Physical Optics

Wave interference

« Interference is the superposition of
two or more waves resulting in a
new wave pat(ern.

The principle of superposition of
waves states that the resultant
displacement at a point is equal to
the sum of the displacements of
different waves at that point.

An interference pattern is
noticeable if the waves are
coherent (maintain constant phase
relationship) with each other, and
monochromatic (single wavelength)
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Superposition and interference
*Waves are one or n wavelengths out of phase: Constructive interference
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*Waves are 1/2 or n + 1/2 wavelengths out of phase: Destructive
interference

Interference cont.

Constructive interference at point P where the
waves meet if their phase difference = ma
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Two slit experiment
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Diffraction Gratings
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Wave diffraction

« Diffraction is the bending and spreading
of waves when they meet an obstruction.

« It can occur with any type of wave,
including sound waves, water waves, and
electromagnetic waves such as light and
radio waves.

« Diffraction also occurs when any group
of waves of a finite size is propagating.
For example, a narrow beam of light
waves from a laser must, because of
diffraction of the beam, eventually
diverge into a wider beam at a sufficient
distance from the laser.

Diffraction Cont.
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« Huygens—Fresnel principle: The propagation of a wave can be visualized by
considering every point on a wave front as a point source for a secondary radial
wave.

« The diffraction is then formed by the subsequent propagation and interference
of all these radial waves form the new wave front.

« This principle mathematically results from interference of waves along all
allowed paths between the source and the detection point , all paths except those
that are blocked by the diffracting objects.




Diffraction of EM waves

*Huygens—Fresnel principle: The propagation of a wave can be visualized by
considering every point on a wave front as a point source for a secondary radial
wave.

Diffraction Cont.

Diffraction Observations

« The angular spacing of the features in the diffraction pattern is inversely
proportional to the dimensions of the object causing the diffraction, in
other words: the smaller the diffracting object the 'wider' the resulting
diffraction pattern and vice versa.

« The diffraction angles are invariant under scaling; that is, they depend
only on the ratio of the wavelength to the size of the diffracting object.

» When the diffracting object has a periodic structure, for example in a
diffraction grating, the features generally become sharper.

Single Slit Diffraction
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. Phase changes due to reflection
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Resolution Cont

Resolution

Diffraction from two circular objects
sources distinguished : resolved
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