When we see an object, according to the ray model, light reaches our eyes from
each point on the object. Although light rays leave each point in many different
directions, normally only a small bundle ol these rays can enter the pupil of an
observer’s eye, as shown in Fig. 23-1. If the person’s head moves to one side, a
different bundle of rays will enter the eye from each point.

We saw in Chapter 22 that light can be considered as an electromagnetic
wave. Although the ray model of light does not deal with this aspect of light (we
discuss the wave nature of light in Chapter 24), the ray model has been very
successful in describing many aspects of light such as reflection, refraction, and the
formation of images by mirrors and lenses. Because these explanations involve
straight-line rays at various angles, this subject is referred to as geometric optics.

m Reflection; Image Formation by a Plane Mirror

When light strikes the surface of an object, some of the light is reflected. The rest
can be absorbed by the object (and transformed to thermal energy) or, if the
object is transparent like glass or water, part can be transmitted through. For a
very shiny object such as a silvered mirror, over 95% of the light may be reflected.
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When a narrow beam of light strikes a flat surface (Fig. 23-2), we define
the angle of incidence, ;, to be the angle an incident ray makes with the normal
(perpendicular) to the surface, and the angle of reflection, # , 1o be the angle
the reflected ray makes with the normal. Tt is found that the incident and
reflected rays lie in the same plane with the normal to the surface, and that

the angle of reflection equals the angle of incidence, 8, = 0,.

This is the law of reflection, and it is depicted in Fig. 23-2. Tt was known to the
ancient Greeks, and you can confirm it yourself by shining a narrow flashlight
beam at a mirror in a darkened room.

When light is incident upon a rough surface, even microscopically rough
such as this page, it is reflected in many directions, Fig, 23-3. This is called
diffuse reflection. The law of reflection still holds, however, at each small section
of the surface. Because of diffuse reflection in all directions, an ordinary object
can be seen at many different angles by the light reflected from it. When you
move your head to the side, different reflected rays reach your eye from each
point on the object (such as this page), Fig. 23-4a. Let us compare diffuse
reflection to reflection from a mirror, which is known as specular reflection.
(“Speculum™ is Latin for mirror.) When a narrow beam of light shines on a
mirror, the light will not reach vour eve unless your eye is positioned at just the
right place where the law of reflection is satisfied, as shown in Fig. 23-4b. This is
what gives rise to the special image-forming properties of mirrors.
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FIGURE 23-1 Light rays come
from each single point on an object. A
small bundle of rays leaving one point
is shown entering a person’s eve.

FIGURE 23-2 Law of reflection:
(a) Shows a 3-D view of an incident
rayv being reflected at the top of a
flat surface: (b) shows a side or
“end-on” view, which we will
usually use because of its clarity.
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FIGURE 23-3 Diffuse reflection
from a rough surface.

FIGURE 23-4 A beam of light
from a flashlight shines on (a) white
paper. and (b) a mirror. In part (a),
vou can see the white light reflected at
various positions because of diffuse
reflection. But in part (b). you see the
reflected light only when your eve is
placed correctly (8, = #): this is
known as specular reflection. (Galileo,
using similar arguments. showed that
the Moon must have a rough surface
rather than a highly polished surface
like a mirror. as some people thought.)
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