VANDERBILT STUDENT VOLUNTEERS FOR SCIENCE

http://studentorgs.vanderbilt.edu/vsvs
 SEQ CHAPTER \h \r 1HOW THE EYE WORKS
Purpose: To learn the basic science of the eye.
Materials

1
Plastic model of the eye
(get from Optical Illusions box)




26
Eye handouts






12
flashlights (1 per pair)





30
index cards with an X and O and a straight line


16
chunk of clay with washer in it




16
pencils


19
paint chip cards




13
white pieces of paper  with fish bowl and colored fish drawn - 4 with different colored fish, each fish has a black eye. 1 per pair.

1    round circle colored paper (pink) on blue square with wax paper overlay

1 Semi-circle posterboard with pushpin as focus object



Several colored shapes

26 transparencies (concentric circles) - 2 needed per pair
16 color blindness charts
I. Introduction
Materials


1
Plastic model of the eye

26
Eye handouts
Hold up the plastic model of the eye, pass out handouts, and explain the following parts.  Have the class follow along on their handouts.

External eye muscles - Show the kids the eye muscles marked in red on the outside of the model.  Explain that the eye has voluntary muscles like any other muscle in the body that are used to move the eye around.  This is how you look from side to side and up and down.

Cornea - The clear structure with a roman numeral I on it is the cornea.  The clear area in the center of the outer eye is the cornea.  This protects the iris and other internal structures.

Inner, brown sphere

Iris - Take apart the white sphere.  The structure labeled with a 3 is the iris.  The iris is the muscle that controls the size of the pupil (and therefore how much light enters the eye); this is the colored part of the eye.  The iris alters the diameter of the pupil to adjust for varying light conditions.

Pupil - The hole in the middle of the blue iris is the pupil.  The pupil is the hole where light enters the eye.  It is the small, black circle in the center of your eye.  The pupil can change size depending on how much light is present (large for dim conditions when the retina needs to let lots of light in to see and small for bright conditions when the retina doesn’t need as much light and could be damaged by overexposure)

 Lens - Take the brown sphere apart and show the kids the lens, labeled with the number 15.  Explain that this special shape of the lens is what causes light to focus properly.  The shape of the lens can be changed by the eye muscles depending on whether you are looking at something nearby or far away.  You can see these muscles in red on the inside of the brown sphere.  If the lens and the cornea aren’t shaped quite right you will need to wear glasses.  DON’T LOOSE THE LENS!!


FYI - Nearsighted means you can only see things that are nearby and far away things are 

blurry, doctors call this myopia.  Farsighted means that you can only see things that are far away and near things are blurry, doctors call this hyperopia.  An astigmatism is a different problem where the light doesn’t focus correctly due to improper shape causing vision to be blurred.

Vitreous humor - The clear plastic sphere labeled with a 16 inside the brown sphere.  The vitreous humor is a clear jelly substance that holds the shape of the eye (i.e. the eyeball).

Retina - The retina is inside of the brown sphere and labeled with the number 9 (looks a bit like a g). The retina is the back part of the eye where there are special cells called rods and cones that sense light and send signals to the brain via nerves.


Rods - Special cells on the retina that are sensitive to light.  Rods detect if there is or is 


not light (black or white)


Cones - Special cells also on the retina that are sensitive to colored light.  There are 3 


types of cones, those that respond to red, green, and blue light.  Cones require more light 

to work so they don’t function as well at night - this is why you tend to see things in black and white at night

Blind Spot - several of the demonstrations in this lesson demonstrate the blind spot.  This is the point where the optic nerve leaves the back of the retina.  It is labeled on the inside of the brown sphere with the number 14.
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II. The Iris-Do with a partner

Materials
1
flashlight per pair

The iris of your eye is an important muscle that controls how much light can enter the eye. When there isn’t much light, the iris opens up the pupil and it becomes very big.  This allows lots of light to enter the eye.  In bright light the iris contracts and the pupil becomes a very small dot.  Very little light can enter this small hole.

• Hand out a flashlight to each pair.  

• Tell the students to study each other’s eyes, especially the size of the pupils. Then have one student quickly shine the light into one eye and observe what happens.  Look at the other eye too - the reaction should be the same in both (ask them if they have heard of the expression "equal and responsive”?). You should be able to see the pupil getting smaller when a light is shone into the eye.  Both pupils react in the same way even if the light is shone into just one eye.

• Let the students swap places.

Question:  Can you control the size of the iris?

Answer:  No.  At home - stare into the mirror and try to make your pupil get bigger and smaller.  You can’t do it.  That is because the iris muscle is not a voluntary muscle.  It contracts and relaxes automatically in response to the intensity of light ONLY, regardless of what you want.  This is the same as your heart beating without you thinking about it.  Do you know a way to do something to your eye to force the iris to relax and the pupil to become large?  The eye doctor has special drops that he puts in your eye to do this.

III. The Blind Spot


Materials


30 index cards with an X and O at either end and a straight line drawn across

Remember that the retina is the back part of the eye where the rods and cones are.  Light enters the pupil and hits the retina.  The eye's retina receives and reacts to incoming light and the rods and cones in the eye send messages to the brain along the optic nerve. There is, however, a part of the retina  (where this nerve meets up with the back of the eye)  where there are no rods and cones so you can’t see anything. This is your eye's blind spot.  In every day life your brain interprets information from the world and fills in the little blind spot with what it thinks should be there.  This normally works great but you can play a trick on your eyes.

Hand out the index cards (one per student).  Tell the students to:


Place the card on the table with the X on the LEFT.  


With the left eye closed, focus the right eye on the cross with your eyes about 1 foot from the paper.  It may help to have students stand over their desks for this.

Note: Students who wear glasses should keep them on for this if possible


While looking only at the cross, lower your head closer to the paper until you find the O disappears.  This may take several (5 or more) tries before the students can see the O disappear.  Encourage them to keep trying.


It is at this point that the light from the O is centered on the entrance of the optic nerve and there is no light perception  (i.e., it "disappears”).

Try the activity again, this time rotating the card so that the O and X are not directly across from each other. Are the results the same? 

Notice that when the X or O  disappears, the line appears to be continuous, without a gap where the X or O  used to be. Your brain automatically "fills in" the blind spot with a simple extrapolation of the image surrounding the blind spot. This is why you do not notice the blind spot in your day-to-day observations of the world. 

IV.  Depth Perception - "Thread the needle”


Materials (per pair)


1
chunk of clay with washer in it


1
pencils 

Closing one eye eliminates one of the clues your brain uses to judge depth.  Trying to perform a simple task with one eye closed demonstrates how much you rely on your depth  perception.  

• Tell the students to place the clay and washer on the table so that the edge of the washer, not the hole, is facing them.  

• Stand far enough from the washer so that an arm must be extended to reach it.  With both eyes 


open try to put  the pencil through the hole in the washer.

• Now close one eye and try again.  Try the other eye.

One of the clues that your brain uses to judge distance and depth is the very slight difference between what your left eye sees and what your right eye sees.  Your brain combines the two views to make a three-dimensional picture of the world.

• Try this experiment again with one eye closed.  But this time, move your  head from side to side as if to "thread the needle.”  People who have lost an eye can learn to perceive depth by

comparing the different views they obtain from one eye at two separate times.

V. GREY STEP

Materials


19 cards with 2 "paint chips” (slightly different shades) (1 per pair or more).
You can’t believe all that you see. Two slightly different shades of the same color may look different if there  is a sharp boundary between them.  But if the boundary is obscured, the two shades may be indistinguishable.

•
Look at the card with the black paper down over the color(s).  Can you tell if the colors are 



different?

•
Now lift the black strip. Now can you tell if the colors are different?

•
It is difficult to distinguish between different shades of gray or shades of the same color if there is no sharp edge between them. This is true even though a sensitive light meter would show that the different shades are reflecting different amounts of light to your eyes. Your eyes do not lack the necessary sensitivity to detect the difference: if there is an edge between the two shades, the difference is obvious.  Your eye-brain system, however, condenses the information it obtains from more than a hundred million light-detecting rods and cones in the retina in order to send the information over a million neurons to your brain. Your eye-brain system enhances the ratio of reflected light at edges. If one region of the retina is stimulated by light, lateral connections turn down the sensitivity of adjacent regions. This is called lateral inhibition. Conversely, if one region is in the dark, the sensitivity of adjacent regions is increased. This means that a dark region next to a light region looks even darker, and vice versa. As a result, your visual system is most sensitive to changes in brightness and color.  When the horse tail is absent and the normal boundary is visible, lateral inhibition enhances the contrast between the two shades of gray. The bright side appears brighter and the dark side darker. When the tail is in place, the boundary between the two different grays is spread apart across the retina so that it no longer falls on adjacent regions. Lateral inhibition then does not help us distinguish between the different shades, and the eye-brain system judges them to be the same. 

VIII.  SEEING COLOR
Materials

13   white pieces of paper  with fish bowl and colored fish drawn - 4 with different

 
       colored fish, each fish has a black eye. 1 per pair.


You see color when receptor cells (called cones) on your eye's retina are stimulated by light. There are three types of cones, each sensitive to a particular color range. If one or more of the three types of cones becomes fatigued to the point where it responds less strongly than it normally would, the color you perceive from a given object will change. 

 • Place the paper in a well-lit area. (Bright lighting is a significant factor in making this work 



well.) 

• Stare at the eye on the red fish for 15 to 20 seconds and then quickly stare at the fish bowl. You 
should see a bluish-green (cyan) fish in the bowl. Now repeat the process, staring at the green 
fish. You should see a reddish-blue (magenta) fish in the bowl. Finally, stare at the blue fish. 



You should see a yellow fish in the bowl.

The ghostly fishes that you see here are called afterimages. An afterimage is an image that stays with you even after you have stopped looking at the object. 

The back of your eye is lined with light-sensitive cells called rods and cones. Cones are sensitive to colored light, and each of the three types of cones is sensitive to a particular range of color. 

When you stare at the red fish, the image falls on one region of your retina. The red-sensitive cells in that region start to grow tired and stop responding strongly to red light. The white board reflects red, blue, and green light to your eyes (since white light is made up of all these colors). When you suddenly shift your gaze to the blank white board, the fatigued red-sensitive cells don't respond to the reflected red light, but the blue-sensitive and green-sensitive cones respond strongly to the reflected blue and green light. As a result, where the red-sensitive cells don't respond you see a bluish-green fish. This bluish-green color is called cyan. 

When you stare at the green fish, your green-sensitive cones become fatigued. Then, when you look at the white board, your eyes respond only to the reflected red and blue light, and you see a red-blue, or magenta, fish. Similarly, when you stare at a blue object, the blue-sensitive cones become fatigued, and the reflected red and green light combine to form yellow. 

For home:
You can design other objects with different colored paper and predict the results. Try a blue banana! For smaller versions, you can use brightly colored stickers (from stationery, card, or gift stores) on index cards.

One classic variation of this experiment uses an afterimage to make the American flag. Draw a flag, but substitute alternating green and black stripes for the familiar red and white stripes, and black stars on a yellow field for the white stars on a blue field. For simplicity, you can idealize the flag with a few thick stripes and a few large stars.

When you stare at the flag and then stare at a blank white background, the flag's afterimage will appear in the correct colors. 

You may also want to experiment with changing the distance between your eyes and the completely white board while you are observing the afterimage. Notice that the perceived size of the image changes, even though the size of the fatigued region on your retina remains the same. The perceived size of an image depends on both the size of the image on your retina and the perceived distance to the object.

IV. PERIPHERAL VISION (Station Activity)


Materials


1 Semi-circle posterboard with pushpin as focus object



Several colored shapes

We are not usually aware of our eye’s limitations.

• Using the cup as a handle, hold the posterboard base up to your face and put your nose in the center hole.  Have your partner hold a card so that it is against the curved side of the base, as far from the focus object (pin) as possible.  Keep your eyes on the pin while your partner moves the colored shape around the outside edge until you can see it.  Note the angle.

• Have your partner keep moving the colored shape toward the focus object.  Note the angle at which you first detect color.  Then note the angle at which you first  discern the shape itself.  Have your partner use a different shape and repeat the experiment.  You’ll probably find that your partner has to move the shapes surprisingly close to the focus object before you can make out color or shape.

Explanation:
Your retina  - The light sensitive lining at the back of your eye - is packed with light-receiving cells called rods  and cones.  Only the cones are sensitive to color.  These cells are clustered mainly in the central region of the retina.

When you see something out of the corner of your eye, it’s image focuses on the periphery of your retina, where there are few cones.  Thus, it isn’t surprising that you can’t distinguish the color of something you see out of the corner of your eye.

In the center of your field of view is a region in which the cones are packed tightly together. This region is called the Fovea.  This region, which is surprisingly small, gives you the sharpest view of an object.  The fraction of your eye covered by the fovea is about the same as the fraction of the night sky covered by the moon.

To do at home: You can demonstrate this effect more simply by focusing on one of the words on this page while at the same time trying to make out other words to the left or right.  You may be able to make out a word or two, depending on how far the page is from your eyes.  But the area that you can see clearly is the area imaged on the fovea of your eye.

Generally, you are not aware of the limitations of your peripheral vision.  You think that you have a clear view of the world because your eyes are always in motion.  Wherever you look, you see a sharp, clear image.

Interestingly, your peripheral vision is very sensitive to motion, a characteristic that probably had strong adaptive value during the earlier stages of human evolution.

VI. FADING DOT

Materials


1    round circle colored paper (pink) on blue square with wax paper overlay
Now you see it now you don’t. An object without a sharp edge can fade from your view.

A fuzzy colored dot that has no distinct edges seems to disappear.   As you stare at the dot, it’s color appears to blend with the colors surrounding it.  

• Lift the wax paper away from the pink sheet until the blue dot is blurred.  Stare at a point next

 
to the fuzzy dot for a while without moving your eyes or your head.  The blue will gradually fade into the field of pink.  As soon as you move your head or eyes, notice that the dot reappears.

• At home -  Experiment with other color combinations.

Explanation:  Even though you are not aware of it, your eyes are always making tiny jittering movements.  Each time your eyes move, they receive new information and send it to your brain.  You need this constant new information to see things. Your eyes also jitter when you look at this dot, but the color changes at the edges of the dot (as seen fuzzily through waxed paper) are so gradual that your eyes can’t tell the difference between one point on the dot and a point right next to it.  Your eyes receive no new information and the image seems to fade away.  If the dot had a distinct border, your eyes would immediately detect the change when they jittered, and you would continue to see the dot.

You may notice that, although the dot fades, just about everything else in your field of vision remains clear.  That’s because everything else has distinct edges.






VII. MOIRE PATTERNS - work in pairs

Materials


26 transparencies (concentric circles) - 2 needed per pair
•
Hand out 2 transparencies per pair.

•
Tell the students to place the transparencies on top of each other so that the circles match up exactly.  Then move one transparency so that they are not aligned, and watch the different patterns produced.

When you look through one chain-link fence at another, you sometimes see a pattern of light and dark lines that shifts as you move. This pattern, called a moire pattern, appears when two repetitive patterns overlap. Moire patterns are created whenever one semitransparent object with a repetitive pattern is placed over another. A slight motion of one of the objects creates large-scale changes in the moire pattern. These patterns can be used to demonstrate wave interference. 

Tell students they can do this at home: 

Hold two identical combs so that one is directly in front of the other and they are about a finger-width apart. Look through the teeth and notice the patterns of light and dark that appear. This is a moire pattern. Slide the combs from side to side and watch the moire pattern move. Now rotate one comb relative to the other and notice how the pattern changes.  If you only have one comb, hold it at arm's length, about 1 inch (2.5 cm) from a mirror.  Look through the comb at its reflection in the mirror.  Notice how the moire pattern moves when you move the comb to the side or slowly tip one end away from the mirror. 

Look through two layers of window screen. Observe the moire patterns as you slide one layer from side to side across the other, or when you rotate one layer. You can also create interesting patterns by flexing one of the screens. 

What’s going on?

When two identical repetitive patterns of lines, circles, or arrays of dots are overlapped with imperfect alignment, the pattern of light and dark lines that we call a moire pattern appears. The moire pattern is not a pattern in the screens themselves, but rather a pattern in the image formed in your eye. In some places, black lines on the front screen hide the clear lines on the rear screen, creating a dark area. Where the black lines on the front screen align with black lines on the rear, the neighboring clear areas show through, leaving a light region. The patterns formed by the regions of dark and light are moire patterns. 

In the case of the two sets of concentric circular lines, the dark lines are like the nodal lines of a two-source interference pattern. A typical two-source interference pattern is created when light passes through two slits. Along lines known as nodal lines, the peaks of the light waves from one slit and the valleys of the light waves from the other slit overlap and cancel each other. No light is detected along a nodal line. 

In the black radiating lines of the moire pattern, the black lines of one moire pattern fill the transparent lines of the other. Note that as the patterns are moved apart, the dark, nodal lines move together. This is the same thing that happens when light passes through two slits and the slits are moved farther apart. 

Moire patterns magnify differences between two repetitive patterns. If two patterns are exactly lined up, then no moire pattern appears. The slightest misalignment of two patterns will create a large-scale, easily visible moire pattern. As the misalignment increases, the lines of the moire pattern will appear thinner and closer together. 

Color Blindness 

Materials

16 color blindness charts

•
Give the students the colored "29” square to help them understand how doctors detect if 



someone is color-blind.

Individuals are said to be color-blind when a single group of cone cells is missing from the retina.  The most common type of this form of color blindness is red-green color blindness, where the cones most receptive to both red light and green light are missing from the eye.  Thus, the individual cannot distinguish between red and green.  Color blindness of this kind is an inherited condition, with males affected much more frequently than females.  There are also individuals with all three cone types, and all three photo-pigments, but one of the photo-pigments differs from normal, thereby affecting color vision.  There are a number of other more rare conditions that affect color vision.

What causes red eyes in pictures?
Remember that the retina is the back part of the eye where the rods and cones are.  Light enters the pupil and hits the retina.  This retina has a red color, meaning it reflects red light.  (This is true of all colors, what you see is the color that is reflected.)  When you have your picture taken in a dark room, what size are your pupils?  (Large)  The flash on the camera lights you up long enough for the camera to take a picture but not long enough for your irises to contract.  (Remember from before, this took a measurable amount of time to happen, you could watch it, and cameras take a picture very quickly.)  The light from the flash therefore reflects back into the camera from the red retina, causing you to have a red eye.

Glowing Eyes
What causes a cat’s eyes to glow when a light you shine a light on them at night?  Some animals have a special structure behind the retina called a tapedum that acts like a mirror on the back of their eye.  When you shine light into the cat’s eye it reflects off the tapedum and you see a glow.  What animals have you seen this in?  (cats, dogs, cows, opossums, raccoons)  

Cats with blue eyes reflect red, with green eyes reflect blue, with yellow eyes reflect green.

Dogs reflect bluish green or yellowish green.

Deer reflect green

Raccoons and Opossums reflect yellow.

Do you have any idea why this might be helpful to an animal that needs to see at nighttime?  A little bit of light will be reflected all around inside the eye as if the entire eye were coated with a mirror on the inside.  That means that every ray of light goes through the retina twice.  The disadvantage is that the bounced light isn’t focused well and their vision isn’t as good
Student Handout 
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The parts of the eye include: 


Pupil:

The hole where light enters the eye (small black circle).



Iris: 

The muscle that controls the size of the pupil (and therefore how much light

 




enters the eye); this is the colored part of the eye.  The iris alters the diameter of the pupil to adjust for varying light conditions.



Cornea: 
The clear outer layer of the eye.



Lens: 

Clear tissue (behind the pupil) that focuses the light. If this and the cornea 






aren’t shaped quite right, you will need to wear glasses.



Retina: 
The back part of the eye where there are special cells called rods and cones that sense light and send signals to the brain via nerves.



Rods: 

Special cells that  are sensitive to light.  Rods detect if there is or is not light 




(black or white).



Cones:  
Special cells that are sensitive to colored light.  There are 3 types of cones,

 




those that respond to red, green, or blue light.  Cones require more light to work so they don’t function well at night - this is why you tend to see things in black and white at night.



Important:  Rods and cones are what really allow us to see.  They actually sense the light.  






Without them the light would just come in through the pupil and fall on tissue 




in the same way that light falls on any body tissue.  You can’t see with your 




skin!


Vitreous humor: clear jelly substance that holds the shape of the eye (i.e. the eyeball)


Many activities in this lesson were adapted from http://www.exploratorium.edu/snacks/
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