1 Crossed Polarising Filters

Light is a wave system in which the vibration is transverse-in a plane perpendicular to the direction of propagation. Within this plane the vibrations normally occur in all possible orientations. Such a wave system, in which the directions of vibration are distributed at random, is said to be unpolarised. If, conversely, the vibrations occur predominantly or solely in one direction, then the light is said to be partially or completely plane polarised.

If an unpolarised beam is passed through a filter of some polarising material (see section 2), the emergent beam will consist of waves vibrating in a single direction. The direction, in the filter, parallel to the direction of vibration of the transmitted light, is termed the polarising axis of the filter. If the vector a represents the amplitude of a vibration inclined at an angle (J to the polarising axis, then the component of a lying in the polarising axis is given by
a'  =  a cos  (
Also the intensity of a vibration is a function of the square of its amplitude. Hence, writing I( for the intensity of the transmitted radiation and I for the intensity when ( is zero, 

I( =I cos 2(
Hence the action of the polarising filter upon an incident beam of un-polarised light is not simply to transmit those vibrations whose direction is exactly parallel to the polarising axis, but also to transmit, of vibrations inclined to it, their components in the polarising axis.
 If, now, a second filter, known as the analyser, is placed in the path of the polarised ray transmitted by the first, it will behave in an entirely analogous fashion, but now ( is the angle between the polarising axes of the two filters, and I is the intensity of the beam transmitted by the analyser when these axes are parallel. Whereas a single filter will transmit (neglecting absorption) about 50 per cent of an unpolarised incident beam irrespective of the orientation of its axis (the directions of vibration in the unpolarised beam being random), the second filter will transmit anything from 100 per cent of the polarised beam incident to it (when ( = 0°) to 0 percent (when ( = 90°); In practice these theoretical figures are reduced by reflection at each surface of the filter, and also by absorption: the transmission factors of different Polaroid filters range from 25 to 42 per cent. 
2 Polarising agents: 
(a) Transmission polariser. Polaroid, a synthetic product, is a development of 'herapathite' (iodoquinine sulphate), discovered as long ago as 1852. It derives its polarising action from the linear arrangement of innumerable microscopic herapathite crystals embedded in a protective, stable, and transparent medium. It produces 90 per cent polarisation at 500 nm, is opaque to ultraviolet, and comparatively so to the shorter visible wavelengths; the infrared is transmitted unpolarised. Various commercially produced plastic polarisers derive their action from the linear arrangement of large and complex molecule chains. An example is iodinised polyvinyl alcohol.

(b) Double-refraction polarisers. Many naturally occurring crystals (e.g. calcite) and some artificial materials (e.g. cellophane) have the property of refracting an incident ray in two directions, each of the refracted rays being completely polarised in mutually perpendicular planes. One ray arises from normal refraction, and is known as the ordinary ray. The other, the extraordinary ray, obeys neither of the laws of refraction; Ne, as measured by it, may be either greater or less than No, measured by the ordinary ray. The ordinary and extraordinary images may be distinguished by rotating the crystal, when the ordinary image will remain stationary while the extraordinary image will revolve round it. That the two rays are plane polarised with their axes of polarisation inclined to one another at an angle of 90° is proved by observing the two images through an analyser: both never being fully visible or invisible simultaneously.

An ingenious use of the doubly refracting calcite crystal is the type of prism devised by Nicol in 1828. Two calcite crystals are cut to the shape illustrated in Figure 176, polished, and cemented together at their shaded faces with Canada balsam. The refractive index of the balsam is intermediate between No and Ne, and by adjusting the angle between the balsam interface and the incident ray it is possible to eliminate one of the rays by internal reflection (its angle of incidence at the interface exceeding the critical angle) while the other is transmitted.

The advantage of the Nicol prism, which secures its use for all critical work, including photometry, resides in the fact that it is the only known agent whose polarisation and transmission are independent of wavelength, i.e. its image is colourless. Its disadvantages are, firstly, cost, since sufficiently large calcite crystals are hard to come by, and secondly, for one ray to be eliminated while the other is transmitted, the range of angles that the incident ray may make with the first face of the prism is limited, i.e. its field is small.
(c) Polarisation by reflection. This finds its application less in photometry than in solar work, where it is employed in solar eyepieces. If a ray of light is directed at a plane glass surface, the angle of incidence Ip being such that
tan Ip  =  N
then the reflected portion of .the ray will be completely polarised in a plane perpendicular to the plane of incidence. This special value of i is known as Brewster's angle; 
for flint (N=I.615) it is 58¼°, and for crown (N=1.515) 56½°.
Polarisation is zero when I = 0° and I =90°, and partial between these limits and Brewster's angle. The refracted portion of the ray is never more than partially polarised.

Even matt surfaces partially reflect as glass, or mirror-like, surfaces, and hence the light by which they are seen is partially polarised; this fact is the basis of the use of Polaroid anti-glare spectacles.
(d) Polarisation by scattering. Particles in suspension, whether in a liquid or in the atmosphere, both scatter and partially polarise the light passing among them, provided they are small enough. In the case of the atmosphere, maximum polarisation of the Sun's light occurs along a great circle 90° from the Sun.
(e) Internal strain. Glass is not normally doubly reflecting, but under great strain, caused either by mechanical pressure or by too rapid annealing, it may become so.

(f) Conditions in the source. The greater part of sunlight and of light from most artificial sources is unpolarised. Electrical and magnetic fields in the source may, however, under certain conditions cause it to emit partially polarised light.
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