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The Eye

Like a camera, a normal eye focuses light and produces a sharp image. However, the

mechanisms by which the eye controls the amount of light admitted and adjusts to

produce correctly focused images are far more complex, intricate, and effective than
those in even the most sophisticated camera.
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Figurel. Important parts of the eye.
Figure 1 shows the basic parts of the human eye. Light entering the eye passes
through a transparent structure called the cornea, behind which are a clear liquid
(the aqueous humor), a variable aperture (the pupil, which is an opening in the iris),
and the crystalline lens. Most of the refraction occurs at the outer surface of the
eye, where the cornea is covered with a film of tears. Relatively little refraction
occurs in the crystalline lens because the aqueous humor in contact with the lens
has an average index of refraction close to that of the lens. The iris, which is the
colored portion of the eye, is a muscular diaphragm that controls pupil size.
The iris regulates the amount of light entering the eye by dilating the pupil in low-
light conditions and contracting the pupil in high-light conditions. The f-number
range of the eye is from about /2.8 to f/16.
The cornea—lens system focuses light onto the back surface of the eye, the retina,
which consists of millions of sensitive receptors called rods and cones. When
stimulated by light, these receptors send impulses via the optic nerve to the brain,
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where an image is perceived. By this process, a distinct image of an object is
observed when the image falls on the retina.

Conditions of the Eye:

When the eye suffers a mismatch between the focusing range of the lens—
cornea system and the length of the eye, with the result that light rays from a near
object reach the retina before they converge to form an image, as shown in Figure
2a, the condition is known as farsightedness (or iyperopia). A farsighted person can
usually see faraway objects clearly but not nearby objects. Although the near point
of a normal eye is approximately 25 cm, the near point of a farsighted person is
much farther away. The refracting power in the cornea and lens is insufficient to
focus the light from all but distant objects satisfactorily. The condition can be
corrected by placing a converging lens in front of the eye, as shown in Figure 2b.
The lens refracts the incoming rays more toward the principal axis before entering
the eye, allowing them to converge and focus on the retina.

A person with nearsightedness (or myopia), another mismatch condition, can focus
on nearby objects but not on faraway objects. The far point of the nearsighted eye is
not infinity and may be less than 1 m. The maximum focal length of the nearsighted
eye is insufficient to produce a sharp image on the retina, and rays from a distant
object converge to a focus in front of the retina. They then continue past that point,
diverging before they finally reach the retina and causing blurred vision
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Figure 2 (a) When a farsighted eye looks at an object located between the near
point and the eye, the image point is behind the retina, resulting in blurred vision.
The eye muscle contracts to try to bring the object into focus. (b) Farsightedness is
corrected with a converging lens.
(Fig. 3 a). Nearsightedness can be corrected with a diverging lens, as shown in
Figure 3 b. The lens refracts the rays away from the principal axis before they enter

the eye, allowing them to focus on the retina.
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Figure 3 (a) When a nearsighted eye looks at an object that lies beyond the eye’s far
point, the image is formed in front of the retina, resulting in blurred vision.
(b) Nearsightedness is corrected with a diverging lens.
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Beginning in middle age, most people lose some of their accommodation ability as
the ciliary muscle weakens and the lens hardens. Unlike farsightedness, which is a
mismatch between focusing power and eye length, presbyopia (literally, “old-age
vision™) is due to a reduction in accommodation ability. The cornea and lens do not
have sufficient focusing power to bring nearby objects into focus on the retina. The
symptoms are the same as those of farsightedness, and the condition can be
corrected with converging lenses.

In the eye defect known as astigmatism, light from a point source produces a line
image on the retina. This condition arises when either the cornea or the lens or both
are not perfectly symmetric. Astigmatism can be corrected with lenses that have
different curvatures in two mutually perpendicular directions.

Optometrists and ophthalmologists usually prescribe lenses] measured in diopters:
the power P of a lens in diopters equals the inverse of the focal length in meters: P "
1/f.

For example, a converging lens of focal length +20 cm has a power of +5.0 diopters,
and a diverging lens of focal length +40 cm has a power of +2.5 diopters.

Example: A particular nearsighted person is unable to see objects clearly when they
are beyond 2.5 m away (the far point of this particular eye). What should the focal
length be in a lens prescribed to correct this problem?

Solution:

1.1 L
p g = —25m f

f= —25m

The Simple Magnifier

The simple magnifier consists of a single converging lens. As the name implies, this
device increases the apparent size of an object.

Suppose an object is viewed at some distance p from the eye, as illustrated in

Figure 4.The size of the image formed at the retina depends on the angle 6 subtended
by the object at the eye. As the object moves closer to the eye,0 increases and a
larger image 1s observed. However, an average normal eye cannot focus on an object
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Figure 4. The size of the image formed on the retina depends on the angle 0
subtended at the eye.

closer than about 25 cm, the near point (Fig. 5 a). Therefore, 6 is maximum at the
near point.

To further increase the apparent angular size of an object, a converging lens can be
placed in front of the eye as in Figure 5 b, with the object located at point O, just
inside the focal point of the lens. At this location, the lens forms a virtual, upright,
enlarged image. We define angular magnification m as the ratio of the angle
subtended by an object with a lens in use (angle 0 in Fig. 5 b) to the angle
subtended by the object placed at the near point with no lens in use (angle 6, in Fig.
5a):

The angular magnification is a maximum when the image is at the near point of the
eye—that is, when g = -25 cm. The object distance corresponding to this image
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Figure 5(a) An object placed at the near point of the eye (p = 25 cm) subtends an
angle 0= h/25 at the eye. (b) An object placed near the focal point of a converging

lens produces a magnified image that subtends an angle 0 =h'/25 at the eye.

distance can be calculated from the thin lens equation:

i, 1 _1
P —E"S-::m_f
9y
P= 25 + f

where f'is the focal length of the magnifier in centimeters. If we make the small
angle approximations

h 1
tan By = @y = o5 and tan @ = @ = —
R )
Equation 1 becomes
0 h/p 25 25
.. = s — —
. o h/25 P 25f/(25 + f)
25 cm
Mmax — I +—
........ (3)

Although the eye can focus on an image formed anywhere between the near point
and infinity, it is most relaxed when the image is at infinity. For the image formed by
the magnifying lens to appear at infinity, the object has to be at the focal point of the
lens. In this case, Equations 2 become

f,=——  and =—

25

and the magnification is
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#  25cm

Mo = =
mn H{} f

With a single lens, it is possible to obtain angular magnifications up to about 4

without serious aberrations. Magnifications up to about 20 can be achieved by using

one or two additional lenses to correct for aberrations.

Example: What is the maximum magnification that is possible with a lens having a
focal length of 10 cm, and what is the magnification of this lens when the eye is
relaxed?

Solution The maximum magnification occurs when the image is located at the near
point of the eye. Under these circumstances, Equation 3 gives
25 cm 25 cm
Mpay =1 +———=1+—""—= 35

f 10 cm

When the eye is relaxed, the image is at infinity. In this case, we use Equation 3 :

25 cm 25 cm o
Mmin = f " 10cm 7




