Focal point of lens and cornea

FIGURE 25-9 Accommodation by
a normal eve: (a) lens relaxed,
focused at infinity; (b) lens thickened,
focused on a nearby object.
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Corrective lenses

Nearsightedness

FIGURE 25-10 Correcting eve defects

To focus on a distant object, the ciliary muscles of the eye are relaxed and
the lens is thin, as shown in Fig. 25-9a, and parallel rays focus at the focal
point (on the retina). To focus on a nearby object, the muscles contract,
causing the center of the lens to thicken, Fig. 25-9b, thus shortening the
focal length so that images of nearby objects can be focused on the retina,
behind the new focal point. This focusing adjustment is called accommeodation.

The closest distance at which the eye can focus clearly is called the near
point of the eye. For young adults it is typically 25cm, although younger
children can often focus on objects as close as 10cem. As people grow
older, the ability to accommodate is reduced and the near point increases.
A given person’s far point is the farthest distance at which an object can be
seen clearly. For some purposes it is useful to speak of a mormal eye (a
sort of average over the population), defined as an eye having a near point
of 25 cm and a far point of infinity. To check your own near point, place this
book close to your eye and slowly move it away until the type is sharp.

The “normal” eve is sort of an ideal. Many people have eyes that do not
accommodate within the “normal™ range of 25 em to infinity, or have some
other defect. Two common defects are nearsightedness and farsightedness. Both
can be corrected to a large extent with lenses—either eyeglasses or contact lenses.

In mnearsightedness, or myvopia, the eye can focus only on nearby objects.
The far point is not infinity but some shorter distance, so distant objects are not
scen clearly. It is usually caused by an eveball that is too long, although some-
times it is the curvature of the cornea that is too great. In either case, images of
distant objects are focused in front of the retina. A diverging lens, because it
causes parallel rays to diverge, allows the rays to be focused at the retina
(Fig. 25—-10a) and thus corrects this defect.

with lenses: (a) a nearsighted eve, which

cannot focus clearly on distant objects, can
be corrected by use of a diverging lens:
(b) a farsighted eve, which cannot focus
clearly on nearby objects, can be corrected

by use of a converging lens.

Farsightedness

Astigmatism
FIGURE 25-11 A cvlindrical lens
forms a line image of a point object
because it is converging in one
plane only.
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In farsightedness, or hyvperopia, the eye cannot focus on nearby objects.
Although distant objects are usually seen clearly, the near point is somewhat greater
than the “normal” 25 cm, which makes reading difficult. This defect is caused by an
eveball that is too short or (less often) by a cornea that is not sufficiently curved. It
is corrected by a converging lens, Fig. 25-10b. Similar to hyperopia is presbyopia,
which refers to the lessening ability of the eye to accommodate as one ages, and the
near point moves out, Converging lenses also compensate for this.

Astigmatism is usually caused by an out-of-round cornea or lens so that point
objects are focused as short lines, which blurs the image. It is as if the cornea were
spherical with a cylindrical section superimposed. As shown in Fig. 25-11, a cylin-
drical lens focuses a point into a line parallel to its axis. An astigmatic eye may
focus rays in one plane, such as the vertical plane, at a shorter distance than it does
for rays in a horizontal plane. Astigmatism is corrected with the use of a compen-
saling cylindrical lens. Lenses for eyes that are nearsighted or farsighted as well as
astigmatic are ground with superimposed spherical and cylindrical surfaces, so
that the radius of curvature of the correcting lens is different in different planes.
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