essentially be a sum of
N terms.
Where the first term represents the amplitude produced by the first slit, the
second term by the second slit, etc. and the various symbols have the same
meaning



Represents the intensity due to single slit

Represents the interference intensity due to N equispaced parallel slits.



For N = 1, the above Eq.  reduces to the single-slit diffraction pattern 
and for N = 2, to the double-slit diffraction pattern.  

In we have given a plot of the function, As a function of g for N = 5 
and N = 11. One can immediately see that as the value of N becomes 
very large, the above function becomes very sharply peaked at γ = 0, π, 
2π, . . . . 
Between the two peaks, the function vanishes when,Between the two peaks, the function vanishes when,

which are referred to as secondary minima.





When the value of N is very large, one obtains intense maxima
at γ~- mπ, i.e., when

This can be easily seen by noting that,

thus, the resultant amplitude and the corresponding intensity
distributions are given by,



Such maxima are known as principal maxima. Physically, at these
maxima the fields produced by each of the slits are in phase, and
therefore, they add and the resultant field is N times the field produced
by each of the slits.

Consequently, the intensity has a large value unless
itself is very small.

(Minima corresponding to the single slit diffraction)



Such maxima are known as principal maxima. Physically, at these
maxima the fields produced by each of the slits are in phase, and
therefore, they add and the resultant field is N times the field produced
by each of the slits.

Consequently, the intensity has a large value unless itself isConsequently, the intensity has a large value unless itself is
very small.

Thus, there will only be a finite number of principal maxima.
Thus, between two principal maxima we have N – 1 minima. Between
two such consecutive minima the intensity has to have a maximum; these
maxima are known as secondary maxima.































Problem 1

Diffraction gratings with 10,000 lines per centimeter are readily
available. Suppose you have one, and you send a beam of white
light through it to a screen 2.00 m away. (a) Find the angles for the
first-order diffraction of the shortest and longest wavelengths of
visible light (380 and 760 nm, respectively). (b) What is the
distance between the ends of the rainbow of visible light produceddistance between the ends of the rainbow of visible light produced
on the screen for first-order interference?



The distance between slits is

d=(1cm)/10,000

d =1.00×10−4cm or1.00×10−6m.

Solution

d=(1cm)/10,000=1.00×10−4cm or1.00×10−6m.

d Sinθ = mλ, m= 1,2,3, …… 
For Violet of m=1 order
d Sinθv =λv 

1.00×10−6m Sinθv = 380 10−9m

θv = 22.33o



Similarly for red

θr = 49.46o

The distances on the secreen are labeled yv and yr

. 

Notice that tanθ=y/x.Notice that tanθ=y/x.

We can solve for yv and yr That is,

yv = x tan θv and yr = xtan θr

yv – yr = 1.523 m



Rayleigh Criteria For Resolution

Resolving Power: An optical instrument used to resolve the two
closely spaced objects is called Resolving power.

According to Raleigh, two closely spaced points are said to be just
resolved if the principal maxima of one coincides with the first
minima of the other or vice versa.minima of the other or vice versa.

















Dispersive power of the Grating depends on:

1. Directly proportional to the order of n
2. Inversely proportional to grating element (a+b)
3. Inversely proportional to Cosθ.

If the value of Cosθ is large, then  Cosθ will be small and 
Dispersive power dθ/dλ is highDispersive power dθ/dλ is high

As θr > θv in a given spectrum, therefore dispersive power in the red
Region is greater than in violet region.

If θ is small, Cosθ =1 , hence dθ α dλ.
Such spectrum is known as normal spectrum



Resolving power of Microscope










