Lesson I

IDEA 1: A MIRROR REVERSES EVERYTHING.
II A 1 How Do Things Appear in a Mirror?


1.
Show setup and materials needed to do the investigation.

       

need diagrams and a mirror with holder



a.
4 letters of name



b.
3 letters that will look the same.



c.
a design or picture.



d. 
arrow on mirror

Might use picture(s) from game magazine that shows objects in a mirror and asks what things are not correct.

II A 2 D Does a Mirror Really Reverse Letters?


1.
Demo:


a. 
Show acetate sheet with word "MIRROR" on it.

  

b. 
Hold in front of mirror.

            
c.
Reverse acetate sheet.



d.
Repeat with white sheet with "MIRROR" on it. - mirror did no reversal, we did


2. 
Demo: Stand in front of large mirror with right hand up.  Discuss what the person's image looks like.  If cameras will not work, then do it with stick figures on paper?


3. 
Demo: Use 3-colored clothes pins to show that the left <--> right, up <--> down do not change but the in <--> out does change.

REALITY 1: THERE IS NO REVERSAL IN A MIRROR!
Materials Needed


4 x 15 cm mirror


wood block holder


12 x 12 inch mirror


acetate with "MIRROR"


paper with "MIRROR"


picture from GAME MAGAZINE

Source of materials.


1.
12" x 12" mirror tile from K-Mart etc.


2.
plastic mirrors from mirror and glass business.

Lesson 2

IDEA 2: 
AN OBSERVER CAN SEE MORE OF HIS OR HER MIRROR IMAGE BY MOVING FURTHER BACK FROM THE MIRROR.

A.
IIB2 How Much of Yourself Can You See In a Mirror?


1.
How much of yourself can you see with a specific mirror?  (Use 4 x 15 cm mirror?)



2.
What movements will you make to see more of self?



3.
Do it.


4.
If done as a demo, do not let student see image of person in mirror.



a.
Question?  Is what I see the same as what students would see?



b.
Question?  If I walk back, Will I see more of myself?  Students will think mirror is like seeing and thus the object will get smaller as I move away.



c.
Mirror must be vertical or the observations will not be correct

Extension 1.
What is the relationship between size of mirror and amount of self seen?

Demo:
Hold ruler by eye in up-down position and see how much of it one can see with a known size mirror. (Use 4 x 15 cm mirror)

Extension 2.
What is maximum height of mirror needed to see self?


Extension 3.
Is there anyway to see more of self in a fixed size mirror?






Yes, by tilting mirror.

Homework: 
Wipe steam off mirror to see face in mirror when close to mirror. How big will the region be? Then move away. What will you now see of yourself?

REALITY 2:
THE AMOUNT OF YOURSELF THAT YOU CAN SEE IN THE MIRROR IS INDEPENDENT OF YOUR DISTANCE FROM THE MIRROR.

Materials Needed

4 x 15 cm mirror

masking tape

ruler

Article by Fred Goldberg.

Lesson 3

IDEA 3:
THE MIRROR IMAGE OF AN OBJECT IS LOCATED ON THE SURFACE OF THE MIRROR.  THE IMAGE IS OFTEN THOUGHT OF AS A PICTURE ON A FLAT SURFACE.
When one looks into a mirror and sees an image, where is it?



- Collect written answers

II B 3 Where is  the mirror image?


l.
Demo: 
What happens to image when you walk towards or away from the mirror?


2. 
Demo: 
Use red ruler perpendicular to the mirror.


3.
Demo: 
Or let your fingers do the walking instead.


4.
Demo: 
Align post behind mirror with what is seen in the mirror.





Question?  How does one's  eyes locate a point?





Binocular disparity


5.
Demo:
Hold finger in front of eye (far away).  Focus on the finger as it is brought near you eyes.






What sensation do you feel as you do this?






The eye-brain system is localizing the image behind the mirror.


6.
Demo:
Two candles, one in front of piece of plexiglas and one behind.  The front one is lighted.



a.  Question?  Where do your eyes focus when looking in image of mirror?


7.
Demo:
Object - 
Image sign in mirror.  Use Video camera to focus first on object, mirror surface and then image.  One should be clear and the other two fuzzy.


Possible Demo: 
Have people look at image from different directions and use strings to show that all string cross at image.

REALITY 3:
THE IMAGE OF AN OBJECT SEEN IN A PLANE MIRROR IS LOCATED AS FAR BEHIND THE MIRROR AS THE OBJECT IS IN FRONT OF THE MIRROR, FURTHER, A LINE DRAWN FROM AN OBJECT POINT TO ITS IMAGE POINT IS PERPENDICULAR TO THE MIRROR SURFACE.

Materials Needed

squares of paper

mirror-glass frame + holders and supports

moveable candles frame + plexiglas

object-image sign + 6 x 12" mirror

Lesson 4

IDEA 4a:
THE WAY A MIRROR WORKS IS AS FOLLOWS: THE IMAGE FIRST GOES FROM THE OBJECT TO THE MIRROR SURFACE, THEN THE OBSERVER EITHER SEES THE IMAGE ON THE MIRROR SURFACE OR THE IMAGE REFLECTS OFF THE MIRROR AND GOES INTO THE OBSERVER'S EYE.
IDEA 4b.
LIGHT REFLECTS FROM A SHINY SURFACE IN AN ARBITRARY MANNER.

l.
Question:
How Does Light Reflect From a Mirror Surface?


2.
Question:
What happens between yourself and the mirror so that you can see your image?


3.
Investigation:
Use 3 separate incident rays.



1.
Show or draw incoming ray.




2.
Show reflected ray.




3.
Draw normal ray.



4. 
Measure angle i and angle r. 



5. 
Given 3 incident rays, draw reflected rays.  Where do reflected rays appear to come from? (IIC1p3)

REALITY 4: 
WHEN LIGHT REFLECTS FROM A MIRROR, THE ANGLE OF INCIDENCE EQUALS THE ANGLE OF REFLECTION, (THIS IS THE LAW OF REFLECTION.

Background:
To see an object, light oust travel from that object to your eye.  If the object is self-illuminated then the light must first travel from light source to the object and then reflect diffusely off the object and travel to and into the eye,

Have learned:
Where the image is located..






How light reflects from a plant surface.






The image is behind the mirror because the law of reflection predicts it.

Now can we make predictions about reflected light?

1.
Discussion: Predictions using what we have learned.


a.
Discuss Drawing (IlD2)


b.
Given mirror and object location, find boundary lines of seeing-, not seeing object. (2DIF p3)

Materials Needed

mirror

light ray source

paper

Delta light box

Carolina light box

ruler

protractor

small light bulb + holder (2)
Lesson 5

IDEA 5:
LIGHT IS REFLECTED FROM SMOOTH MIRROR SURFACES BUT NOT FROM NON-SHINY SURFACES
II C 2 How Does Light Reflect From a Non-Shiny Surface?


1.
Reflect light ray from mirror to white card.


2.
Replace mirror with crumpled piece of aluminum foil and repeat.


3. 
Replace crumpled piece of aluminum foil with another white card and repeat.

Light does reflect from a non-shiny surface,

Question?  What find of paper do you want for a book or magazine?  Shiny,, or rough?

Question?  What does recycled paper look like?  Is if shiny or rough?

Overhead.: II C 4 Regular and Diffuse Reflection

REALITY 5: 
LIGHT IS REFLECTED FROM BOTH SHINY AND NON-SHINY SURFACES.

Lesson 6

IDEA 6: CURVED MIRRORS MAKE EVERYTHING DISTORTED.
II E 1 
What Do Curved Mirrors Do?

Demo:
Compare image seen from convex side of spoon to image seen in plane mirror.  Move spoon towards and away from self.

Demo: 
Repeat using concave side of mirror. (This is with camera using large concave and convex mirror.)

Demo:
Hold pencil between convex (and then concave) mirror and eye.  Move pencil in and out. (Try this with moving camera in and out.)

Extension: 
Look around you as you go about your daily activities.  Where do you see convene: and concave surfaces?

REALITY 6: 
CURVED MIRRORS GIVE CLEAR IMAGES.  THE IMAGES CAN BE LARGER.. SMALLER RIGHT-SIDE- OR UP-SIDE-DOWN,

Lesson 7

IDEA 7: 
THE EFFECTS OF LIGHT ARE INSTANTANEOUS.  LIGHT DOES NOT TRAVEL WITH A FINITE SPEED,

Flip light switch on.  How long does it take light to get to your eyes?  We say immediately,. yet is    not immediate.

Use analogy of the fact that it takes time for sound to get from one place to another.  Use seeing a drummer in the band hit the drum and when you hear it,

Light is like sound but it travels much faster.  Sound is 0.21 mile/sec.  Light is 186,000 miles/sec.

Demo:
With lights off,, say go. Then 8.3 minutes later turn lights on.  Before the Demo:, have students write down what time they think. it will take.  Collect the papers and place  in order from shortest to Iongest time.  Have all students stand up. Have them sit down when their time passes.

How long does it take light to travel from the moon to the earth?  I.3 seconds.

How long does it take light to travel from the Sun to the earth?  8.3 minutes.

REALITY 7:  LIGHT DOES TRAVEL WITH FINITE SPEED EVEN THOUGH IT IS VERY FAST.

Lesson 8

IDEA 8:
LIGHT SHINES ON A TRANSPARENT MATERIAL AND ILLUMINATES II- SO THAT IT CAN BE SEEN, LIGHT DOES NOT TRAVEL FROM THE MATERIAL.  TO THE EYE,
III A I D What is the Difference Between Transparent, Translucent, and Opaque Objects?,

Demo:
Look at lamp through a clear glass plate.


Discuss how light gets form lamp to your eyes.

Demo:
Look at lamp through a frosted piece of glass.



Discuss how light gets from lamp to your eyes,

Demo:
Look, at lamp with opaque object between it and your eye.

III A 2 Overhead: Transparent, Translucent.., and Opaque Materials (On paper)

REALITY 8: 
LIGHT CAN TRAVEL THROUGH SOME MATERIALS AS IT TRAVELS FROM THE ILLUMINATED OBJECT OR LIGHT SOURCE TO YOUR EYE,
Lesson 9

IDEA 9:
LIGHT ALWAYS PASSES THROUGH A TRANSPARENT MATERIAL WITHOUT CHANGING DIRECTIONS.
III B I   How Does Light Change Direction'

Investigation 1: 
Do activity A on page 5. If not able to do it with light, explain it with a ray diagram.

Investigation 2- 
Do, Activity B on page 5.

Investigation 3: 
Ask where ray would go in C? Then show what would happen.

Investigation 4: 
Repeat with triangular shape glass or plastic.

This activity can be open ended.

III B 2 F 
Describe how to draw ray diagrams to show how light behaves when traveling between air and some transparent material.

1.
Show incoming ray (in air). normal and dotted non-bending of ray (in material) as reference.

2.
Which way will the ray bend?  Observation says toward the normal..

3.
What will happen if incoming ray is further from the normal Observation says is will bend a greater amount (still toward tire normal).

4.
What will happen when the ray goes from the material into the light?  Try it and see. The ray in the air bends away from the material.  As the incoming ray (in the (material) is moved further from the normal, the ray (in the air) bends even more until...

REALITY 9: 
LIGHT DOES CHANGE DIRECTION WHEN IT GOES FROM ONE MEDIUM TO ANOTHER.  WE CALL THIS REFRACTION.

Lesson 10

IDEA 10: 
WHEN AN OBJECT IS VIEWED THROUGH A TRANSPARENT SOLID OR LIQUID MATERIAL, THE OBJECT IS SEEN EXACTLY WHERE IT IS LOCATED

III C I
How Are Objects Appear When Seen Through a Transparent Material?                -

Investigation: 
Penny in cup or evaporating dish.  Place eye so just cannot see coin.  Pour in water.  What happens?

Draw ray diagram of what happens.

Investigation: 
1.  Coin in clear plastic container.  Use straw to view.  Pour in water.



2.  Move straw into water.  View from side of container.



3.
Drawing  III C 2 The Appearing Coin




4.  Look  at straw in water from above.



5.
Drawing III C 2 The Distorted Straw



6.
Look at pencil behind clear parallel sided plastic block.


7. Two beakers with coin under both with water in one.  Look at coins -From above?

Evaluation activity.  Penny drop into bearer (in water filled tank) while looking at beaker through end of tank.

Note that the brain does not recognize that the light ray has bent and thus see object along line o+ sight in air.


Demo: Round balls in round glass aquarium containers.

III C 3
Where Do you aim to spear the Fish?


Investigation: Spear Penny with straw in plexiglas tank.  A review.

III C 4
Drawing  Where Do You Aim?


Extension: Water on the road???  Drawing III D I F "Water on the Road" Mirage


Demos:  Laser light through sugar water.??? Can it be seen?

REALITY 10: WHEN LOOKING AT AN OBJECT THROUGH A TRANSPARENT MATERIAL.  THE OBJECT WILL EITHER LOOK DISTORTED OR WILL BE SEEN AT A DIFFERENT PLACE THAN IT ACTUALLY IS.  This is because of the refraction of light,
Lesson 11
 IDEA 11:    
IV C 1 F

IV D I F

IV D 3 F

IV E 1 

IV E 2 F

REALITY 11:

Lesson 12

IDEA 12: 
THE PURPOSE OF THE SCREEN IS TO CAPTURE THE IMAGE SO IT CAN BE SEEN.  THE SCREEN IS NECESSARY FOR THE IMAGE TO B-E SEEN.- WITHOUT A SCREEN THERE' IS NO IMAGE.
IV B 4 D
Is the Screen Necessary?

Investigation: Set up object box, lens and screen with image on translucent screen,

Question?  If you were to remove the screen, would there still be an image?

REALITY 12: THE SCREEN ONLY HELPS US TO SEE THE IMAGE.
Lesson 13

IV A I  
What Are The Different Types of Lenses?

Investigation 1: 
Handle both lenses.  Feel. surfaces and look through them.

Investigation 2: 
Let light from overhead light or from window pass through lens onto piece of white paper.

Investigation 3:  Place concave lens on page with writing.  Look at writing as you lift the lens from the paper.

Investigation 4: 
Repeat #3 using concave lens.

Summary with drawings? - Rays of light going through both a concave and a convex lens.

Investigation 5: 
Hole in cardboard just smaller than a double convex lens.  Put lens by hole and look  through it.
IV A 2 Drawing     A   Diverging Lens Decreases the Field a+ View

IV A 2  Drawing Types of Lenses (use as summary)

Lesson 14

IDEA 14a: 
BLOCKING PART OF THE LENS SURFACE WOULD BLOCK THE CORRESPONDING PART OF THE IMAGE.

IDEA 14b: 
AN IMAGE PRODUCED BY A LENS CAN BE SEEN ON A SCREEN LOCATED IN ANY POSITION.

IDEA 14C: 
MOVING A SCREEN FURTHER AWAY FROM THE LENS WILL CAUSE THE IMAGE TO BE LARGER.
IV B I D

REALITY 14a: BLOCKING PART OF THE LENS ONLY MAKES THE IMAGE DIMMER.
REALITY' 14b:
FOR AN IMAGE TO BE SEEN ON THE SCREEN, THE SCREEN MUST BE PLACED AT A SPECIFIC PLACE.

REALITY 14c:
MOVING THE SCREEN FURTHER AWAY DOES NOT MAKE FOR A LARGER, CLEAR IMAGE ON THE SCREEN.
Lesson 15

IDEA 15.  THE IMAGE IS ALWAYS FORMED AT THE FOCAL POINT OF THE LENS.
IV B 2 How Does a Slide Projector Work?

REALITY 15: 
FOR A GIVEN DISTANCE BETWEEN THE OBJECT AND THE LENS., THERE IS A SINGLE (IMAGE POSITION FOR THE SCREEN WHERE THE IMAGE IS THE SHARPEST, MOVING THE SCREEN FROM THAT POINT WILL CAUSE THE IMAGE TO FIRST BLUR AND THEN VANISH.

