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Diffraction

Diffraction refers to various phenomena which occur when a wave encounters an
obstacle. In classical physics, the diffraction phenomenon is described as the apparent
bending of waves around small obstacles and the spreading out of waves past small
openings. Similar effects occur when a light wave travels through a medium with a
varying refractive index, or a sound wave travels through one with varying acoustic
impedance. Diffraction occurs with all waves, including sound waves, water waves, and
electromagnetic waves such as visible light, X-rays and radio waves. As physical objects
have wave-like properties (at the atomic level), diffraction also occurs with matter and
can be studied according to the principles of quantum mechanics.

Richard Feynman said that:

“no-one has ever been able to define the difference between interference and
diffraction satisfactorily. It is just a question of usage, and there is no specific,
important physical difference between them."

While diffraction occurs whenever propagating waves encounter such changes, its
effects are generally most pronounced for waves whose wavelength is roughly similar to
the dimensions of the diffracting objects. If the obstructing object provides multiple,
closely spaced openings, a complex pattern of varying intensity can result. (diffraction
grating)

Examples

The effects of diffraction are often seen in everyday life. The most striking examples of
diffraction are those involving light; for example, the closely spaced tracks on a CD or
DVD act as a diffraction grating to form the familiar rainbow pattern seen when looking
at a disk. This principle can be extended to engineer a grating with a structure such that
it will produce any diffraction pattern desired; the hologram on a credit card is an
example. Diffraction in the atmosphere by small particles can cause a bright ring to be
visible around a bright light source like the sun or the moon. A shadow of a solid object,
using light from a compact source, shows small fringes near its edges. The speckle
pattern which is observed when laser light falls on an optically rough surface is also a
diffraction phenomenon. All these effects are a consequence of the fact that light
propagates as a wave.

Mechanism

Diffraction arises because of the way in which waves propagate; this is described by the
Huygens—Fresnel principle and the principle of superposition of waves. The
propagation of a wave can be visualized by considering every point on a wavefront as a
point source for a secondary spherical wave. The wave displacement at any subsequent
point is the sum of these secondary waves. When waves are added together, their sum is
determined by the relative phases as well as the amplitudes of the individual waves so
that the summed amplitude of the waves can have any value between zero and the sum
of the individual amplitudes. Hence, diffraction patterns usually have a series of
maxima and minima.

There are various analytical models which allow the diffracted field to be calculated,
including the Kirchhoff-Fresnel diffraction equation which is derived from wave
equation, the Fraunhofer diffraction approximation of the Kirchhoff equation which
applies to the far field and the Fresnel diffraction approximation which applies to the
near field. Most configurations cannot be solved analytically, but can yield numerical
solutions through finite element and boundary element methods.



