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Activities:
Film Can Eyeglasses— a pinhole can help you see better
Vessels — using a flashlight, you can see the blood supply for your retina
Blind Spot - find the diameter of your optic nerve
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Film Can Eyeglasses

Materials Needed

1 black film can without a lid

* 1 push pin

» printed paper with small print to read B

Film Can

Hole

What To Do
1. Using the pin, make a single small hole in the center of the bottom of the film
can.

2. If you wear eye glasses or contact lenses, you can remove them for this activity,

Keeping the open end of the film can up to right eye, look at the tiny hole you
have made with the pushpin. Keep your other left eye closed.

4. Looking through the pinhole with your right eye, look at objects around the
room. Do they appear clear or out of focus. How well can your unaided right eye
see when you remove the film can? Remember to keep the left eye closed.

5. Looking through the pinhole with your right eye, get as close as you can to very
small print. How close can you get to the page and still be able to clearly see the
print. When you are as close as you can get, remove the film can and see how
well your unaided eye does. Remember to keep your left eye closed.

6. You can try to repeat steps 3 through 5 holding the film can up to your left eye
and closing your right eye. You can also try some other experiments. Try
making more than one hole or making a larger hole. How large can the hole be
before images are no longer any sharper than they are with the unaided eye?

What’s Going On?

Your pupil regulates the amount of light that enters your eye. When a lot of light is
available and enters the eye, the pupil constricts so that less light strikes the retina.
When there is less light available, the pupil dilates which allows as much light as
possible to enter the eye. You might believe that the pupil does this to protect the eye
from too much light. But actually, the primary function of light control is to keep
images formed on the retina as sharp as possible without sacrificing brightness at the
same time.

How does this work? The lens inside your eye is responsible for fine-tuning the
sharpness of the image, but like all lenses, it is not perfect. Images formed by the lens
of the eye do not all arrive at a single point of focus. Some light rays always miss —
especially light rays that don‘t pass through the center of a curved lens. The larger
your pupil, the more light rays enter your eye, and the more light rays miss the focus
and the blurring the image becomes.
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By using a pinhole to filter out most of the incoming light rays, you create an image
that is both very dim (because the number of light rays is substantially reduced) and
also very sharp. Notice just how small your film can pinhole is compared to the
diameter of your pupil in bright light. It isn‘t possible for your pupil to get this small
(see Figure 1).

Figure 1: The Effect of a pinhole on image formation of the eye.
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Vessels

You can use a flashlight to cast a shadow of the blood supply of your retina onto the
retina itself. This will allow you to see these blood vessels, and even your blind spot.
Materials Needed ) —
o A Mini MagLite e '
e A room which you can darken

« A sheet of black construction ~ '
paper

What To Do

1. Turn on the MagLight.
Darken the room- turn off

the lights and close the
shades.

. Hold the Mini MagLite about
1 c¢m in front of, and slightly
below the center of, the
pupil of one of your eyes.
Look at the sheet of black
construction paper. The

black paper should fill your
field of view.

. Move the light slowly from . -
side to side a short distance ~_ |
(0.5 cm). Do not follow the

motion of the light with your eye. Keep doing this for 20 seconds. Notice the
network that appears. It will look like the branches of a tree or the branching of a
river viewed from high above.

What’s Going On?

The network is the pattern of arteries and veins that supplies blood to your retina. It
spreads out from the dark blob of your blind spot. In human eyes, the blood supply of
the retina is in front of the retina. That is, light passes through the blood supply on its
way to the retinal detectors. You do not see the retinal blood supply because it never
changes, and your eye ignores unchanging images. The point source of light casts a

shadow of the retinal blood supply on your retina. When you move the point of light
from side to side, the shadow moves. You can then see the changing shadow.
What Else?

Glaucoma is a disease of the eye in which pressure builds up inside the eyeball. The
pressure squeezes on the retinal blood supply network, reducing blood flow to the
periphery of the eye and resulting in the death of the retina, starting at the periphery
and working in toward the center. One of the symptoms of glaucoma is tunnel vision.
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Blind Spot
Using math and a popsicle stick, you can measure the diameter of your optic nerve

Materials: A popsicle stick
(per pair students) A small, neon-colored, round sticker

A meter stick

A ruler

A friend to help you measure
Calculator (optional)

What To Do:
(1) Put a neon dot at the end of your popsicle stick (or pencil). You are now ready to

)

(3

measure the size of your right eye's blind spot. (see Figure 1)

Figure 1 .
E ‘ Neon dot (sticker)

Popsicle stick

Your blind spot is a hole in your retina where the optic nerve enters the back of
your eyeball. Because it a hole, this part of the retina has no rods or cones. So
images that form on this part of the retina are not received by the brain—so, you
have a blind spot.

Close your left eye and keep it closed. With your right eye open, look at some
object in the distance (something more than ten feet away). /tis very important
that you keep your left eye closed and your right eye fixed on this object while
you examine your blind spot.

With your arm extended straight out in front of you (elbows straight), hold your
neon dot so that the red dot appears to cover the distant object you are looking at
with your right eye. (see Figure 2)

Figure 2
distant obiject

dot alligned w/
distant object
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(4) Keeping your right eye 's gaze fixed on the distant object, slowly move the neon
dot to the right. Eventually, the bright red dot should disappear in your
peripheral vision. If you have moved the red dot more than about 20° from its
position straight out in front of you, you have gone too far.

(s)  When you find the location of the spot where the red dot disappears, move the
dot up and down. Remember to keep your right eye focused on the distant
object straight in front of you and keep your arm straight with your elbows
locked! How high is your blind spot when the dot is held out at arm's length?
Using a ruler, have a friend help you measure the height (H) of your blind spot.
(see Figure 4)

) Dot appears to
View from top vanish here for
of your head the right eye

Left side Right side
of head of head
Height of

O blindspot

Figure 4
(6)  Collect the following measurements:

H = The height of your blind spot (in cm)
D = The distance from your eye to the stick (in cm)

Here is @ measurement you’ll need:
d = The diameter of your eyeball = 2 cm

(7)  With this data you are ready to estimate the size of your optic nerve. You'll use
the geometry and mathematics of similar triangles to make this estimate.
Figure 5 below shows the relationship between the sides for triangles that are
similar. Because light travels in a straight line from objects to your retina, we
can make use of these same relationships to find the size of any image on the
back of your eye (the retina). Figure 5 also shows a ray diagram that
demonstrates how the size of any object and the size of its image can be found
by applying the knowledge that the ratio of the length and height of similar
triangles are equal.
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Figure 5

D/H = d/h
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Figure 6 shows the relationship between the height where the dot appears to vanish
(H), the distance between the eye and the stick (D), the diameter of the eyeball (d),
and the unknown that you need to solve (the size of the optic nerve or hole in your
retina, or h). This calculation will give you the diameter of your optic nerve — the size
of the hole in the back of your eye. The formula you will use is:

h = d (H/D)

Figure 6
Height of your
“blind spot”

Distance To The
Popsicle Stick (D)

Size of the
Optic Nerve
(h)

O Optic Nerve

How Did You Do? The diameter of your optic nerve is about 2-3 mm. How did your
estimate compare?
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Diseases and Conditions of the Eye
From http://www.webmd.com/eye-health/common-eye-problems

Presbyopia.

This is the loss of the ability to clearly see close objects or small print. It is a normal
process that happens slowly over a lifetime, but you may not notice any change
until after age 40. Presbyopia is often corrected with reading glasses.

Floaters.

These are tiny spots or specks that float across the field of vision. Most people
notice them in well-lit rooms or outdoors on a bright day. Floaters often are
normal, but can sometimes indicate a more serious eye problem, such as retinal
detachment, especially if they are accompanied by light flashes. If you notice a
sudden change in the type or number of spots or flashes you see, visit your eye
doctor as soon as possible.

Dry eyes.

This happens when tear glands cannot make enough tears or produce poor quality
tears. Dry eyes can be uncomfortable, causing itching, burning, or rarely some loss
of vision. Your eye doctor may suggest using a humidifier in your home, special eye
drops that simulate real tears, or plugs that are placed in tear ducts to decrease tear
drainage.

Tearing.

Having too many tears can come from being sensitive to light, wind, or
temperature changes. Protecting your eyes by shielding them or wearing sunglasses
can sometimes solve the problem. Tearing may also mean that you have a more
serious problem, such as an eye infection or a blocked tear duct. Your eye doctor
can treat or correct both of these conditions.

Cataracts.

Cataracts are cloudy areas that develop within the eye lens. Since the lens in a
healthy eye is clear like a camera lens, light has no problem passing through the lens
to the back of the eye to the retina where images are processed. When a cataract is
present, the light cannot get through the lens as easily and, as a result, vision can be
impaired. Cataracts often form slowly, causing no pain, redness, or tearing in the
eye. Some stay small and do not alter eyesight. If they become large or thick,
cataracts can usually be removed by surgery.

Glaucoma.

This condition occurs when there is a typical and progressive deterioration of the
optic nerve. Glaucoma is often associated with an increased pressure of the eye. The
eye is like a tire that generally has a normal and safe pressure. When this pressure is
increased, it can be associated with damage to the optic nerve; this is called primary
open angle glaucoma. Closed angle glaucoma is less common and can be caused by
other factors such as injury to the eye, severe eye infection, blockage of blood
vessels, or inflammatory disorders of the eye. Because most people with primary
glaucoma have no early symptoms or pain, it is very important to get your eyes
checked by an eye doctor reqularly. Treatment may include prescription eye drops
or surgery.
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Retinal disorders.

The retina is a thin lining on the back of the eye made up of cells that collect visual
images and pass them on to the brain. Retinal disorders interrupt this transfer of
images. They include age-related macular degeneration, diabetic retinopathy, and
retinal detachment. Early diagnosis and treatment of these conditions is important
to maintain vision.

Conjunctivitis.

This is a condition in which the tissue that lines the eyelids and covers the cornea
becomes inflamed. It is sometimes called "pink eye" or "red eye." It can cause
redness, itching, burning, tearing, discharge, @or a feeling of something in the eye.
Conjunctivitis occurs in people of all ages and can be caused by infection, exposure
to chemicals and irritants, or allergies.

Corneal diseases.

The cornea is the clear, dome-shaped "window" at the front of the eye. It helps to
focus light that enters the eye. Disease, infection, injury, and exposure to toxic
agents can damage the cornea causing eye redness, watery eyes, pain, reduced
vision, or a halo effect. Treatments include making adjustments to the eyeglass
prescription, using medicated eye drops, or having surgery.

Eyelid problems.

The eyelids protect the eye, distribute tears, and limit the amount of light entering
the eye. Pain, itching, tearing, and sensitivity to light are common symptoms of
eyelid problems. Other problems may include drooping eyelids, blinking spasms, or
inflamed outer edges of the eyelids near the eyelashes. Eyelid problems often can be
treated with proper cleaning, medication, or surgery.

Web Resources

CDC Common Eye Disorders
I ) I isionhealth/basic_inf 5 di I I
Medicine.Net: Eyesight Center

NIH National Eye Institute

http://www.nei.nih.gov/health/
MIT BLOSSOMS: What's In An Eye?
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