Dispersion and polarization

In his 1666 experiment, shown in Figure 1, Newton discovered what is now called dispersion or dispersive refraction. He showed that a light beam is bent, or refracted, as it passes fromone medium to another—e.g., fromair into glass. The natures of the two media as well as the wavelength of the light involved determine the degree of refraction, with shorter wavelengths bending more than longer wavelengths. Dispersion in a faceted diamond produces coloured flashes of light, in drops of water in the atmosphere it produces primary and secondary rainbows, and in ice crystals in thin clouds it produces a variety of halos and arcs around the Sun and Moon.

Dispersion has its origin in absorption. Even a colourless, transparent substance, such as glass, absorbs electromagnetic radiation in the ultraviolet (derived from the unpairing of paired electrons and their further excitation) and in the infrared (from the vibrations of atoms, molecules, and larger structural units). Itis a combination of these two effects that produces dispersion: only a vacuum has no absorptions and therefore no dispersion.

A rope can be snapped so that a wave movement travels from one end to the other; the motion of the wave can be from side to side, up and down, or in any direction perpendicular to the rope. Similarly, an unpolarized light wave travels in a single direction but vibrates in random directions perpendicular to its travel. When  a light wave vibrates in only one direction, it is called polarized.

Light can be polarized in passing through certain substances (such as a crystal of calcium carbonate, the mineral calcite, or a sheet of polarizing film) that block out all waves except those vibrating in a particular direction. Polarized white light can interact with various doubly refracting materials (ones in which the index of refraction varies according to the direction in which the light waves passing through it vibrate) to produce colour. This technique is often used to view rocks or structural models; the colours produced are then studied to determine mineral composition or to analyze stress.

