Polaroids

Plane-polarized light can be obtained from unpolarized light using certain crys-
tals such as tourmaline. Or, more commonly today, we can use a Polaroid sheet.
(Polaroid materials were invented in 1929 by Edwin Land.) A Polaroid sheet
consists of complicated long molecules arranged parallel to one another.
Such a Polaroid acts like a series of parallel slits to allow one orientation of
polarization to pass through nearly undiminished. This direction is called the
transmission axis of the Polaroid. A perpendicular polarization is absorbed
almost completely by the Polaroid.

[Absorption by a Polaroid can be explained at the molecular level. An electric
field E that oscillates parallel to the long molecules can set electrons into
motion along the molecules, thus doing work on them and transferring energy.
Hence, if E is parallel to the molecules, it gets absorbed. An electric
field E perpendicular to the long molecules does not have this possibility of
doing work and transferring its energy, and so passes through freely. When we
speak of the fransmission axis of a Polaroid, we mean the direction for which E is
passed, so a Polaroid axis is perpendicular to the long molecules. If we want to think
of there being slits between the parallel molecules in the sense of Fig, 24-39, then
Fig. 24-39 would apply for the B field in the EM wave, not the E field.]

If a beam of plane-polarized light strikes a Polaroid whose transmission
axis is at an angle # to the incident polarization direction, the beam will
emerge plane-polarized parallel to the Polaroid transmission axis, and the
amplitude of E will be reduced to E cos 8, Fig. 24-41, Thus, a Polaroid passes
only that component of polarization (the electric field vector, E) that is
parallel to its transmission axis. Because the intensity of a light beam is
proportional to the square of the amplitude (Sections 11-10 and 22-5), we
see that the intensity of a plane-polarized beam transmitted by a polarizer is

I = I,cos* 8, (24-5)
where [ is the incoming intensity and @ is the angle between the polarizer
transmission axis and the plane of polarization of the incoming wave.”

Intensity of plane polarized
wave reduced by polarizer

£ Eq
§ 0 E=Eycosf FIGURE 24-41 Vertical Polaroid
3 transmits only the vertical component of
Axis a wave (electric field) incident upon it.
[ncident beam polarized Vertical Transmitted wave

at angle 8 to the vertical; Polaroid
has amplitude £,

A Polaroid can be used as a polarizer to produce planc-polarized light
from unpolarized light, since only the component of light parallel to the axis
is transmitted. A Polaroid can also be used as an analyzer to determine (1) if
light is polarized and (2) the plane of polarization. A Polaroid acting as an
analyzer will pass the same amount of light independent of the orientation of
its axis if the light is unpolarized; try rotating one lens of a pair of Polaroid
sunglasses while looking through it at a lightbulb. If the light is polarized,
however, when you rotate the Polaroid the transmitted light will be a
maximum when the plane of polarization is parallel to the Polaroid’s axis,
and a minimum when perpendicular to it. If you do this while looking at the
sky, preferably at right angles to the Sun’s direction, you will see that skylight
is polarized. (Direct sunlight is unpolarized, but don’t look directly at the Sun,
even through a polarizer, for damage to the eye may occur.) If the light trans-
mitted by an analyzer Polaroid falls to zero at one orientation, then the light is
100% plane-polarized. If it merely reaches a minimum, the light is parfially polarized.

"Equation 24-5 is often referred to as Malus® law, after Etienne Malus, a contemporary of Fresnel.
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