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FIGURE 24-42 Unpolarized light
has equal intensity vertical and
horizontal components. Afler passing
through a polarizer, one of these
components is eliminated. The
intensity of the light is reduced to half,

FIGURE 24-43 Crossed

Polaroids completely
eliminate light.

FIGURE 24-44 (rossed Polaroids.
When the two polarized sunglass

lenses overlap, with axes perpendic-
ular, almost no light passes through.

FIGURE 24-45 Example 24-12.
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Unpolarized light consists of light with random directions of polarization.
Each of these polarization directions can be resolved into components along
two mutually perpendicular directions. On average, an unpolarized beam can be
thought of as two plane-polarized beams ol equal magnitude perpendicular to
one another, When unpolarized light passes through a polarizer, one
component is eliminated. So the intensity of the light passing through is
reduced by half since half the light is eliminated: 7 = 11, (Fig. 24-42).

When two Polaroids are crossed—that is, their polarizing axes are perpendicular
to one another—unpolarized light can be entirely stopped. As shown in Fig. 24-43,
unpolarized light is made plane-polarized by the first Polaroid (the polarizer).
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The second Polaroid. the analyzer, then eliminates this component since its trans-
mission axis is perpendicular to the first. You can try this with Polaroid sunglasses
(Fig. 24-44). Note that Polaroid sunglasses eliminate 50% of unpolarized light
because of their polarizing property; they absorb even more because they are colored.

DGV SLER RN Two Polaroids at 60°. Unpolarized light passes through
two Polaroids; the axis of one is vertical and that of the other is at 60° to the
vertical. Describe the orientation and intensity of the transmitted light.

APPROACH Half of the unpolarized light is absorbed by the first Polaroid,
and emerges plane polarized. When that light passes through the second
Polaroid, the intensity is further reduced according to Eq. 24-5, and the plane
of polarization becomes along the axis of the second Polaroid.
SOLUTION The first Polaroid eliminates half the light, so the intensity is
reduced by half: I, = 5 I,. The light reaching the second polarizer is vertically
polarized and so is reduced in intensity (Eq. 24-5) to

I, = I(cos60°)? = {1,.
Thus, I, = §1,. The transmitted light has an intensity one-eighth that of the
original and is plane-polarized at a 60 angle to the vertical.

CONCEPTUAL EXAMPLE 24-12 | Three Polaroids. We saw in Fig. 24-43
that when unpolarized light falls on two crossed Polaroids (axes at 90”), no
light passes through. What happens if a third Polaroid, with axis at 457 to each
of the other two, is placed between them (Fig, 24-45a)7

RESPONSE We start just as in Example 24-11 and recall again that light
emerging from each Polaroid is polarized parallel to that Polaroid’s axis. Thus
the angle in Eq. 24-5 is that between the transmission axes of each pair of
Polaroids taken in turn. The first Polaroid changes the unpolarized light to
plane-polarized and reduces the intensity from I, to I, = 3/,. The second
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polarizer further reduces the intensity by (cos 45°)%, Eq. 24-5:
I, = I(cos45°) = L1, = L 1.
The light leaving the second polarizer is plane polarized at 457 (Fig. 24-45b)
relative to the third polarizer, so the third one reduces the intensity to
I, = Licos45°)y =L I,
or I = £ I,. Thus  of the original intensity gets transmitted.
NOTE If we don’t insert the 45° Polaroid, zero intensity results (Fig, 24-43).

EXERCISE E How much light would pass through if the 45° Polarizer in Example 24-12
was placed not between the other two polarizers but (a) before the vertical (first)
polarizer, or (b) after the horizontal polarizer?




