Polarization by Reflection

Another means of producing polarized light from unpolarized light is by
reflection. When light strikes a nonmetallic surface at any angle other than
perpendicular, the reflected beam is polarized preferentially in the plane
parallel to the surface, Fig. 24-46. In other words, the component with polar-
ization in the plane perpendicular to the surface is preferentially transmitted
or absorbed. You can check this by rotating Polaroid sunglasses while
looking through them at a flat surface of a lake or road. Since most outdoor
surfaces are horizontal, Polaroid sunglasses are made with their axes vertical
to eliminate the more strongly reflected horizontal component, and thus
reduce glare. People who go fishing wear Polaroids to eliminate reflected glare from
the surface of a lake or stream and thus see beneath the water more clearly (Fg. 24-47).

(a) (b)

The amount of polarization in the reflected beam depends on the angle,

varying from no polarization at normal incidence to 100% polarization at

an angle known as the polarizing angle, 6,." This angle is related to the index

of refraction of the two materials on either side of the boundary by the equation
s

tan BP = : (24-6a)
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where n, is the index of refraction of the material in which the beam is traveling,
and 1y 1s that of the medium beyond the reflecting boundary. If the beam is
traveling in air, n; = 1, and Eq. 24-6a becomes

tané, = n. (24-6h)

The polarizing angle 8, is also called Brewster’s angle, and Eqs. 24-6 Brewster’s
law, after the Scottish physicist David Brewster (1781-1868), who worked it
out experimentally in 1812, Equations 24-6 can be derived from the electro-
magnelic wave theory of light. Tt is interesting that at Brewster's angle, the
reflected ray and the transmitted (refracted) ray make a 90° angle to each
other; that is, 6, + 6, = 90°, where 6, is the refraction angle (Fig. 24-48).
This can be seen by substituting Eq. 24—6a, n, = nytanfl, = n sinf /cosd,,
into Snell’s law, n;sinfl, = n,sinf,, and get cos#, = sinf, which can only
hold if #, = 90° — 6.

Polarizing angle. (a) At what incident angle is sunlight
reflected from a lake planc-polarized? (b) What is the refraction angle?
APPROACH The polarizing angle at the surface is Brewster’s angle,
Eq. 24-6b. We find the angle of refraction from Snell’s law.

SOLUTION (a) We use Eq. 24—-6b with »n = 1.33, so tan 8,=1.33 giving 0,=33.1°
(b) From Snell’s law, sin #, = sin,/n = sin53.1°/1.33 = 0.601 giving 6, = 36.9°.
NOTE 6, + 6, = 53.1° + 36.9° = 90.0°, as expected.

"Only a fraction of the incident light is reflected at the surface of a transparent medium. Although
this reflected light is 100% polarized (if # = #,). the remainder of the light, which is transmitted
into the new medium, is only partially polarized.
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FIGURE 24-46 Light reflected
from a nonmetallic surface. such as
the smooth surface of water in a
lake. is partially polarized parallel to
the surface.

FIGURE 24-47 Photographs of a river,

(a) allowing all light into the camera lens, and

(b) using a polarizer. The polarizer is adjusted to
absorb most of the (polarized) light reflected from
the water’s surface, allowing the dimmer light
from the bottom of the river. and any fish lying
there, to be seen more readily.

FIGURE 24-48 At f), the reflected
light is plane-polarized parallel to the
surface, and #, + #, = 90°, where #, is
the refraction angle. (The large dots
represent vibrations perpendicular to
the page.)

SECTION 24-10 Polarization
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