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Geometric OpticsLight from this page or screen is formed into an image
by the lens of your eye, much as the lens of the camera that made this photograph. Mirrors, like lenses, can also
form images that in turn are captured by your eye.

Our lives are filled with light. Through vision, the most valued of our senses, light can evoke spiritual emotions, such
as when we view a magnificent sunset or glimpse a rainbow breaking through the clouds. Light can also simply
amuse us in a theater, or warn us to stop at an intersection. It has innumerable uses beyond vision. Light can carry
telephone signals through glass fibers or cook a meal in a solar oven. Life itself could not exist without light’s energy.
From photosynthesis in plants to the sun warming a cold-blooded animal, its supply of energy is vital.

FIGURE 25.1 Image seen as a result of reflection of light on a plane smooth surface. (credit: NASA Goddard Photo and Video, via Flickr)
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FIGURE 25.2 Double Rainbow over the bay of Pocitos in Montevideo, Uruguay. (credit: Madrax, Wikimedia Commons)

We already know that visible light is the type of electromagnetic waves to which our eyes respond. That knowledge
still leaves many questions regarding the nature of light and vision. What is color, and how do our eyes detect it?
Why do diamonds sparkle? How does light travel? How do lenses and mirrors form images? These are but a few of
the questions that are answered by the study of optics. Optics is the branch of physics that deals with the behavior
of visible light and other electromagnetic waves. In particular, optics is concerned with the generation and
propagation of light and its interaction with matter. What we have already learned about the generation of light in
our study of heat transfer by radiation will be expanded upon in later topics, especially those on atomic physics.
Now, we will concentrate on the propagation of light and its interaction with matter.

It is convenient to divide optics into two major parts based on the size of objects that light encounters. When light
interacts with an object that is several times as large as the light’s wavelength, its observable behavior is like that of
a ray; it does not prominently display its wave characteristics. We call this part of optics “geometric optics.” This
chapter will concentrate on such situations. When light interacts with smaller objects, it has very prominent wave
characteristics, such as constructive and destructive interference. Wave Optics will concentrate on such situations.

25.1 The Ray Aspect of Light
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• List the ways by which light travels from a source to another location.

There are three ways in which light can travel from a source to another location. (See Figure 25.3.) It can come
directly from the source through empty space, such as from the Sun to Earth. Or light can travel through various
media, such as air and glass, to the person. Light can also arrive after being reflected, such as by a mirror. In all of
these cases, light is modeled as traveling in straight lines called rays. Light may change direction when it encounters
objects (such as a mirror) or in passing from one material to another (such as in passing from air to glass), but it then
continues in a straight line or as a ray. The word ray comes from mathematics and here means a straight line that
originates at some point. It is acceptable to visualize light rays as laser rays (or even science fiction depictions of ray
guns).

Ray

The word “ray” comes from mathematics and here means a straight line that originates at some point.

1098 25 • Geometric Optics

Access for free at openstax.org



FIGURE 25.3 Three methods for light to travel from a source to another location. (a) Light reaches the upper atmosphere of Earth traveling
through empty space directly from the source. (b) Light can reach a person in one of two ways. It can travel through media like air and glass.
It can also reflect from an object like a mirror. In the situations shown here, light interacts with objects large enough that it travels in
straight lines, like a ray.

Experiments, as well as our own experiences, show that when light interacts with objects several times as large as
its wavelength, it travels in straight lines and acts like a ray. Its wave characteristics are not pronounced in such
situations. Since the wavelength of light is less than a micron (a thousandth of a millimeter), it acts like a ray in the
many common situations in which it encounters objects larger than a micron. For example, when light encounters
anything we can observe with unaided eyes, such as a mirror, it acts like a ray, with only subtle wave characteristics.
We will concentrate on the ray characteristics in this chapter.

Since light moves in straight lines, changing directions when it interacts with materials, it is described by geometry
and simple trigonometry. This part of optics, where the ray aspect of light dominates, is therefore called geometric
optics. There are two laws that govern how light changes direction when it interacts with matter. These are the law
of reflection, for situations in which light bounces off matter, and the law of refraction, for situations in which light
passes through matter.

25.2 The Law of Reflection
LEARNING OBJECTIVES
By the end of this section, you will be able to:

• Explain reflection of light from polished and rough surfaces.

Whenever we look into a mirror, or squint at sunlight glinting from a lake, we are seeing a reflection. When you look
at this page, too, you are seeing light reflected from it. Large telescopes use reflection to form an image of stars and
other astronomical objects.

The law of reflection is illustrated in Figure 25.4, which also shows how the angles are measured relative to the
perpendicular to the surface at the point where the light ray strikes. We expect to see reflections from smooth
surfaces, but Figure 25.5 illustrates how a rough surface reflects light. Since the light strikes different parts of the
surface at different angles, it is reflected in many different directions, or diffused. Diffused light is what allows us to
see a sheet of paper from any angle, as illustrated in Figure 25.6. Many objects, such as people, clothing, leaves, and
walls, have rough surfaces and can be seen from all sides. A mirror, on the other hand, has a smooth surface
(compared with the wavelength of light) and reflects light at specific angles, as illustrated in Figure 25.7. When the
moon reflects from a lake, as shown in Figure 25.8, a combination of these effects takes place.

Geometric Optics

The part of optics dealing with the ray aspect of light is called geometric optics.
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