                 LETS JUST, LOOK, SEE, PONDER and most of all ENJOY
O-8
IMAGE LOCATION 


When you look at yourself in a mirror, what you see is called an image? Where is the image? What does the red 15-cm ruler say about image location?

When you move your finger along the ruler which is placed perpendicular to the mirror, the image of your finger moves towards or away from the mirror in an opposite direct that your finger moves. Noting the exact position of the image and the object to be the same, can not one say that the image is as far behind the mirror as the object is in front of the mirror?

O-9A
IMAGE LOCATION

Again you are asked, where is the image? If you remove the aluminum mask from the stand, you will see the image. Move the object towards and away from the mirror. What happens to the image?

This tends to emphasize which is the object and which is the image. You can move the object towards or away from the mirror and see the image move too.

O-9
OBJECT-IMAGE ORIENTATION


How is the image oriented relative to the object? Is it rotated 180o relative to the object? What does the three colored clothes pins say about image orientation?

Place the clothes pins so that one is pointed toward the mirror while the other two are parallel to the mirror. Next note the orientation of one of the clothes pin and that of its image. Two of the images will have the same orientation as the object. The image of the object clothespin pointed toward the mirror will also be pointed towards the mirror. Note, however, that the object's image is pointed in the opposite direction of the image.

O-9B
MIRROR MAZE

Can you determine which walls have mirrors and which walls do not. Then can you draw one continuous line that goes only once through each room?

This was taken from a Games Magazine special edition. I have not been able to secure a source for it. To solve the puzzle, one must have an understanding of image location for plane mirrors.

O-9C
MONEY BE GONE

Can you determine where the penny will go? Drop a penny into the slot and see.


If you look closely, you may see a slanted mirror. To better see how the box is constructed, turn the box over and carefully slide the side with the slot off the box. 

O-10 
WHERE IS THE IMAGE

What happens to the candle's image when the front candle is moved both towards and away from the plexiglas?

This is a spectacular demonstration. A ready source of scrap plexiglas may be the custodian of your building or the maintenance department of your system. You can use clay to hold it vertical. Motive candles work the best. Have the plexiglas wide enough that the students cannot see behind it. Let the students see you light the front candle. Then walk behind and place your finger over the back candle. Students will see your finger in the flame. 

O-10A
WHERE IS THE IMAGE
Can you find the location of the image by placing one rod in front of the glass-mirror and the other where the image is.


This should help you understand that the image is as far behind the reflecting surface as the object is in front of the reflecting surface. Further a line connecting the object and the image is perpendicular to the reflecting surface.

O-10B
PEPPERS GHOST  (not here)


Is the real candle burning in the bottle of water? Where is the candle?

Once you have seen the candle burning in the bottle of water, remove the top and examine the setup.

O-10C
ORIENTATION

Which way would you place the picture so that it is right side up? What clue(s) did you use to make your decision?

Pictures of this type are photographed when the water is perfectly still. A close inspection should reveal which part of the picture is sharp and which is somewhat fuzzy. As you travel, look for postcards that have such a scene.

O-10C
ORIENTATION – POST CARD

What clues tell you which way is right side up?


Pay particular attention to the clouds. Why are they not reflected?

O-11
ONE WAY MIRROR


I'm sure that all of you have heard of a one-way mirror. But is it really a one way mirror or is it a one-way mirror both ways? Hold the mirror close to your eyes and look through it. Turn it over and look through it again.

You should be able to, when you hold the half-silvered mirror up close to your eyes, be able to see through it no matter which side is towards your eyes. Thus the mirror is not "one-way". Conditions are such that you may or may not see through depending on the relative lighting on each side.

O-11A
BOX WITH ONE WAY MIRROR ON FRONT

Look at the box with the light inside turned off. How does the front surface behave? Next turn on the light. Now how does the front surface behave?

One can readily see that the relative lighting determines whether the 'half-surfaced' mirror behave as a reflective or a transmitting of light surface.

O-12A 
TWO MIRRORS WITH A HOLE IN ONE


What is the difference between one image and the one immediately in front or immediately in back of an image? Adjust the mirrors as you look so that they are parallel to each other. You will know this when the base as seen in the mirrors is straight.



One might find ones self in a barber or beauty shop which has mirrors on two walls opposite each other. The first image is an image of the object. Each succeeding image is the image of the image preceding it. Note that the color of the side of the image towards you alternates in color. 

O-12B
Infinity Mirror


How many images of the bulbs can you see?



The front mirror is ‘half-silvered’ while the back mirror is a normal mirror. Like O-12A the first image is an image of the object. Each succeeding image is the image of the image preceding it.

O-13 
INFLATION


How many pennies can you find? As you increase the angle between the two mirrors, pay close attention to the number of images. At what angles are there a whole number of pennies?

When the two mirrors are parallel, the angle between them is 180o and there is one penny. At 90o there is three, at 60o there is four etc.

O-14
CORNER CUBE


To see your face as others see it, place it close to the mirrors while looking into its center. Wink with one eye. Scratch your left ear with your right hand. Any difficulties? Then repeat looking only into one of the mirrors.

We know that in a plane mirror the image is not reversed. But something indeed appears to be happening. Thus seeing yourself in the mirror is not how others see you. If you like your hair parted on one side, others see it parted on the opposite side. If you like your hat tilted to one side, others see it tilted to the other. etc...

O-19
KALEIDOSCOPE


How is a kaleidoscope made? By looking closely, can you see that there are two mirrors separated by an angle of 60o? Also move the ring around the end to change the pattern.

The pattern seen is the result of multiple reflections. If you have trouble seeing the two mirrors, check the Octoscope.

O-19A
OCTOSCOPE


This is a kaleidoscope with a clear lens at the end. Here you can more clearly see the two mirrors. Look at various objects about the room.

The multiple reflections are of images of your surroundings. How many images do you see of the object?

O-19B
MARBLE KALEIDOSCOPE


Note that three mirrors are arranged to form an equilateral triangle. How many different images do you see?

You can create a kaleidoscope like this using three microscope slides mounted inside two black 35-mm film canisters. There should be plans at the back of your notebook. If not email: geepaw@wowway.com for plans.

O-19C
CARDBOARD PERISCOPE

Look around a corner using the periscope. Note the two mirrors and how they are mounted. Do the two mirrors need to be the same size? Reverse the periscope by looking into the other end. Anything change? 



The periscope has two mirrors so mounted that the double reflected image is right side up and appears right behind the bottom mirror. Check out the yellow periscope to see if the mirrors have to be the same size.

O-19D
YELLOW PERISCOPE


Use the periscope by looking into the small mirror. Note the size of the two mirrors. Reverse the periscope and look into the large mirror. Anything change?


The rays of light from the object strike the first, the second mirror, and travel to your eye. As the rays travel from the object to your eye, they are converging. Thus a smaller mirror is needed close to your eye.
O-19E
TWISTING PERISCOPE

Look around a corner using the periscope. Do you understand how it works? Next while looking through the periscope, rotate the top mirror 360o. Can you account for what you see?

When watching submarine movies have you noticed when an observer uses a periscope, did he stand one position and turn the periscope or did he walk around turning the periscope as they went?

O-20
FUN MIRROR


While looking at your image in the reflecting surface, bend the material. Can you make yourself look long and thin? Short and plump?

This flexible mirror material was obtained from Frey Scientific. I’ve told that you can get it at COSI in Columbus.

O-21
CONVEX MIRROR


Look at yourself in the small convex mirror. What does your image look like? Next look at an object behind you using the mirror? Is the image seen in the mirror appear closer, the same distance or further away than it really is?



This is the type of mirror on the passenger side of the car which says “objects in mirror are closer than they appear”.
O-23
CONCAVE MIRROR


Move toward the mirror from a distance of 10 feet until you face is a few inches from the mirror. Focus your attention on your image. What changes do you see taking place in the image as you approach the mirror? Is there a location where no image is seen?

When you first look into the mirror, the image should be upside down. It will remain so but get larger as you approach the mirror. Your image will not be seen in the mirror when you are at the focal point of the mirror.  As you move even closer to the mirror your image will be upright and increase in size.

O-23A
CONCAVE MIRROR, METAL
While looking into the concave side, rotate the mirror 90o. What happened? Then continue rotating the mirror 90o until it has rotated 360o. What is going on? Repeat while holding a finger or pencil to the side of your face.

When the band is in a vertical position, ones image is upside down. When held in a horizontal position one appears not to be reversed. But one should see a left to right change.

O-24
CAR HEADLIGHT



What is the shape of the reflector? Where are the light sources located?

The light source is located at the principle focus of the concave mirror. Thus light striking the mirror will go out in a circular beam. If this is true what causes the light to spread out in a horizontal direction. If you have not taken time to see this, drive up to a garage door or some other flat surface at night and see the pattern on the door.

O-25 
CHRISTMAS BULB


Can you account for all the images you see?

If I were to make this again, I would use silver colored Christmas bulbs rather than gold color. 

O-29
MIRAGE


Look at the ring in the opening. When you see it, touch it. How do you explain what is going on? Please do put your finger down into the mirror. Can the image of the ring be photographed?
The two mirrors have a focal length equal to the distance between the bottom and top mirror surface. This is necessary to have the image be where it is. If you would desire you could take a picture of the image with a camera.

O-29A
DISTORTED ROOM


(Make sure the light is turned on.) Are the girls the same size? How is the room constructed? To see, look into the top.

You can look down into the top of the box and see how it was constructed. If you would like a reduced model of the room, see Dick Heckathorn for one.

O-30
PARALLEL BLOCK


As you look through the block at your finger, rotate the block. What happens to the part of your finger seen through the block? Also look at other things. Finally place a coin under the block. Does its appearance change?

When you look through the block the direction of light is bent (refracted). If you have passed light through a parallel sided block, you know that the light exiting the block is parallel to the incoming light but shifted to the left or right. Thus the object seen through the block will be shifted but not distorted. The coin when seen under the block should appear closer and larger.

O-31
CALCITE CRYSTAL


Look at print through the crystal. What do you see? How do you explain?

If the piece of calcite is clear enough you should see two different images. Calcite has that rare property of allowing some of the light to pass through in one orientation and some in another. We could call this double refraction. 

O-31A
ULEXITE – T.V. STONE


Place the Ulexite on some printing. Where is the image of the printing?


The images is transmitted through the stone and appears on the surface of the stone. The stone is composed of parallel fibrous crystals that have the ability to transmit light. 

O-31B
MYSTERY ROD


Set the rod upright on some print. How do you think I do what I do?

The apparently solid glass cylinder is really made up of many small cylinders fused together. We say that there are many optical fibers in the cylinder. Thus light entering a single fiber at the bottom will go to the top through the fiber.  

O-32
REAPPEARING COIN

Place a coin in the empty dish. Look at the coin while lowering you head until the coin is just out of view. Pour in some water. What happened?

The light coming from the coin to your eye when leaving the water is refracted as it leaves the water. Thus you can see the coin when there is enough water in the dish. Also note that the coin appears higher in the dish, (above the bottom).

O-33 
SHIFTING COIN


Pour water into one of the beakers covering a coin. What happens to the coin as you pour water into the beaker?


The coin should appear closer and closer as the depth of water increases. This is do to the refraction of light as it travels from water into light.

O-33A
PENNY DROP


Can you drop the penny into the beaker by only looking only through the end of the tank? Do not touch coin to water before dropping it.

Did you believe the physics that an object as seen through a transparent substance appears closer than it really is and drop the coin further back than your eyes told you? Or did you believe your eyes and drop the coin in front of the beaker?

O-34
MYSTERY RODS


Look at the printing through rod A. Why are some words right side up and some upside down? Repeat with rod B and then with rod C.through the plexiglas cylinder. The explanation is .....

This is one demonstration that I wish not to give one an explanation. As a hint, may I suggest that one place a finger or thumb under the rod and move it from one end to the other while looking through the rod.

O-34A
CABLE CAR


How do you explain the change in how the car looks as you look into the block from various angles?

Refraction of light through the many different surfaces will alter what you see.

O-35
IMMERSION OIL


Remove the cap from the glass bottle. What appeared? Replace the cap while looking at the glass rod. Where did it go?

The index of refraction of the glass rod and the immersion oil used with microscopes are the same. Thus there is no refraction of light as it passes from the oil into the glass rod with no image of the rod visible.

O-38
DISAPPEARING COIN


Place the coin under the empty beaker. While looking at the coin through the side of the beaker, pour in some water. Where did the coin go?

Light when going from water out into the air is bending further from the normal. If the path of light in water exceeds a certain angle, called the critical angle, it will be reflected internally. This is called total internal reflection. The light that exited from the beaker towards your eye when there was no water in the beaker, is internally reflected and not seen. Look at the top of the water. You will see a reflected image from the opposite surface.

O-38A
PAPER WEIGHT


While look into the opening of the paper weight, count the number of white dots that you see. How many are there?

Light from the dot is reflect off the outside surface of the glass and then passes up through the top to your eye. If you cover the left side of the paper weight while looking down on the top, you will see a dimming on the right side. This indicated that light entering through one side is reflect back up through the opposite side. This is how a diamond reflects light that enters it back through the top.

O-38B
14-Caret Zirconium Ring ($14.00)


Look into the ring. Rotate the ring.What do you see? Is is best done under incandescent light. 

Do you see the sparkle due to the light entering it being reflected back through the top. In addition if you move the ring slightly under an incandescent bulb, you will see colors red, green and blue. This is due to the fact that different colors have slightly different index of refraction and thus take slightly different paths when they exit the ring.

O-39
RAISING THE PRICE


Both mugs should be filled with a different color liquid. Do the mugs appear full? Are they? Place the mugs filled with water into the container with water in it. Now, do the mugs appear full? 


Light from the edge of the liquid in the mug is refracted when it exits from glass into air (surfaces are round). When in water the light, as it passes from glass into water is refracted very little. And as it passes from water into plexiglas and then into air is also refracted very little.

O-40A
FIBER OPTIC PLASHLIGHT


Turn on the light. What do you observe? 


The light when entering the small glass tubes reflects off the sides as it is striking the glass at an angle greater than the critical angle. Thus total internal reflection occurs.

O-40B
FIBER OPTIC CLOCK    (not here)  maybe apparatus upstairs

Observe the effect similar to O-40A.

O-43
PLASTIC LENS


Examine the plastic lenses some of which have not been ground and some which have.

This gives one an idea of how a glass lens is made.

O-43A
ETCHED LENES


This is what a chemical (acetone) will do to an uncoated lens.

If you work around chemicals that can affect the plastic of which you lens was made, it is worth the additional cost to have a coating put on the lens to prevent the chemical from affecting the lens.

O-44
EYE GLASS LENS

Look through various lenses at close and distanct objects. Rotate the lenses. Examine the surface using your fingers. Are the lenses thicker or thinner in the center?


Hold a lens close to a white screen with the light from an overhead projector passing through the lens. Showly move the lens away from the screen. The light will either diverge (farsightedness) or converge (nearsightedness). Some lenses (cyrindical in shape) will cause the light to focus to a line (astigmation).
O-44A
EYE GLASS LENS - OPTOMETRIST SET

Look through various lenses at both near and far objects. Also rotate the lens as you look through it. Look at the shape of the lens. Also feel its shape.

These are lenses that were obtained from a optometrist. This provides one with the opportunity to feel the lens to determine the shape. As you feel the lens can you tell when the lens is thicker in the center or thicker at the outside?

O-44B
CAR HEADLIGHT LENS - Refraction

Feel my surface being careful not to push too hard on the silicon sealant and cut yourself on rough edges. Next shine a flashlight through it.

The shape of the glass bends the light in such a manner that it spreads out in a horizontal direction. If some were bent upward, one could see things in trees overhanging the road, but would leave less light to see near ground level.

O-45
FISH EYE LENS


How many images do you see? Would you like to have an eye like this?

The lens is not smooth but is made up of many flat sections. Each one bends, refracts, light differently and thus has its own image. I have heard that it is like a fish eye lens and also that it is not.

O-45A
SPECIAL LENSES (RED AND BLUE)
Look  through the lenes. Examine the shapes. Why do they behave as they do?

These two cylinders have surfaces with different shapes. Note the shape and the pattern produced.

O-45B
LASER LENS


Look at light through the lens. What color is the light? Next look at light reflecting of the surface of the lens. What color is it? How do you account for the colors seen. Remember that the helium-neon laser light is red.

Laser light has a specific color, and associated wavelength. Thus the reflected coating has the property to reflect the red part of the spectrum but allow the color at the other end of the visible spectrum, blue, to be transmitted through it.

O-45C
MARBLE IN SHOT GLASS


Look into the glass with no water in it. What do you see? Next pour water into the glass. Now what do you see?

The marble acts like a double convex lens. Thus light is bent passing through the marble. The image that results is close to the marble. To see it, place your eye very close to the shot glass. When one pours water into the glass, there is less bending of the light as it passes from glass to water. The result is that the image is formed further above the shot glass in a region where you eye is located. Thus you are able to see it.

O-45D
MONEY SHRINKING


Put a penny into the bank. Why does it change shape? What type of lens would produce such an effect?


The lens effect is like that of a double concave lens where the image is always upright and smaller. In this case it is a fresnel lens.

O-46
FRESNEL LENS


Look at objects through this lens. There is one like it in an overhead projector.

A fresnel lens is just the outside surface of a lens with the center removed. Its behavior is thus like a lens without a large amount of material normally in the center of a lens. The lens was sandwiched between two pieces of plastic to keep fingers from scratching or destroying the lens. 

O-46A 
MULTI-FRESNEL LENS


Look at objects through the lens(s). How many images do you see? Are the images larger or smaller than the object?

The fresnel lenses are concave lenses. Note that the image is always upright and smaller. This lens is also encased in plexiglas. This was obtained from Edmond Scientific.

O-46B
FRESNEL MIRROR


Is this really a mirror? Is it flat? or is there something else here?

This mirror was removed from a special type of overhead projector. There is a mirror under the lens. The lens affects the light both entering and after reflecting from the mirror surface.

O-47
EYE SCOPE


Turn on the light. Hold it very close to your eye. What do you see?


You are seen into your eye.

O-48
FILM CAN WITH HOLES


What does the triangle do when you look through first one end and then the other?

When looking through the single hole at the three openings in the other end, these holes are beyond the focal point of the lens of the eye and thus a real, inverted image is seen. If you have the three hole end closest to your eye, these holes are inside the focal length of the eye. Thus the image is virtual and upright. This I must admit is a simple explanation to a rather complicated happening.

O-48A
FILM CAN WITH PIN


Can you view the pin head, first looking through one end and then the other?

This is somewhat like O-47A and too is far beyond the understanding of a high school student.

O-57
POCKET WATCH HOLOGRAM


What happens as you move you head from left to right as you look at the hologram?

O-57A
CABLE CAR HOLOGRAM


What happens as you move you head from left to right as you look at the hologram?

O-57B
TIGER HOLOGRAM


What happens as you move you head from left to right as you look at the hologram?

O-60
HOLOSCOPE


What colors do you see when you look through one end?

This effect of color separation is caused by a diffraction grating. There is also reflecting surfaces on the sides.

O-62
RAINBOW GLASSES

What do you see when you look at an incandescent light bulb?

Etching on the glasses gives rise to what you see.

O-62A
RAINBOW DISK


What colors do you get when you spin it?

Etching on the glasses gives rise to what you see.

O-62B
IRIDESCENT CARDS
O-68
DIMENSION DISK

