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is 6 m (20 ft) or more away from the viewer, the light rays re-
flected from the object are nearly parallel to one another (Fig-
ure 17.12b). The lens must bend these parallel rays just enough so
that they fall exactly focused on the central fovea, where vision is
sharpest. Because light rays that are reflected from objects closer
than 6 m (20 ft) are divergent rather than parallel (Figure 17.12c),
the rays must be refracted more if they are to be focused on the
retina. This additional refraction is accomplished through a process
called accommodation.

Accommodation and the Near Point of Vision
A surface that curves outward, like the surface of a ball, is said to
be convex. When the surface of a lens is convex, that lens will re-
fract incoming light rays toward each other, so that they eventu-
ally intersect. If the surface of a lens curves inward, like the inside
of a hollow ball, the lens is said to be concave and causes light
rays to refract away from each other. The lens of the eye is convex
on both its anterior and posterior surfaces, and its focusing power
increases as its curvature becomes greater. When the eye is focus-
ing on a close object, the lens becomes more curved, causing
greater refraction of the light rays. This increase in the curvature

Refraction of Light Rays
When light rays traveling through a transparent substance (such
as air) pass into a second transparent substance with a different
density (such as water), they bend at the junction between the two
substances. This bending is called refraction (re-FRAK-shun)
(Figure 17.12a). As light rays enter the eye, they are refracted at
the anterior and posterior surfaces of the cornea. Both surfaces of
the lens of the eye further refract the light rays so they come into
exact focus on the retina.

Images focused on the retina are inverted (upside down) (Fig-
ure 17.12b, c). They also undergo right-to-left reversal; that is,
light from the right side of an object strikes the left side of the
retina, and vice versa. The reason the world does not look inverted
and reversed is that the brain “learns” early in life to coordinate
visual images with the orientations of objects. The brain stores
the inverted and reversed images we acquired when we first
reached for and touched objects and interprets those visual im-
ages as being correctly oriented in space.

About 75% of the total refraction of light occurs at the cornea.
The lens provides the remaining 25% of focusing power and also
changes the focus to view near or distant objects. When an object

Figure 17.11 The iris separating the anterior and posterior chambers of the eye. The section is through the anterior portion of the
eyeball at the junction of the cornea and sclera. Arrows indicate the flow of aqueous humor.

The lens separates the posterior chamber of the anterior cavity from the vitreous chamber.

Where is aqueous humor produced, what is its circulation path, and where does it drain from the eyeball?
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Retina

of the lens for near vision is called accommodation (a-kom-a-DĀ-
shun) (Figure 17.12c). The near point of vision is the minimum
distance from the eye that an object can be clearly focused with
maximum accommodation. This distance is about 10 cm (4 in.) in
a young adult.

How does accommodation occur? When you are viewing dis-
tant objects, the ciliary muscle of the ciliary body is relaxed and
the lens is flatter because it is stretched in all directions by taut
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TABLE 17.1

Summary of the Structures of the Eyeball
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Cornea: Admits and refracts
(bends) light.

Sclera: Provides shape and
protects inner parts.

Iris: Regulates amount of light
that enters eyeball.

Ciliary body: Secretes aqueous
humor and alters shape of lens for
near or far vision (accommodation).

Choroid: Provides blood supply
and absorbs scattered light.

Receives light and converts it into
receptor potentials and nerve
impulses. Output to brain via
axons of ganglion cells, which
form optic (II) nerve.

Contains aqueous humor that helps
maintain shape of eyeball and
supplies oxygen and nutrients to
lens and cornea.

Refracts light.

Contains vitreous body that helps
maintain shape of eyeball and
keeps retina attached to choroid.Vitreous

chamber

Figure 17.12 Refraction of light rays. (a) Refraction is the
bending of light rays at the junction of two transparent substances with
different densities. (b) The cornea and lens refract light rays from
distant objects so the image is focused on the retina. (c) In
accommodation, the lens becomes more spherical, which increases the
refraction of light.

Images focused on the retina are inverted and left-
to-right reversed.

What sequence of events occurs during accommodation?

(a) Refraction of light rays

Nearly parallel rays
from distant object

Lens

(b) Viewing distant object

Divergent rays
from close object

(c) Accommodation

Lens

Light ray before 
refraction

Air

Water
Light ray after
refraction

STRUCTURE FUNCTION

Fibrous tunic

Vascular tunic

Retina

Lens

Anterior cavity

Vitreous chamber

JWCL316_c17_635-679.qxd  31/08/2010  13:38  Page 651



652 CHAPTER 17 • THE SPECIAL SENSES

Refraction Abnormalities
The normal eye, known as an emmetropic eye (em�-e-TROP-ik),
can sufficiently refract light rays from an object 6 m (20 ft) away
so that a clear image is focused on the retina. Many people, how-
ever, lack this ability because of refraction abnormalities. Among
these abnormalities are myopia (mı̄-Ō-pē-a), or nearsightedness,
which occurs when the eyeball is too long relative to the focusing
power of the cornea and lens, or when the lens is thicker than
normal, so an image converges in front of the retina. Myopic indi-
viduals can see close objects clearly, but not distant objects. In hy-
peropia (hı̄-per-Ō-pē-a) or farsightedness, also known as hyper-
metropia (hı̄�-per-me-TRŌ-pē-a), the eyeball length is short
relative to the focusing power of the cornea and lens, or the lens
is thinner than normal, so an image converges behind the retina.
Hyperopic individuals can see distant objects clearly, but not
close ones. Figure 17.13 illustrates these conditions and explains
how they are corrected. Another refraction abnormality is astig-
matism (a-STIG-ma-tizm), in which either the cornea or the lens
has an irregular curvature. As a result, parts of the image are out
of focus, and thus vision is blurred or distorted.

Most errors of vision can be corrected by eyeglasses, contact
lenses, or surgical procedures. A contact lens floats on a film of
tears over the cornea. The anterior outer surface of the contact
lens corrects the visual defect, and its posterior surface matches
the curvature of the cornea. LASIK involves reshaping the cornea
to permanently correct refraction abnormalities.

zonular fibers. When you view a close object, the ciliary muscle
contracts, which pulls the ciliary process and choroid forward to-
ward the lens. This action releases tension on the lens and zonular
fibers. Because it is elastic, the lens becomes more spherical
(more convex), which increases its focusing power and causes
greater convergence of the light rays. Parasympathetic fibers of
the oculomotor (III) nerve innervate the ciliary muscle of the cil-
iary body and, therefore, mediate the process of accommodation.

With aging, the lens loses elasticity and thus its ability to curve
to focus on objects that are close. Therefore, older people cannot
read print at the same close range as can younger people. This condi-
tion is called presbyopia (prez-bē-Ō-pē-a; presby- � old; -opia � per-
taining to the eye or vision). By age 40 the near point of vision may
have increased to 20 cm (8 in.), and at age 60 it may be as much as
80 cm (31 in.). Presbyopia usually begins in the mid-forties. At about
that age, people who have not previously worn glasses begin to need
them for reading. Those who already wear glasses typically start to
need bifocals, lenses that can focus for both distant and close vision. •

CLINICAL CONNECTION | Presbyopia

An increasingly popular alternative to wearing glasses or con-
tact lenses is refractive surgery to correct the curvature of the cornea
for conditions such as farsightedness, nearsightedness, and astigma-
tism. The most common type of refractive surgery is LASIK (laser-

CLINICAL CONNECTION | LASIK

Figure 17.13 Refraction abnormalities in the eyeball and
their correction. (a) Normal (emmetropic) eye. (b) In the
nearsighted or myopic eye, the image is focused in front of the retina.
The condition may result from an elongated eyeball or thickened lens.
(c) Correction of myopia is by use of a concave lens that diverges
entering light rays so that they come into focus directly on the retina.
(d) In the farsighted or hyperopic eye, the image is focused behind the
retina. The condition results from a shortened eyeball or a thin lens.
(e) Correction of hyperopia is by a convex lens that converges entering
light rays so that they focus directly on the retina.

In myopia (nearsightedness), only close objects can
be seen clearly; in hyperopia (farsightedness), only
distant objects can be seen clearly.

What is presbyopia?
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assisted in-situ keratomileusis). After anesthetic drops are placed in
the eye, a circular flap of tissue from the center of the cornea is cut.
The flap is folded out of the way, and the underlying layer of cornea
is reshaped with a laser, one microscopic layer at a time. A computer
assists the physician in removing very precise layers of the cornea.
After the sculpting is complete, the corneal flap is repositioned over
the treated area. A patch is placed over the eye overnight and the
flap quickly reattaches to the rest of the cornea. •
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