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Materials
8 tubes with slit at one end 
4 Pre-made Thaumatrope toys (colored)

30 Thaumatrope toys
30 Thaumatrope instruction sheets
15 Round paper tubes

15 Sheets of white paper
15 Oval tubes
1   Plastic model of the eye
30 Eye handouts
I. Introduction












Materials


1
Plastic model of the eye

30
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 LOSE 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.  Persistence of Vision

Background:
The following two activities demonstrate a phenomena called Persistence of Vision. You “see” because light is reflected from an object onto the retina of your eye.  The light reacts with chemicals in the retina and causes them to form new compounds that trigger a message to the brain, allowing you to “see” the object.  The new compounds made in this process linger briefly - about 1/15 of a second.  As a result, your brain continues to think it sees the object for 1/15 second after it is removed.  Because the image of the object seems to persist, the phenomenon is called persistence of vision.  

Persistence of vision accounts for our failure to notice that a picture screen is dark about half the time, and that a television image is just one bright, fast, little dot sweeping the screen.  Motion pictures show one new frame every 1/24th of a second.  Each frame is shown three times during this period.  The eye retains the image of each frame long enough to give us the illusion of smooth motion. 

· Slit Camera

Materials

8 tubes with slit at one end 

The eye can hold onto an image long enough to piece together bits of information into a big picture.
· Pass out one tube to each group.

· Have students: Close one eye. Put the other eye to the open end of the tube.  Cup your hand around the tube to make a cushion between the tube and your eye.  Hold the tube so that the slit is vertical.

· When the slit is stationary you can’t see much.  Keep your head and body still and sweep the far end of the tube back and forth slowly while you look through it.  Increase the scanning speed and compare the views.  Notice that when you sweep the tube quickly from side to side, you can obtain a rather clear view of your surroundings.

What’s going on?
When you look through a narrow slit, you can see only a thin strip of the world around you.  But if you move the slit around rapidly, your eye and brain combine these thin strips to make a single complete picture.  As you swing the tube from side to side, the eye is presented with a succession of narrow, slit-shaped images.  When you move the tube fast enough, your brain retains the images long enough to build up a complete image of your surroundings. 

II.  Hole in Your Hand and Overlapping Spots

Materials

15 Round paper tubes

15 Sheets of white paper

15 Oval tubes

The brain combines the information it gets from both eyes.
A.  Hole in Your Hand

· Give each student a  round paper tube and a sheet of white paper.
Each student should:
· Close the right eye.

· Hold the round tube up to the open left eye.

· Place the edge of your right hand, about 2/3rds down the tube, open palm towards your face.

· Open your right eye.  You should see a "hole” right through your hand.

· Try it again, this time closing the left eye and putting the tube up to your closed, right eye.  Do you see the hole again?  You should.

What’s going on?
One eye sees a hole, the other sees a hand. Your eyes and brain add the two images together, creating a hand with a hole in it! 

B.  Overlapping Spots


Students need to get into pairs

· One partner should look through both tubes while the other holds up a sheet of white paper.
· Put the tubes up to both eyes and look through them like binoculars at the white sheet of paper.  Hold the tubes far enough apart so that you see two separate circles.

· First close one eye, and then open it and close the other. Does the brightness of the spot appear the same for each eye?  (Yes)

· Move the tubes to overlap the two spots. Notice that there is a brighter area where the two spots overlap. 

· Overlap the spots completely. Does the combined spot look brighter than either spot alone?  (Yes)

· Find out by closing one eye. 

What's going on?                           

When you partly overlap the two spots, your open eye and brain conclude that the sum of the two spots of light should be brighter than one spot alone. If the spots overlap completely, the brain seems to ignore one of them. 

C.  Circles or Ovals

Materials

15 Round tubes

15 Oval tubes (students will need to “squish” these into ovals)

15 Pieces of white paper
You have a dominant eye just like you have a dominant hand (the dominant hand is usually the hand you write, throw, and eat with).

· Hold one of the round tubes up to one eye and the oval one up to the other eye.  Look through the tubes at the white screen, wall, or paper.  Overlap the spots.  Do you see the circle of the oval?

· Switch the round and oval tubes and repeat.  If you saw only the circle before, you may see the oval now.
What’s going on?
Your eyes and brain have trouble merging the different shapes.  Most people have a dominant eye.  The brain will choose to see the image that is coming from the dominant eye just like you prefer to write with your dominant hand.  Some people do not have a dominant eye, and therefore see the two shapes overlapped.  The best baseball hitters do not have a dominant eye.

III.  Thaumatrope

Materials:

4 Pre-made Thaumatrope toys (colored)

30 Thaumatrope toys
30 Thaumatrope instruction sheets
When an image sticks around (persists) you can fool your brain into blending two pictures.


Allow students to:

· Select one of the Thaumatrope (THAW muh trope) toys.  Examine it.  

· Grasp its rubber bands between the thumb and forefinger of each hand, about 1/4 inch away from the edge of the circle.  Roll the rubber bands back and forth quickly so the disk spins over and over.  

· Watch the image.  What do you see?

· Select a different Thaumatrope.  This time predict what you will see before you spin it. 

· Then spin it and see if your prediction was correct.

What’s going on?
When you spun the disk, it twirled past your eye so quickly that the image on one side persisted into the time the image of the second side appeared.  Your brain perceived this motion as a blending of the images.  This is the same process that we saw with the slit camera and also that occurs when we watch movies, flip through flip books, or watch television.

To do at home:
Take a Thaumatrope instruction sheet and make your own Thaumatrope at home!  Try drawing your own designs.  Be sure to glue one half upside down!

IV. OPTICAL ILLUSIONS
What you see is not always what you get.  We learn to perceive- or understand- what we’re looking at.  Sometimes our brains cause optical illusions in both of these ways.  TV is probably the most frequently observed optical illusion.  Television is really lots of still pictures that are shown to us very quickly.  Our brain puts the images together because it has learned to expect the movement.

Optical illusions work because our past experience helps us most  of the time.  For example, we know that an object in the distance looks smaller than the same object when it is closer.  We make use of this experience by giving a simple two-dimensional picture the appearance of three dimensions by merely drawing the "distant” objects smaller.
•
Hand out Optical Illusion sheets  - 1 per student. Have students look at the illusions.  


Students may take home these sheets if they wish.
Many activities in this lesson were adapted from http://www.exploratorium.edu/snacks
Thaumatrope Instruction Sheet

Materials:

Thaumatrope pattern (below)

Cardboard or heavy paper

Crayons, colored pencils, or markers

Scissors

Single-hole punch or sharp pencil

2 Rubber bands

Glue or tape

Use the pattern below to draw pictures for your Thaumatrope.  You may want to trace or Xerox some copies first.  Remember the images are going to blend together.

After you have drawn your shapes, cut out the pattern.  Trace the pattern onto some cardboard or heavy paper and cut out again.  You should now have 3 squares, one cardboard and 2 paper (your drawings).

Glue or tape the drawings onto the cardboard.  Remember to make sure one picture is upside down and that they are both lined up!

Use a hole punch or sharp pencil to create holes where they are marked on the pattern.  This is slightly different than the Thaumatrope you made earlier because the holes go through the paper “picture” squares.

Stick one end of a rubber band through a hole and feed it back through the opposite loop.  The result will be like attaching a luggage tag.  Attach another rubber band to the other side of the cardboard disk.

Have fun spinning your Thaumatrope!
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Which circle is bigger?
Are the edges of the square straight?
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Now measure them. Which is bigger?
Place a ruler along the edges. Are they straight?


How many legs does the elephant have?
How many prongs does the trident have?
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Are you sure?
Are you sure?


Do you see a vase or 2 faces looking at 
Do you see a face or a man playing

each other?
the saxophone?
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