
12.2.2

Focusing Light on the Retina

In order to clearly see any object, the first thing that has to happen is that the light reflected off of the object must be
focused on the retina. Think of the light being reflected off of a face that you are looking at. Light coming from the
subject’s nose is spreading out (diverging) as it hits your eye. In order to see the nose clearly, all of the light reflecting
from it must be focused on a single spot on the retina. To accomplish this, the light needs to be bent or refracted. You
know that light can be focused using something like a magnifying glass. The physics behind this phenomenon has to
do with the fact that as light passes through objects of different densities its speed changes. If it strikes the object at a
90-degree angle, even though its speed changes it maintains a straight path. However, if it strikes the object at any other
angle (not 90 degrees) it is refracted (see image below). This is why a convex magnifying lens can focus light. We have
two convex structures in the eye to bend the light, the cornea and the lens. Also, their densities are different than the air
and they are different than the aqueous and vitreous humors. We, therefore, have the ideal conditions for bending the
light. However, depending on how close the object is to our eyes the light will be diverging at different angles. The closer
it is, the more the light diverges and the more it must be refracted to focus properly. This requires that we be able to
adjust the curvature of our refracting surfaces in order to focus properly. The cornea is an excellent refractor, in fact it is
responsible for most of the required bending of the light. Its limitation, however, is that it cannot be adjusted. The lens,
on the other hand, is adjustable due to its elasticity and the actions of the ciliary muscle. We define a surface's
refracting ability based on its focal point. The focal point is the precise point at which the light rays all converge. As the
lens becomes thicker its focal point shortens and it is able to bend light more sharply. On the other hand, as the lens
flattens its focal point becomes longer and it bends the light to a lesser degree. Let's see if we can put this all together
and explain how we focus objects at different distances from the eye.
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Illustration of light refraction through a prism which causes the light rays to bend and converge at a single focal
point. © 2013 Encyclopaedia Britannica, Inc. Downloaded from Image Quest Britannica, BYU-Idaho

We will start with objects that are 20 feet or more from the eye. At this distance the normal eye is designed to focus the
object properly without any thickening of the lens. The ciliary muscles would be relaxed and the lens would be at its
thinnest. The closest distance at which the lens does not have to thicken for proper focusing is called the far point of
vision. For the normal, average eye, the far point of vision is 20 feet. For anything less than this distance from the eye,
three things must happen to properly focus the object on the retina. The first we have already discussed; the lens must
thicken. This phenomenon is known as accommodation. As objects continue to move closer the lens will thicken more
and more until it is at its maximum thickness. If the object is brought even closer it will begin to blur. The closest point
that at which we can keep the object in focus is called the near point of vision. The near point of vision changes as we
get older. It is only 2-3 inches in infants but may be as far as 5 feet when we get into our late 40’s. The change is due to
the fact that the lens becomes less elastic as we age and cannot thicken as much, a condition known as presbyopia.

Focus on the back wall of your room and while maintaining your focus bring your finger in front of your nose a few
inches from your face. What do you see? The reason you see two images is because the light is focusing on different
parts of the retinas in your two eyes. Now focus on your finger so that you only see one. In order to do that your eyes
had to turn in or converge. The closer the object is to the eyes, the more they have to converge. This is the second thing
that must happen in order to properly focus on objects less than 20 feet away.

The third thing that happens is that the pupils constrict. The purpose for this constriction is to increase the depth of
focus. The depth of focus is how much of the visual field we can keep in sharp focus. Again, place your finger between
your face and the computer screen. If you focus on your finger the print on the computer screen will blur and if you
focus on the print your finger will blur, we cannot keep both in focus at the same time. Constriction of the pupil
increases the depth of focus and helps us keep close objects totally in focus. This is also why we sometimes require
additional light to see clearly when doing really close work. Since the pupil is constricted, less light can enter the eye
requiring more light to see well.
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Focusing Errors
Even though our eyes are designed to focus automatically, like a self-focusing camera, problems do arise. Think of how
many people you know who have to wear glasses or contact lenses in order to see clearly. The most common focusing
error is near sightedness, or myopia. People who are near sighted can see fine up close but have a difficult time
focusing things in the distance. This is usually due to an eyeball that has grown too long. Recall that the eye is designed
to properly focus objects greater than 20 feet away without any accommodation of the lens. If the eyeball is too long
the image focuses in front of the retina (the focal point is too short) causing objects to appear blurred in our vision. To
correct this condition, lenses that spread the light are used to lengthen the focal point and achieve proper focusing.
Concave lenses spread light. If you are near sighted and wear glasses, note that the lens of your glasses is thinner in
the center than on the edges, creating the concave lens to spread the light. A simple eye test is used to determine if you
are nearsighted. This test involves a chart with lines of letters that get progressively smaller as they go down the chart.
The subject stands 20 feet from the chart and reads the smallest print that he can. He is then assigned a number based
on which line he can read. Normal vision is 20/20 vision. These numbers represent distances. The first number is where
the subject is standing, i.e. 20 feet from the chart. The second number is where someone with normal vision would
stand to read the same line as the subject. For example, if you have 20/20 vision you can see at 20 feet what a “normal”
subject would see at 20 feet. If your vision is 20/80 it means that what you see at 20 feet, a “normal” subject would be
able to see at 80 feet.

Another vision problem, far sightedness, or hyperopia, is less common and is essentially the opposite of myopia. The
subject can see distant objects well but close objects are blurred. The usual cause of this disorder is an eyeball that is
too short so the lens cannot thicken enough. Consequently, the object focuses behind the retina. To correct for
farsightedness, a convex lens is used to shorten the focal length. Children with hyperopia will sometimes grow out of
the problem when their eyeball lengthens as they age.

Two other common conditions are astigmatism and presbyopia. Astigmatism is due to an irregularity in the lens or the
cornea such that one or both is not symmetrical. This results in part of the object focusing normally while part of it is
out of focus. To correct this condition lenses are prepared that are also asymmetrical to counteract the irregularities in
the lens or cornea. Presbyopia was alluded to earlier. This is the condition that develops as we age and the lens
becomes less elastic. Often, older individuals who have always had normal vision will find that they need reading
glasses to help focus the light. The corrective lenses for presbyopia are the same as for far sightedness. They are
convex to shorten the focal point of the light.
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