(b) The light that enters material 2 at point A then reaches
point B on the interface between material 2 and material 3,
which is air, as shown in Fig. 33-22b. The interface through B
is parallel to that through A. At B, some of the light reflects
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Next, the light that passes from material 2 into the air
undergoes refraction at point B, with refraction angle 6.
Thus, we again apply Snell’s law of refraction, but this time
we write Eq. 33-40 as

and the rest enters the air. What is the angle of reflection?

What is the angle of refraction into the air? (33-43)

N5 sin 6 = n, sin 6,
Solving for 6, then leads to

it [ in 6, ) = .»1<1-77 in2 8o>
6; = sin (ns sin 92> sin 1.00 sin 28.8

= 58,75° = 59°.

Calculations: We first need to relate one of the angles at
point B with a known angle at point A. Because the inter-
face through point B is parallel to that through point A,
the incident angle at B must be equal to the angle of re-
fraction 6,, as shown in Fig. 33-22b. Then for reflection, we
again use the law of reflection. Thus, the angle of reflec-
tion at B is

(Answer)

This result means that the beam swings away from the normal
(it was at 29° to the normal and is now at 59°). The reason is
that when the light travels across the interface, it moves into

0, = 0, = 28.88° =~ 29°. (Answer) g material (air) with a lower index of refraction.

33-9 Total Internal Reflection

Figure 33-23a shows rays of monochromatic light from a point source § in glass
incident on the interface between the glass and air. For ray a, which is perpendic-
ular to the interface, part of the light reflects at the interface and the rest travels
through it with no change in direction.

For rays b through e, which have progressively larger angles of incidence at
the interface, there are also both reflection and refraction at the interface. As the
angle of incidence increases, the angle of refraction increases; for ray e it is 90°,
which means that the refracted ray points directly along the interface. The angle
of incidence giving this situation is called the critical angle 6,. For angles of inci-
dence larger than 6, such as for rays f and g, there is no refracted ray and all the
light is reflected; this effect is called total internal reflection.

To find 6,, we use Eq. 33-40; we arbitrarily associate subscript 1 with the
glass and subscript 2 with the air, and then we substitute 6, for 6; and 90° for 6,,

Critical case
I/

If the next index is lower
and the incident angle is
large enough, the light
can be trapped inside.

(@)
Fig. 33-23 (a) Total internal reflection of light from a point source S in glass
occurs for all angles of incidence greater than the critical angle 6,. At the critical
angle, the refracted ray points along the air—glass interface. (b) A source in a
tank of water. (Ken Kay/Fundamental Photographs)
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Fig. 33-24 Anendoscope used to
inspect an artery. (©Laurent/Phototake)
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Fig. 33-25 A ray of unpolarized
light in air is incident on a glass surface
at the Brewster angle 63. The electric
fields along that ray have been re-
solved into components perpendicular
to the page (the plane of incidence,
reflection, and refraction) and compo-
nents parallel to the page. The reflected
light consists only of components per-
pendicular to the page and is thus
polarized in that direction. The re-
fracted light consists of the original
components parallel to the page and
weaker components perpendicular to
the page; this light is partially polarized.
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which leads to

1y sin 6, = n, sin 90°, (33-44)
which gives us
g, = sin~! % (critical angle). (33-45)
1

Because the sine of an angle cannot exceed unity, n, cannot exceed », in this
equation. This restriction tells us that total internal reflection cannot occur
when the incident light is in the medium of lower index of refraction. If
source S were in the air in Fig. 33-234, all its rays that are incident on the
air—glass interface (including f and g) would be both reflected and refracted
at the interface.

Total internal reflection has found many applications in medical technology.
For example, a physician can view the interior of an artery of a patient by running
two thin bundles of opfical fibers through the chest wall and into an artery
(Fig. 33-24). Light introduced at the outer end of one bundle undergoes repeated
total internal reflection within the fibers so that, even though the bundle provides
a curved path, most of the light ends up exiting the other end and illuminating the
interior of the artery. Some of the light reflected from the interior then comes
back up the second bundle in a similar way, to be detected and converted to an
image on a monitor’s screen for the physician to view.

33-10 Polarization by Reflection

You can vary the glare you see in sunlight that has been reflected from, say, water
by looking through a polarizing sheet (such as a polarizing sunglass lens) and
then rotating the sheet’s polarizing axis around your line of sight. You can do
so because any light that is reflected from a surface is either fully or partially
polarized by the reflection.

Figure 33-25 shows a ray of unpolarized light incident on a glass surface.
Let us resolve the electric field vectors of the light into two components. The
perpendicular components are perpendicular to the plane of incidence and
thus also to the page in Fig. 33-25; these components are represented with
dots (as if we see the tips of the vectors). The parallel components are parallel
to the plane of incidence and the page; they are represented with double-
headed arrows. Because the light is unpolarized, these two components are of
equal magnitude.

In general, the reflected light also has both components but with unequal
magnitudes. This means that the reflected light is partially polarized—the elec-
tric fields oscillating along one direction have greater amplitudes than those
oscillating along other directions. However, when the light is incident at a par-
ticular incident angle, called the Brewster angle g, the reflected light has only
perpendicular components, as shown in Fig, 33-25. The reflected light is then
fully polarized perpendicular to the plane of incidence. The parallel compo-
nents of the incident light do not disappear but (along with perpendicular com-
ponents) refract into the glass.

Glass, water, and the other dielectric materials discussed in Section 25-7 can
partially and fully polarize light by reflection. When you intercept sunlight
reflected from such a surface, you see a bright spot (the glare) on the surface
where the reflection takes place. If the surface is horizontal as in Fig. 33-25, the
reflected light is partially or fully polarized horizontally. To eliminate such glare
from horizontal surfaces, the lenses in polarizing sunglasses are mounted with
their polarizing direction vertical.




