SP212 Lesson 36 - Polarization

Light consists of an electromagnetic wave. This has both an oscillating elec-
tric field and an oscillating magnetic field. We know that the wave travels in the
E x B dircction: the direction of oscillation for each of the two fields is neces-
sarily perpendicular the direction of the wave’s travel. In our em wave equations
we assume that the electric oscillates along the y direction for a wave moving
along the +z direction, but that is just a choice. For a wave moving (for ex-
ample) out of the page, the electric field could be oscillating in any direction in
the plane of the page. In fact, light will generally consist of many pieces with a
random distribution of these directions. This is called unpolarized light. If light
passes through a polarizer only oscillating electric fields along a particular direc-
tion will pass through, yielding polarized light. (Typically, a polarizer consist of

chains of polymers that will absorb electric fields along one particular direction.)
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e When unpolarized light of intensity Iy passes through a polarizer exactly half
of the light will pass through: I = 510 The light passing through will be

polarized, with its polarization direction matching the polarization axis of the
polarizer.

e When polarlzed light of intensity I passes through a polarlzer the intensity of
the light making it through will be I = Ijcos? § where § is the angle between
the polarization direction of the initial light and the polarizer axis. The light
passing through will still be polarized, but its direction will change so as the
match the polarization axis.

It is also the case that when light reflects and refracts at an interface between
two materials the resulting beams can become (at least partially) polarized. In par-
ticular, suppose that a ray of light traveling in a material with index n; strikes an
interface with a material of index n,. When the incident angle 6, is equal to the

Brewster angle, 6, = tan™! l the resultmg reflected ray will be completely polar-

ized. It will be polarized in the direction such that only electric fields in the plane
where the two materials met are allowed. (The refracted ray will be partially polar-
ized.) Interesting, whenever this occurs (when 6; = 6,) the reflected and refracted
rays will be perpendicular to each other.



SpP212 Lesson 36 - Polarization

Unpolarized light of intensity Iy = 100 W/m? passes three polarizer. The first
has an axis oriented vertically; the second has an axis 45° from vertical; the third
has an axis oriented horizontally. What intensity of light passes through all three
polarizers? What is the polarization direction for light making it through all three?
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What is the polarizing angle (Brewster angle) when light traveling in air (n =
1.00) reflects off of water (n = 1.33)7 What is the refracted angle (f,) when this
happens? Sketch this and shown that the reflected and refracted angles will be 90°
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