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Color and Vision

Introduction

WORKSHOP LEADER'S TOPIC INFORMATION

INTRODUCTION TO COLOR AND VISION

This book provides a series of lab activities, demonstrations and "Focus on Physics" discussions that should help teachers (and their students) to develop a good understanding of phenomena involving visual perception and color. The background required for most of the activities is minimal. For example, it would be helpful for students to realize that for them to "see" an object, light must travel from the object to their eyes. That idea has been discussed extensively in the OPERATION PHYSICS Behavior of Light book. Beyond this, the Color and Vision book is mostly self‑contained in that the student background required to carry out later activities can be satisfied by working through earlier parts of this book.

This book is divided into the following six sections:

1. 
The Physiology Of the Eye

2. 
Perception

3. 
The Spectrum Of Light

4. 
Mixing Colors by Addition

5. 
Mixing Colors By Subtraction

6. 
Color Perception

The Workshop Leader's Planning Guide for each of the six sections gives detailed information about the essential ideas and activities covered in the section. The first two sections can be covered independently of the rest. Sections III, IV and V can be covered without previous study of the first two sections. Section III is a prerequisite for the remaining three sections. Section VI is best covered only after the previous five sections have been covered.

Throughout this book, we will use the word "students" to refer both to the 4th through 9th  grade teachers using these materials in an OPERATION PHYSICS workshop, and to their own pupils. We assume that both groups will come into the learning situation with very little prior formal education in color and vision.

Despite having little prior formal education in the physics of light, however, students will come into the new learning situation with some preconceptions or "naive" ideas about the phenomena to be studied. The use of the term "naive" is not meant to be negative. The naive ideas are often based on the students' interpretations of their own prior experiences. Because these ideas often evolve in an uncritical and unstructured environment, they usually differ from the scientifically‑accepted ideas.

There are a number of reasons why it is important that you be aware of the students' naive ideas and incorporate them into the learning activities. Research studies have pointed out the persistence of some naive ideas; students often retain them even after extensive classroom instruction. Certainly one of the reasons why naive ideas may be so persistent is that they are rooted in the students' own personal experience. Students feel comfortable with them and may be reluctant to give them up. As a consequence, you may find that when students are asked to think about some particular real‑world phenomena, they may draw on their naive knowledge, as well as their formal knowledge to answer. Predictions based or naive knowledge, of course, may be quite different from those based on the formal knowledge. However, students don't always recognize or become concerned with the inconsistency.

Current views of learning suggest that a student needs to construct his or her own understanding of new ideas. To construct a good understanding of new ideas, the student needs to connect these new ideas to his or her prior knowledge.

As implied above, however, to convince students to change their naive ideas may present quite an instructional challenge. Teaching strategies that are aimed at facilitating conceptual change are based on the premise that conceptual change can be a long and slow process. One of the first steps in this process is to help students become 

aware of their own existing naive ideas, as well as those of others. Students should feel that they can express and 

openly discuss their initial ideas without the ideas being "put down" or ridiculed. The students then need to be exposed to discrepant events, or other forms of evidence, aimed at encouraging them to recognize that their own naive ideas may not be very fruitful. 'Me formal scientific ideas can then be introduced (either by the instructor or by a suggestion from the students) as a way to make sense of some laboratory or demonstration activity that cannot be explained in terms of the 
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students' naive ideas. (The first and last chapters of the book, Children's Ideas In Science, cited in the reference section, provides an excellent discussion of the rationale for taking students' naive ideas into account in teaching, and for appropriate strategies for doing so).

The instructional strategy followed in Color and Vision:, and in many of the other OPERATION PHYSICS books, involves the following steps: (1) elicit student's naive ideas; (2) provide appropriate observational experiences (including discrepant events); (3) engage students in discussions and provide appropriate reading material.

The students' naive ideas are elicited during the initial parts of demonstration/discussions or laboratory activities. In either case, opportunities are provided for the students to write down their ideas and then to share them with either their lab partners or with the entire class. When the instructor elicits the students' ideas, no judgment is made regarding their scientific accuracy. This strategy of eliciting ideas is important because it makes students aware of their own ideas and also shows them that there are alternative views.

Many of the observations the students make during the demonstrations and laboratory activities become direct tests of their predictions which they had based on their naive ideas. These observations should lead students to recognize a discrepancy in their own naive ideas, which should lay the groundwork for acceptance of new ideas. The activities and demonstrations then provide the appropriate experiences to help students develop an understanding of the main scientific ideas and become convinced of their utility (as compared with their previously held naive ideas).

In the summary discussion that follows each activity, the instructor should refer to the students' naive ideas and also suggest the formal scientific ideas as a new way of thinking about the phenomena observed. The "Focus on Physics" sections provide the essential reading material that discusses the formal ideas and connects these new ideas to the students' prior observations. Students should be encouraged to read and think about this material carefully at home.

Fortunately, students' naive ideas are not entirely idiosyncratic. Research has documented that many students share the same ideas. Therefore, we have been able to develop a list of the common naive ideas that are associated with the material covered in this book. It is important to realize that students of all ages share many of these same naive ideas. In other words, most of the items in this list are applicable to both teachers of grades four through nine, as well as the students in those grades.

  (What does change with age and worldly experience, however, is the jargon through which these ideas are expressed. Furthermore, younger children may have little to say about some of the ideas because they have not had the appropriate experiences).

Below is a list of the major naive ideas that students can be expected to bring to the OPERATION PHYSICS workshops. The ideas are listed in the order in which they appear in the book. Following each naive idea is the specific activity in which that idea is elicited or addressed.

Color and Vision
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Naive Ideas:

1.
The pupil of the eye is a black object or spot on the surface of the eye. (1A1, 1A5, 1A6)

2.
It is possible to hold ones eyes perfectly still. (1A3, 1A5F)

3.
The eye receives upright images. (1A5)

4.
The lens is the only part of the eye responsible for focusing light. (1A5)

5.

The lens forms an image (picture) on the retina The brain then "looks" at this image, and that is how we see. (1A5)

6.
The eye is the only organ necessary for sight; the brain is only for thinking. (1A5)

7.
The only purpose of having two eyes is to give a wider field of vision. (All of Section 2 addresses this idea)

8.

A white light source, such as an incandescent or fluorescent bulb, produces light made up of only one color. (All of Section 3 addresses this idea)

9.
Sunlight is different from other sources of light because it contains no color. (3A1)

10.
When white light passes through a prism, color is added to the light. (3A2D)

11.
The rules for mixing color paints and crayons are the same as the rules for mixing colored lights. (4A1D, 4C1F, 5E1F)

12.
The primary colors for mixing colored lights are red, blue and yellow. (4A1D, 4C1F)

13.
A colored light striking an object produces a shadow behind it that is the same color as the light. When red light strikes an object, a red shadow is formed. (4A3D, 4C1F)

14.
The shades of gray in a black and white newspaper picture are produced by using inks with different shades of gray. (4B2)

15.
When white light passes through a colored filter, the filter adds color to the light. (5B1), 5B2D, 5C1)

16.
The different colors appearing in colored pictures printed in magazines and newspapers are produced by using different inks with all the corresponding colors. (5D2, 5C3, 5D1)

17.
The primary colors used by artists (red, yellow and blue) are the same as the primary colors for all color mixing. (5E1F)

18.
Color is a property of an object, and is independent of both the illuminating light and the receiver (eye). (5F1, 5F3, 5F2D)

19.
White light is colorless and clear, enabling you to see the "true" color of an object. Colored light is darker than white light and makes objects appear darker. (5F1, 5F2D) 5F3)

20.
When a colored light illuminates a colored object, the color of the light mixes with the color of the object. (5F1, 5F3, 5F2D)

21.
Color perception involves only the properties of the objects being observed, and not the properties of the eye brain system. (All of Section 4 addresses this idea)
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THE PHYSIOLOGY OF THE EYE

The activities and “Focus On Physics” discussion in this section should help students develop a greater understanding Of the structure of the eye and how the eye and brain function together in the vision process.

This Section is recommended as the starting point for this entire book: Color and Vision. In this way, participants start with the more familiar and concrete concepts of eye structure before proceeding to the more abstract concepts concerning perception, light and color.

Naive Ideas:

1.
The pupil of the eye is a black object or spot on the surface of the eye. (1A1, 1A5, 1A6)

2.
It is possible to hold one’s eyes perfectly still. (1A3) 1A5)

3.
The eye receives upright images. (1A5)

4.
The lens is the only part of the eye responsible for focusing light. (1A5)

5.
The lens forms an image (picture) on the retina. The brain then “looks” at this image, and that is how we see.


(1A5)

6.
The eye is the only organ necessary for sight; the brain is only for thinking. (1A5)

A
THE VARIOUS PARTS OF THE EYE FUNCTION TO DETECT LIGHT AND TO PRODUCE A CLEAR IMAGE OF AN OBJECT ON THE RETINA,

1. 
Activity: What Does Your Eye Look Like?


This is a good introductory activity that asks students to draw and label the parts of the eye that can be seen in a mirror.

2. 
Activity: How Far To the Side Can You See Color?


Students test their color peripheral vision and compare it with their peripheral vision in general.

3. 
Activity: Can You Find Your Blind Spot?


Students use a simple technique to find their blind spot, the place where the optic nerve leaves the retina. They also learn they can not keep their eyes perfectly still.

4. 
Activity: Can You See Your Retina?


Shadows of the blood vessels in the eye are viewed with the use of a penlight or a pinhole.

5. 
Discussion ‑ Focus On Physics: The Eye and Vision.


This material provides an overview of the structure and physiology of the eye. Parts of it can be discussed after the appropriate activity is carried out, or you can discuss it in its entirety after all four activities in this section are completed.

6. 
Overhead: The Parts of the Eye.

COLOR AND VISION
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WHAT DOES YOUR EYE LOOK LIKE?

Materials:
mirror


index card or sheets of paper


crayons, markers or colored pencils

1.
Use the mirror to look at one of your eyes. Draw what you see on the index card (or paper). Put in as many details as you ran. Use crayons or pencils to lightly color the drawings.

2.
Label any parts of your eye that you know.

3.
Compare your drawing of the eye with your partner’s drawing. Describe how they are alike or different.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
LOOKING FURTHER:

4.
Close one eye. Gently press your finger on the eyelid. Move your eye left and right. You are feeling the cornea of your eye, behind the eyelid. Describe how it feels.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
5.
The black spot is called the pupil of your eye. Ask your partner to close both eyes and to put one hand over his eyes. Slowly count to 10. Be ready to watch the pupils of your partner’s eyes when he opens them. You may wish to try this several times. Describe how the pupils change as the eyes are opened.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
6.
Try closing your eyes for 10 seconds. As you open your eyes, look quickly into a mirror to watch the pupils in your eyes change. Draw your pupils in:
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7.
Why do you think that when you open your eyes, the pupils of your eyes change?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
COLOR AND VISION
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WHAT DOES YOUR EYE LOOK LIKE?

IDEA:
PROCESS SKILLS:

The eye is the organ that detects light.
Observing


Inferring

LEVEL: L/U
DURATION: 20 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:

MANAGEMENT TIPS:
In the classroom, the activity will run most smoothly if all students


have a mirror. If the mirrors you use have sharp comers, you may


want to tape these to prevent cuts.


If index cards or pieces of paper are used, the eye drawings can be


posted on a board or wall. This would enable students to make


further comparisons.
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RESPONSES TO

SOME QUESTIONS:


2.
Missing labels can be added after this activity or as a follow‑up.



3.
Students should find common features (i.e. pupil, iris,) and notice differences in shape or color of the iris, etc.



4.
It is curved or bulges out from the eye.



5.
The pupil will change from a large black spot (hole) to a small one. Actually, it is the iris that expands or contracts to control the amount of light that enters the eye.
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7.
As you open your eyes, the pupils will get smaller as the amount of light increases.

COLOR AND VISION
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WHAT DOES YOUR EYE LOOK LIKE?   2
POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Use the overhead, “The Parts Of the Eye” (located at the end of this


section), in discussing the following terms. (Do not discuss those


parts labeled in the overhead, which the students have not yet


investigated).

The sclera is the white outer covering of the eyeball, an organ about


the size of a ping‑pong ball.

The cornea is often called a “window” in the sclera because it is the


transparent area where light enters the. eye. It also plays a major role


in focusing light on the retina. There are six muscles that move the


eye up and down and left and right. These are arranged in pairs and


work together to move the eye.

The iris, or colored part of the eye, is a pair of muscles that expand


and contract to control the amount of light that enters the eye. In


bright light, the iris expands, shrinking the pupil so that only a


small amount of light enters the eye. The pupil is the hole that


allows light to enter the eye.

Tears are continuously flowing into the eye to keep the cornea moist


and clear. They are a defense mechanism for the eye.
POSSIBLE EXTENSIONS:
Dissect a cow’s eye. This shows that the pupil is a hole. It also lets


students see parts like the lens. Students can see that the eye is


composed of strong muscle tissue. Cows’ eyes may obtained from a


slaughter house. Also this dissection is done on a videotape produced


by the 3‑2‑1 Contact television series.

COLOR AND VISION
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HOW FAR TO THE SIDE CAN YOU SEE COLOR?

Materials: 
small pieces of colored construction paper

1.
Have your partner select a piece of colored paper and stand at your right side, a few steps away. He/she must NOT show you the color of the paper selected.

2.
Focus your eyes straight ahead on an object across the room. Try to keep looking at this object all during the activity. While looking straight ahead, describe how much you can see on either side of your head.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
[image: image4.png]pupil

tear
cornea (clear
covering over
iris and pupil)





3.
Using the diagram of the protractor, assume your position is at the center of the protractor. Your partner should stand in line with the 0o line on the right. As your partner moves the paper around you (in an arc), when do you think you will recognize the color of the paper? (Try to predict in degrees).


_______________________________________________________________________________________________
4.
Have your partner slowly move the colored paper forward in a circle around you. Say “stop” when you can first absolutely determine the color of the paper. Where was your partner located (in degrees) when you determined the color of the paper? On the back of this sheet, draw a diagram to show this.


_______________________________________________________________________________________________
5.
Were you able to determine the presence of the piece of paper before you could determine its color, or at the same time?


_______________________________________________________________________________________________
6.
Predict what you think will happen if you try your left side. That is, at what angle do you think you will first determine the color of the same piece of paper on your left side?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
7.
Have your partner take the same colored paper and test your left side. Draw a diagram on the back of this sheet to show where your partner was located (in degrees) when you could identify the color of the piece of paper.

8.
Side vision is called peripheral vision. How does your right peripheral vision for seeing color compare to your left peripheral vision for seeing color?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
9.

How does your peripheral vision for seeing anything compare with your peripheral vision for determining color?



_______________________________________________________________________________________________

_______________________________________________________________________________________________
10. Repeat the above activities with other colors of papers. How does your peripheral vision for seeing the first color compare to seeing other colors?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
COLOR AND VISION
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HOW FAR TO THE SIDE CAN YOU SEE COLOR?

IDEA:
PROCESS SKILLS:

You can detect the presence of objects in
Predicting

your peripheral view before you are able
Defining Operationally

to determine their color.
LEVEL: L/U
DURATION:

STUDENT BACKGROUND:

It may help to discuss with the students that the cornea and lens of the eye


focus light onto the retina where the rods and cones are located and that the


color receptors are concentrated in a small area called the fovea

ADVANCE PREPARATION:

Cut small pieces of colored construction paper, each about one I ‑inch square.


Each person should be tested with two colors: one for the right side vision


and one for the left side vision.

MANAGEMENT TIPS:

Spare is required to arrange pairs of students so that testing can be performed


easily. Assist students in selecting an object at a distance to look at while being


tested. Continually remind students to focus their eyes on the selected object.

RESPONSES TO

SOME QUESTIONS:
2.
Very little detail should be noticeable when focusing on one object in



front of you. (This is especially true of color).



4.
Example:
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5.
Students should notice the movement or shape of the object before 
noticing its color.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Cones function in strong light and respond to color. These are concentrated


in the fovea There are fewer and fewer cones in the region more and more


peripheral to the fovea You see most clearly in bright light when an image


is directly in front of you, focusing light on the fovea When an object is


in the peripheral of your view, light is focused on a part of your retina where


there are few cones. Therefore, you will have difficulty determining the color


of, or specific details about the object
POSSIBLE EXTENSIONS:
Test your peripheral vision using movement, i.e., wiggling a pencil instead


of holding a piece of paper. The rods on the edges of the retina are connected


in a way that detects motion.

COLOR AND VISION
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CAN YOU FIND YOUR BLIND SPOT?
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Materials:
pencil


3 “ x 5 “ card (or paper)


ruler

1.
Make a large dot, about 1 cm in diameter, on the card close to the left side of the card.

2.
Make an “X” about 5 cm to the right of the dot and in line with it.

3.
Hold the card so that the “X” is to the right of the dot.

4.
Hold the card so that the dot is in front of your right eye and at arm’s length.

5.
Close your left eye and slowly move the card toward your face. Stare only at the dot. Notice when the “X” disappears. This is your blind spot. What did your card look like at the blind spot?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
6.
Suppose you leave both eyes open. Do you think you can still find your blind spot?


_______________________________________________________________________________________________
7.
Test for your blind spot with both eyes open and describe what you find out.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
8.
Use the same card to test your left eye to find a blind spot. Turn the card around so the “X” is to the left of the dot. Close your right eye and hold the dot at arms length in front of your left eye. Move the card toward your left eye until the “X” disappears.

9.
Compare the results of your tests on your right and left eyes. Are they the same? Why or why not?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
10.
What do you know about your blind spots? Why do you think you have blind spots?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
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CAN YOU FIND YOUR BLIND SPOT?

IDEA:
PROCESS SKILLS:

The “blind spot” is a place on the retina
Observing

where there are no cells sensitive to
Using Spatial Relationships

light.
LEVEL: L/U
DURATION: 10 Min.

STUDENT BACKGROUND:
Students may find this activity more meaningful if they have discussed the parts


of the eye, including the retina, the optic nerve and where these two meet.

ADVANCE PREPARATION:

MANAGEMENT TIPS:
A 3” x 5” card or a strip of paper will work best. Many students will need to


try this activity several times to make the “X” disappear. Caution these


students to: (1) move the paper slowly and concentrate (stare) at the dot, (2) put


the dot directly in front of the eye being tested, and (3) the “X” is always placed


to the left of the left eye when it is being tested, and to the right of the right


eye when it is being tested.

RESPONSES TO

SOME QUESTIONS:
5. 
The card appears blank where the “X” is located.


7.
The test does not work with both eyes open because the eye that is not being tested can still see the “X”.


9.

Answers may vary. Students may not be successful in testing both eyes.


10.
A blind spot is a place where an image can “disappear.” It is the spot where the optic nerve leaves the retina and therefore there are no light sensitive cells at that spot.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Light‑sensitive cells (rods and cones) send impulses to the brain through the


optic nerve.


The brain interprets the impulses received from the retina of the eye.


The blind spot is the place where the optic nerve leaves the retina. At this point, there are no light‑sensitive cells. The “X” disappears at the point where its image on the retina is exactly on the blind spot. You are blind to any image that falls on this spot. Normally, you are unaware of your blind spot be‑cause your eyes are constantly moving and the brain fills in the information that is missing from the tiny blind spot. Furthermore, an object you are looking at is never imaged on the blind spots of both eyes simultaneously.

POSSIBLE EXTENSIONS:
1.
Enlarge the “X”. Try making it bigger and bigger. Find the biggest “X”


that will disappear when you hold the card in the blind Spot.


2.
Small drawings may be substituted for the “X” and the dot.


3.
Mount a flashlight on a ring stand. Cover with a cardboard or foil mask



which has a pinhole at the center, completely, and have students stare at the



pinhole. Students will see the light move due to the movement of their



own eyes. They will see the light vibrating, drifting, or jumping.

COLOR AND VISION
1A4

CAN YOU SEE YOUR RETINA?

Materials: 
a penlight

1. 
Close your eyes. Gently place the penlight against the outer comer of your upper eyelid.

2.
Wiggle your penlight back and forth or move it quickly in a small circle.

3.
Do this for several minutes. When you find the right place, you will see a pattern of dark lines. These wavy lines are the shadows of the blood vessels in your eye on the retina.

4.
Draw a picture of the lines you see.

5.
Why do you think you do not always see these blood vessels in your eye, or their shadow?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
COLOR AND VISION
1A4TN

CAN YOU SEE YOUR RETINA?

IDEA:
PROCESS SKILLS:

The retina contains blood vessels that 
Observing

normally cannot be seen.
Inferring

LEVEL: L/U
DURATION: 15 Min.

S BACKGROUND TUDENT:
Students should know that the retina is located at the back of the eye and that it


contains specialized light-sensitive cells called rods and cones.

ADVANCE PREPARATION:

MANAGEMENT TIPS:
If the number of penlights is limited, the activity can be demonstrated and then


students can try it at one station in the room.


If one places a card with a small pinhole near the eye and "wiggles" it back and


forth while looking at a clear, bright background, the same effect may be


observed.

RESPONSES TO

SOME QUESTIONS:
5. 
The blood vessels are always in the same place in your field of vision.



Light receptor cells in the retina receive a constant stimulus from these



blood vessels. These light receptor cells soon learn to ignore this



stimulus.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION: 
The retina is the thin layer of light-sensitive cells at the back of the eye.


These light-sensitive cells send nerve impulses to the brain where they are interpreted.


Nerve receptor cells, like the cells in your retina, tend not to react when receiving a constant stimulus. The blood vessels that carry nutrients to your retina are always in the same place in your field of vision but normally cannot be seen. Their shadows always fall on the receptors that have learned to ignore these stationary dark lines. When you move the penlight over your eyelid, you move the shadows around on your retina, making them visible.

POSSIBLE EXTENSIONS:
Make a list of other sensory stimuli to which our sense of sound, sight, smell,


touch, and taste become adapted.


Close one eye, and then look directly through a blue filter (440 nm


wavelength) at a bright fight. You will see moving white spots that are the


white corpuscles moving in the blood vessels in front of the light-sensitive


cells in your retina. The blue light is absorbed by the red cells, but is


transported by the white cells.

COLOR AND VISION
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PERCEPTION

The main focus in this section is the role of the eye‑brain system in visual perception. Through the activities, students will develop an appreciation for the significance of the brain in the visual process. When light from an object enters the eye and forms an image on the retina, the eye‑brain system is involved in the processing of information contained in that image, resulting in the “perception” of that object. Perception of depth arises from the fact that each eye receives a slightly different view of the visual scene.

Sometimes conflicting information is presented in a two‑dimensional picture and the eye‑brain system may interpret the picture incorrectly, or in more than one way.

Naive Ideas:

1.
The only purpose for having two eyes is to give a wide field of vision. (All of Section 2 addresses this idea.)

A.
MEMORY PLAYS AN IMPORTANT ROLE IN THE PROCESS OF VISUAL PERCEPTION.

1. 
Activity: What Is Visual Memory?


In this activity, students describe objects they cannot see. It demonstrates how much we depend upon our visual memory.

2. 
Demonstration/Discussion/Overhead: Can You Identify the Mystery Picture?


The students are shown sequentially small segments of a hidden picture and they try to visualize (and draw) the entire picture.

B.
THE EYE‑BRAIN SYSTEM CAN RETAIN AN IMAGE FOR A SHORT TIME AFTER THE STIMULANTS IS REMOVED.

1. 
Activity: How Long Can Your Eye Hold an Image?


Students construct a simple tool using index cards and straws to investigate persistence of vision. An extension activity, “Making a Flip Book,” is discussed in the teacher’s notes.

2. 
Demonstration/Discussion: Producing a Ghost Image.


The instructor waves a stick in mid‑air in a plane on which is imaged a picture from a slide projector. Due, to persistence of vision, students should be able to perceive the entire image.

C.
THE PERCEPTION OF DEPTH ARISES MAINLY BECAUSE EACH OF THE TWO EYES RECEIVES A SLIGHTLY DIFFERENT VIEW OF THE SAME SCENE,

1. 
Activity:   Why Do We Need Two Eyes?


Binocular (stereoptic) vision depends on having two eyes to compare different views of the same scene.

D.
MANY VISUAL ILLUSIONS ARISE WHEN A PICTURE IS PERCEIVED INCORRECTLY OF CAN BE INTERPRETED IN MORE THAN ONE WAY.

1. 
Demonstration/Discussion: Visual Illusions.


This is a set of visual illusions that can be made into transparencies and shown to the participants. There are several different types, including geometrical illusions and ambiguous figure illusions.

2. 
Overheads (6):   Set of Visual Illusions

COLOR AND VISION
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CAN YOU IDENTIFY THE MYSTERY PICTURE?

(Demonstration/Discussion)

Materials: 
1 clown picture

112 “ x 18 “ (minimum size) of dark construction paper (the construction paper should be long enough to keep the clown picture covered during the slit movement).

ADVANCE PREPARATION:

1.
Cut a slit (I cm x 20 cm) in the middle of construction paper or cardboard. ‘Me slit may be vertical or horizontal.

2.
While the students are not in the room:

a.
Attach the clown picture to the wall or a display board that will be easily visible to all students.

b.
Cover the clown picture with the piece of construction paper. The slit should be positioned so that it can be moved slowly across the clown picture. Loosely tape the construction paper to the wall (or board) until you are ready to begin.

3. 
Don’t let the students see the clown picture ahead of time!

DEMONSTRATION:

Loosen the tape on the construction paper and move it slowly over the picture. Have the students guess what it is. When you move the cover slowly, you should see only a small slice of the picture at a time, each slice revealing only a small piece of information. Move the cover a little bit faster several times, but not fast enough to reveal the whole picture. Can anyone make a prediction about what they think the picture is? You should get a wide variety of interpretations representing different ideas about what the picture could be. After everyone has made a prediction, move the opening fast enough for everyone to see the drawing. How does the brain construct a picture from the small pieces that are viewed?

DISCUSSION:

Students should discuss how images from the eye are interpreted by the brain. This demonstration may help to reinforce this concept. It should be stressed that the brain compiles all sections of the picture received. At a particular speed, the individual pieces are blended to produce a complete picture.

For a possible extension to this demonstration, you could substitute other pictures for the clown. Does your ability to predict the picture improve with practice? Note that a good source of pictures is a primary coloring book.

You could color in the pictures before using them.

COLOR AND VISION
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CAN YOU IDENTIFY THE MYSTERY PICTURE?   2
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COLOR AND VISION
2B1

HOW LONG CAN YOUR EYE HOLD AN IMAGE?

Materials:
unlined 3” x 5 “ cards


plastic straws or pencils


tape


markers or crayons

1.
Draw a picture of a bird in the middle of one card.

2.
On the second card, draw a cage for the bird. Be sure that the cage will fit over the bird. You can check this. If the cards are the same size, hold the two cards up to a light. Does the bird fit inside the cage?
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3.
Tape the straw or pencil securely to the back side of one card so that the picture is oriented in a “right‑side up” position. Working with a partner, tape all 4 edges of the second card to the first card so that both pictures are facing out and in the same orientation.

4.
Hold the straw or pencil between the palms of the hands and twist it quickly. Describe what you see.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
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5.
Try different speeds. Does it always look the same?


________________________________________________________

________________________________________________________
6.
Explain what you think is happening when you see the bird in the cage.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
COLOR AND VISION
2B1TN

HOW LONG CAN YOUR EYE HOLD AN IMAGE?

IDEA:
PROCESS SKILLS:

Our eye‑brain. system can retain an image
Observing

for a short time after the stimulus is removed. 
Defining Operationally

LEVEL: L


DURATION: 20 Min.

STUDENT BACKGROUND:
The student should have some understanding of the physiology of the eye.

A
DVANCE PREPARATION:
Each person will need at least 2 unlined 3” x 5” cards and 1 straw. More


materials %rill be needed if additional models are made (Step 7). A sample is


most helpful.
MANAGEMENT TIPS:
1. 
It is important that the pictures line up on the two cards.


2.
Several pieces of tape can be distributed to each student while they are



coloring the pictures.

RESPONSES TO

SOME QUESTIONS:
4.
The bird should appear to be in the cage.


5.
At very slow speeds the two pictures will be seen one after the other.



They will not appear to be combined into one picture. One should



experiment to find the speed where the two pictures begin to combine.


6. 
Perceptually, what is happening is this: the eye‑brain system is still



interpreting information from the first picture at the same time as it is



interpreting new information from the second picture.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1. 
The brain continues to interpret an image that is formed on the retina



for a short time after the light enters the eye.


2. 
The perceptual phenomenon illustrated in this activity is known as



persistence of vision. Where and how long the image persists varies



with time and circumstance, but typically it lasts for 1/20th of a second



or less.

POSSIBLE EXTENSIONS:
Decide on a picture or scene that can be drawn to look like it is moving. It


is best to keep it simple using sharp, dark lines, like a bird flying.
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Use 10 to 20 cards, Begin drawing your scene carefully, one picture to each card, near one end of the card. Number the pages. When you’ve finished your cards, stack them in order like a dock of cards. Tap the end of the deck on the table to even up the pieces and fasten them with a rubber band or paper fastener.
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Flip the cards so the pictures go quickly past your eyes, and watch the action! To make another “movie,” take off the fastener and turn the cards over and make another drawing. After the drawing is finished, RESTACK the cards, put the rubber band or fastener back on, and flip away!

Try making another set of pictures. Be sure that the two pictures line up behind one another!
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COLOR AND VISION
2B3
IT’S ALL IN YOUR MIND

If someone told you that the picture on a movie screen or a TV isn’t really moving, would you believe him?

1. 
Look at a piece of movie film. What do you see?

2. 
Compare sections of the film (frames) at opposite ends of the sample you have. Describe any differences you see.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
3. 
How much change can you see from one frame to the next?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
4.
 Is something really moving on the screen?


_______________________________________________________________________________________________

_______________________________________________________________________________________________

Pictures you thought were moving are really just a fast run of stills. But how are these still pictures formed?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
5. 
Take a photograph clipped from a newspaper. Look at it from about 3 feet away. What do you see?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
6.
 Bring the picture close and look at it through your magnifying glass. What do you see?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
7. 
What do you see when you look at the TV screen at very close range?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
8. 
How do you think TV pictures are formed?


_______________________________________________________________________________________________
The newspaper picture is a bunch of black and white spots. The TV picture is a bunch of light and dark spots. You can see ink on the piece of newspaper, but how does TV do it?

Part of TV is like any radio system. There is a transmitter to produce magnetic waves and a receiver to pick then up. This takes care of the sound. The picture is more complicated. Light and dark signals are carried like loud and soft signals, but it takes some tricky timing to get them lined up into a picture.

Look at the picture grid on the next page. Notice that each square lines up with a number at the top of the grid and a letter at the side. Using these guides, fill in the grid as directed.

IT’S ALL IN YOUR MIND   2
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BLACK    C8, C9, CI0, C11, C12, C13 
D7, D8, D9, D10, D11, D12, D13, D14 
E6, E7, E8, E9, E10, E11l, E12, E13, E14, E15 
F5, F6, F7, F8, F9, F10, F11, F12, F13, F14, F15 
G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, G14, G15 
H4, H5, H6, H7, H15, H16 
I4 ,I5, I6, I7, I9, I13, I15, I16 
J4, J5, J7, J15, J16 
K4, K5, K15, K16 
L5, L15 
M5,.M6, M11, M12, M15 
N6 
R7, R8, R9, RI0, R11, R12, R13 
S7, S8, S9, S10, S11, S12, S13 
T5, T6, T7, T8, T9, TI0, T11, T12, T13, T14. TI5, T16

GRAY


I11
J6, J11
K6, K7, K8; K11, K12

L6, L7, L8.

M7, M8, M9       N7, N8, N9       06, 07, 08, 09, 010       P7, P8, P9, PI0, P11, P12      Q7, Q8, Q9, Q10
9. 
Did you recognize the image by looking at the numbered letters?


_______________________________________________________________________________________________
10. Is the picture better up close or back a few feet?


_______________________________________________________________________________________________
11. What improvements would give a better message picture on the grid?


_______________________________________________________________________________________________

_______________________________________________________________________________________________

To send pictures long distances, light is broken down into bits of information that show as light and dark spots on the video screen. Photographs of the planets in our solar system have been sent to Earth this way from unmanned space probes. By careful timing, each light or dark spot is sent to just the right place on the screen. It happens one picture at a time, 30 pictures a second. But making the light and dark spots move across the screen does not take place on your TV.

12. Where does the motion take place?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
Summary: 
The ability to send picture information over long distances depends on many things. one is how light interacts with the eyes and the brain. The eyes and the brain are made of matter. Light is a form of energy.

Matter and energy interact. Understanding of interacting light and energy helps us send pictures through space.

Adapted from Dolmatz and Wong, Ideas and Investigations in Science, 1971.

COLOR AND VISION
2B2D
PRODUCING A GHOST IMAGE

(Demonstration/Discussion)

Materials:
slide or film strip projector


colorful slide (or picture from a film strip)


long, brightly colored stick

You will need to set up your projector and aim it toward an open door (or toward an open area of the room). Students should be behind the projector. Turn off the room lights. Hold a piece of paper near the door opening (or in the open area of the room) and focus the projector so a bright, clear image of the slide picture can be seen on the paper.

Now remove the paper. No one should be able to see the image because there is no way that light from the projector can enter the students’ eyes (either directly, or by reflection off a surface). Take the long stick and wave it rapidly in the image plane of the picture (the same plane that the paper had been in). Students should now be able to see the entire image!
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This demonstration works because of persistence of vision. If you were to move the stick very slowly in the image plane, at each position, a small horizontal segment of the image picture would be reflected from the stick and could be observed. If you move the stick rapidly enough so that each horizontal segment is seen for less than 1/20th second, then your eye‑brain system will not be able to separate and distinguish the individual segments. Instead, your perception of each successive horizontal segment would persist long enough to enable you to perceive the entire image picture.

OPTIONAL:
You may use two projectors with two different slides. Divide the class into two groups. Arrange the equipment and people as shown in the drawing below. Both projectors must be focused on the same point.
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COLOR AND VISION
2C2

WHY DO WE NEED TWO EYES?

Materials:
stereo viewers


two sharpened pencils
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1 .
Place a sharpened pencil in each hand and hold them


apart at arm’s length so that the sharpened ends face


each other. Now with both eyes open, bring the pencils


slowly toward each other and try to touch the points together.


Describe what happens.


____________________________________________________________

____________________________________________________________

2.
Now try the same thing but do it with only one eye open. Describe what happens.


_______________________________________________________________________________________________


_______________________________________________________________________________________________


Is this harder than Step I? Explain your answer.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

3.
Look around the room with both of your eyes open. Look at some object in the room and then close one eye. How far does it move relative to the background?


_______________________________________________________________________________________________


_______________________________________________________________________________________________


Then close the other eye. How far does it move relative to the background?


_______________________________________________________________________________________________


_______________________________________________________________________________________________


Describe how it is different from the view with two eyes.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

4.
Hold a pencil at arm’s length so that it is vertical. With your left eye closed, look at


the pencil and line it up with some object across the room. Without moving the pencil, look at it with your


right eye closed. Does the pencil still look lined up with the same object?


If not, what is it lined up with now?

5.
Do Step 4, but this time have the pencil about 6” from your face. Did the pencil appear to shift its position more or less than it did in Step 4?

6.
Can you give a reason why two eyes help us to determine distance more easily than one eye?


Using Stereo Viewers:

COLOR AND VISION
2C2

WHY DO WE NEED TWO EYES?   2
7.
Below is a sketch of two identical squares, with a circle drawn in the center of each.
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8.
Use, the stereo viewers to look at the pictures. (These viewers force your left eye to look at the left picture and the right eye to look at the right picture). You will see three squares when you look through the viewer. You should concentrate on the one in the center. Do the square and circle both look the same distance away or does one appear closer?


_______________________________________________________________________________________________

9.
Repeat Step 8, except this time, use the figures at the top of the next page. The circle in the left square is a little closer to the right edge and the circle in the right square is a little closer to the left edge. Look at the squares through your viewer. Does the circle seem to be at a different distance than the square? If so, is the circle closer or farther away?


_______________________________________________________________________________________________


_______________________________________________________________________________________________
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10. 
Predict what would happen if you viewed squares with the circles nearer to the other side of the squares. Try it by viewing the figures below through the viewer. What do you observe?


_______________________________________________________________________________________________


_______________________________________________________________________________________________
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11. 
Can you explain these results in terms of the different view each eye has? You might think about the observations you made in Steps 4 and 5.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

COLOR AND VISION
2C2TN

WHY DO WE NEED TWO EYES?

IDEA:
PROCESS SKILLS:

We can perceive depth because each eye
Observing

gets a slightly different view of a scene. 
Using Spatial Relationships
LEVEL: L/U
DURATION: 30 Min.

STUDENT BACKGROUND:
Human eyes generally face in the same direction, and there is considerable


overlap in the visual field of each eye. However, the eyes can be controlled


somewhat independently to focus up close or far away. Also, students must


know (or be reminded) that what we perceive is determined by how the brain


interprets the information received by each eye.

ADVANCE PREPARATION:
There are a number of ways to view stereo images but most are difficult except


for the viewers on a stand that are sold in most earth science supply catalogs.


Try the stereo images yourself first to get the feel for what will work and what


will not work.


Some students may be able to make the desired observations without a special


stereo viewer. As an alternative, use a 4” x 10” card (or something similar).


Hold the card with the 4” edge perpendicular to the paper and halfway between


the two squares. Position your nose above the opposite edge of the card.


Your left eye will only see the left square and your right eye will only see the


right square. Try to fuse the two views together.

MANAGEMENT TIPS:
In the classroom, there will be considerable movement about the room, so this


activity must he planned to minimize confusion. Remind students to treat the


viewers with care.


See the comments under “Advance Preparation” for instructions on how to


view the stereo pictures without a special viewer.

RESPONSES TO

SOME QUESTIONS:
1. 
Students shouldn’t have difficulty with this with both eyes open.


2.
This usually is more difficult, closing one eye greatly reduces depth perception.


3.
With either the left or right eye, the object should not move much relative to the background. That eye is the person’s dominant eye. It is the only eye used for sighting during activities like using a gun or a video camera. When you do this, both eyes should give a greater feeling of depth for dime dimensions.


4.
Students should observe that the pencil appears to be lined up with a different object.


5.
It will shift much more. This is quite evident and students should have no difficulty seeing it.


6.
Our eye‑brain system judges distance by how different the views are from each eye. The more different the views, the closer the object is to the eyes.


7.
The circle should be in the same place in each square.

COLOR AND VISION
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WHY DO WE NEED TWO EYES?   2

8.
The square and circle should appear the same distance away.


9.
The circle will appear to be “floating” above the square. (“Me circles should not be drawn too far off center or the effect is too strong).


10. 
Here the circle will appear to be “below” the square.


11. 
The participant should think about this: If the circle really were above the square and he or she looked with each eye separately, how would it look?
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POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
By placing the circles in different parts of the square for each eye, each eye is seeing a different view of the circle with respect to the square. This is what would happen if the circle and square were actually a different distance from your eyes. The activity with the pencil held at different distances from the eye is designed to bring out the idea that depth perception is based on different views by each eye.

POSSIBLE EXTENSIONS:
The distance between the eyes is a factor in the degree of depth perceived. If


we could move our eyes farther apart, we would have much more pronounced


depth perception. One way to do this is to use two periscopes to effectively


increase the spacing.

COLOR AND VISION
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WHY DO WE NEED TWO EYES?   3

Rather than use stereo viewers, make “glasses” out of say, red and green filters. Then only one square need be drawn with two circles displaced from each other. One circle should be drawn in red ink and the other in green. The inks and filters must be the same color and the colors must be chosen so that each filter passes only its own color; i.e., the red passes red, but no green.
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Investigate how stereo viewers work.


Mention that geologists use stereo viewers in their work. Books are available that are used with stereo viewers to give three‑dimensional images of fossils or topographic feature.

COLOR AND VISION
2D1D

VISUAL ILLUSIONS

(Demonstration/Discussion)

Many visual illusions arise when a picture is perceived incorrectly or can be interpreted in more than one way. The set of transparencies that follows illustrates several different types of visual illusions. These are fun to show to the students. Although many of the drawings are fairly simple, they do point out how information contained in a picture can often lead to confusion.

In Geometrical Illusions, the length of lines or size of figures in line drawings is perceived incorrectly. “The Ponzo”, “Muller‑Lyer” and “Three Men” illusions are illustrations of this type. The two horizontal lines in the “Ponzo” and “Muller‑Lyer” illusions are the same length, and the “Three Men” in the other illusion are the same height.

One alternative suggestion for showing “The Ponzo” and “Muller‑Lyer” illusions to students is to make two separate transparencies for each, and then show them independently before overlapping. For example, consider “The Ponzo” illusion. You might first show a transparency which shows just the two horizontal lines. They will be seen to be equal in length. Remove that transparency and then show another one in which you have drawn just the two slanted lines. Then overlap the two‑slanted‑line transparency on the first transparency. Suddenly the top horizontal line looks longer than the bottom one!

Oscillating Figure Illusions are those in which the information from the picture presented to the brain can be interpreted in more than one way. The “Old Woman ‑ Young Girl” illusion is an example of this type. Here the picture is ambiguous, and depending on what features you pay attention to, you might perceive the young girl or the old woman. The “Two faces ‑Vase” illusion uses figure‑ground ambiguity to create the oscillating figure. If you perceive the black as the background in the picture, then you will see two faces facing each other as the figure. If you perceive white to be the background, then you will see the black vase as the figure.

Impossible figures are examples of pictures of reasonable objects that cannot exist in real life. The transparency shows two examples of this type. The bolts and frame objects in the picture at the top is impossible to construct. The stairs in the bottom picture seem always to be rising.
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PONZO ILLUSION

COLOR AND VISION
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VISUAL ILLUSIONS   2
MULLER-LYER ILLUSION
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THREE MEN ILLUSION                                                             OLD WOMAN – YOUNG GIRL
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TWO FACES – VASE                                                                                     THREE BOLTS
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COLOR AND VISION
2D2

IMPOSSIBLE FIGURES

Rising Stairs
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COLOR AND VISION
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WORKSHOP LEADER’S PLANNING GUIDE


THE SPECTRUM OF LIGHT

To begin the study of color, this section focuses on ways to produce die full spectrum using prisms and diffraction gratings. The activities and information in this section are critical in developing an understanding of color mixing in the next two sections. For this reason, the Spectrum of Light topic can be used to introduce Color Mixing by Addition and Color Mixing by Subtraction.

Naive Ideas:

1.
A white light source, Such as an incandescent or fluorescent bulb, produces light made up of only one color. (All activities address this idea).

2.
Sunlight is different from other sources of light because it contains no color. (3A1)

3.
When white light passes through a prism, color is added to die light. (3A2D).

A
WHITE LIGHT CAN BE SEPARATED INTO different COLORED LIGHTS CALLED THE SPECTRUM.

1.
Activity: How Can a Prism Be Used To Separate White Light Into Its Component Colors?


This activity introduces participants to the study of color through an investigation of the spectrum that is produced when white light passes through a prism.

2.
Demonstration/Discussion: What Does the Prism Do To the Light?


This demonstration/discussion addresses the naive belief that the prism simply “colors” the light which passes through it.

3.
Overheads (2): 
1. The Prism Produces a Spectrum Of Light.



2. The Prism Causes Light To Change Direction.

4.
Activity: How Can a Diffraction Grating Be Used To Separate White Light Into Its Component Colors?


In this activity, participants use a diffraction grating by itself or make a spectroscope to produce a much sharper, brighter spectrum than can be produced with the prism. The. idea that white light can be broken into a spectrum of colors is reinforced.

5.
Discussion ‑ Focus On Physics: The Prism and the Diffraction Grating Do the Same Thing, But Differently.


A brief discussion of the basic principles underlying how the prism and diffraction gating produce spectrums of light. It would be helpful if students would have already studied the sections “Refraction” and “Wave Properties of Light” from the OPERATION PHYSICS Behavior of Light book. The previous overhead, “The Prism Produces a Spectrum Of Light,” can be used with this discussion.

COLOR AND VISION 
3A1
HOW CAN A PRISM BE USED TO SEPARATE WHITE LIGHT INTO ITS COMPONENT COLORS?

Materials:
a prism


white light source that can produce an intense, narrow beam of light


a piece of while paper or screen

1.
Hold the prism in your hand. What do you observe about the prism?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

2.
Look through the prism, holding it toward the source of the narrow beam of light. Slowly turn the prism. Describe what you see.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

3.
Hold your prism near the light source so the narrow beam of light can strike one of the slanted faces, and then pass through. Adjust the prism and look around the room for the “rainbow” of colors. Place the paper where the “rainbow” appears.

4.
The “rainbow” pattern you observe is called the spectrum. Describe the sequence of colors you see.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

5.
Compare your spectrum with that of others in the group. How are they alike or different?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

6.
Move the paper close to the prism. How does the spectrum of color change?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

7.
From your observations, what ran you say about the white light?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

COLOR AND VISION
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HOW CAN A PRISM BE USED TO SEPARATE WHITE 
LIGHT INTO ITS COMPONENT COLORS?

IDEA:
PROCESS SKILLS:

White light can be separated into a “rainbow” 
Observing

of different colors, called a spectrum.
Formulating Models

LEVEL: L/U
DURATION: 20 Min

STUDENT BACKGROUND: 
This is an introductory activity on light. No additional background is required.

ADVANCE PREPARATION: 
1.
For step 2, a showcase lamp (unfrosted with a straight, vertical filament) is ideal for students to look at through their prisms.


2.
For Step 3, a narrow beam of white light is essential. This can be accomplished in a variety of ways.


a.
A filmstrip or slide projector can be used to demonstrate this activity if it is masked to allow only a narrow beam of light to enter the prism. A simple folder, piece of cardboard or index card may be used as a mask if a slit is cut into it to produce the narrow beam of light.



Better yet, a “slit” slide can be made by drawing a clean black line on white paper and photographing the paper with slide film in the camera. You will need to mount the negative of the slide in a slide mount available at photography shops. Simply use this in the slide projector to produce a narrow beam of fight.


b.
The light boxes, from the ESS optics unit, with the appropriate masks can be set up to provide a good source of light for a number of participants if all of them wish to try this activity.


c.
Flashlights can be used as a source of light but these will not produce the vivid colors that can be obtained by using a more intense source of light, such as a projector or a light box. Again, the flashlights must be masked with a slit opening to produce a narrow beam of light.


d.
Direct sunlight can be used if the blinds on a window are adjusted to produce narrow beams of light. Alternately, a large dark colored piece of cardboard with a slit in it can be placed in the window, producing the necessary narrow beam of light.


3.
Another type of prism can be made using a shallow pan (cake pan) about half‑filled with water, a mirror and sunlight (or a flashlight).


a.
Place the pan with water in the sun. Face the mirror toward the sun. Put the mirror into the pan of water so that is it leaning on the side of the pan. Light must strike the mirror below the water’s surface. Adjust the mirror so that the colors fall on a blank sheet of white paper held nearby.

MANAGEMENT TIPS:
1.
This activity can easily be done as a demonstration with a projector, a 
prism and a screen. Ile projector can be positioned in such a way that the spectrum is produced on a standard screen. Once participants have seen a good spectrum 



projected onto a screen, they can try other sources of light and compare results. (See the following demonstration, “What Does the Prism Do To the Light?”).


2.
Some manipulation of the prism will be necessary to obtain the best results.


3.
It would be good to add a demonstration to the end of this activity, in which you show that sunlight can also be separated into a spectrum. See comment “d” under the “Advance Preparation” section. This added demonstration will help dispel the naive idea that sunlight is different than other white light sources.
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RESPONSES TO

SOME QUESTIONS:
1.
Note the shape of the prism and that some colors may be seen “inside” the 
prism.



2.
As the prism is rotated, some distortion of images and some (or all) parts 
of the spectrum may appear.



3.
This will take some manipulation of the prism by the participants. 
Allow time to turn the prism until the best results are obtained. Often a spectrum is projected onto the ceiling. By adjusting the prism, this can usually be moved to a wall or floor area. The white paper acts as a screen. Once a spectrum is produced in a reachable area, place the white 
paper at the point (or in the direction) where the spectrum is produced and 
observe the colors more closely. The colors can also be drawn or traced.


4.
The colors should appear in a definite order, red, orange, yellow, green, blue and violet. All of these colors may not be immediately apparent when the spectrum produced is a narrow band.



5.
The same order or arrangement of colors should be produced each time, 
but some may be more expanded due to the angle of the light beam in 
entering the prism.



6.
The colors may intensify as the band of colors become less spread out.


7.
White light contains all of the colors in the spectrum: Red, Orange, Yellow, Green, Blue, and Violet.

POINTS TO EMPHASIZE IN 
THE SUMMARY DISCUSSION: 
1.
White light from the lamp bulb contains all the colors in the spectrum.



2.
If you have the opportunity to observe a beam of sunlight passing through the prism, and producing a spectrum, then you could comment that sunlight contains all the colors of the spectrum. This provides evidence that sunlight is also white light, similar to the light produced from a lamp bulb. (See comment “3” in the “Management Tips” section).


3.
If students have already studied waves, then you could point out that the different colors of light correspond to different wavelengths. Furthermore, if they have studied refraction in the OPERATION PHYSICS Behavior of Light book, then you could point out that when white light passes through a prism, the different wavelengths are bent by different amounts, thereby separating the light into its component colors.

POSSIBLE EXTENSIONS:
1.
Try this activity outdoors (weather permitting) and compare results. (See suggestion “3” in the “Advance Preparation” section).


2.
Use the prism and look through it at different types of light sources; e.g., incandescent, fluorescent and colored light sources. Describe and compare the spectra from these various sources.



3.
For more activities on the refraction of light, see the “Refraction” section of the OPERATION PHYSICS Behavior of Light book.


4.
Focus the spectrum on a child’s chest Let them “feel” the spectrum with their hands. Let other children do the same. Discuss how the spectrum changes as the color of the clothing changes.
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WHAT DOES THE PRISM DO TO THE LIGHT?

(Demonstration/Discussion)

Materials:
white light source that can produce an intense, narrow beam of light


2 good quality prisms that can be mounted, one behind the other, in front of the projector


index card


white screen or large piece of white cardboard or paper


2 overheads: ‘The Prism Produce A Spectrum of Light” and “The Prism Causes Light



To Change Direction.”

The purpose of this demonstration/discussion is to confront the common belief that the prism simply colors the light passing through it. It is mainly for upper level students, and it would be helpful if they have already studied refraction of light (included in the OPERATION PHYSICS Behavior of Light book).

The best light source to use for this demonstration would be a slide projector. Make a 35 mm slide that contains a long narrow “slit” so that when it is put in the projector, the narrow slit will be imaged on the screen (See 3A1TN page 1, part 2a). To prepare for the demonstration, the room lights should be turned off and the projector turned on with the narrow beam (or slit) of light imaged on the wall next to the screen.

1.
Mount the prism in front of the projector so the students can see a colored spectrum on the screen. Ask the students the following question: “What does the prism do to cause the colors?” One of the ideas that might be presented in the ensuing discussion is that the prism somehow “colors” the light that passes through it. When this idea is presented, suggest that you will test that idea in the following way.


Block off all but the red light that emerges from the prism by mounting the white card in the path of the light. The students should now observe only a narrow strip of red light on the screen. Now pick up the second prism and ask the following question: “If the red light were to pass through this second prism, what would you observe on the screen?


 between the two prisms). What should be observed is that the red light is further displaced away from the original beam direction, but its color remains the same. In going through the second prism, nothing further happens to the color of the light. A red filter or a container of water with red food coloring may be placed into the beam of light between the source of light and the prism. Discuss that red light comes out when red light goes in. Notice that the position of this red beam is the same as the position of red light when the whole spectrum was displayed.

2.
Remove the second prism and the card, displaying the full colored spectrum again on the screen. Tell the students that you will now mount the second prism behind the first, but turned the opposite way compared to the first. Demonstrate that when you do this (putting the prisms almost touching one another), the original white beam is almost reproduced. In this case, then, the second prism has been able to recombine the different colors back into the white light.

3.
After showing the two demonstrations ‑‑ bending the red light and recombining the separate colors into white ‑again ask the students to explain what the prism does to produce the colors. At the appropriate time suggest to the students the following ideas:

a. 
The white light is actually a mixture of all of the colored lights.

b. 
When light passes through the prism, the prism causes the light to change direction (refract), but the different colored components bend by different amounts. (This can explain the production of the spectrum of colors). Show the overhead “The Prism Produces a Spectrum of Light.” Mention that in the sketch, the divergence of the beam inside and outside the prism has been exaggerated for clarity.
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c.
When light of a single color enters the prism, the light just changes direction. No new colors are produced. (This explains the demonstration involving the further bending of red light). Show the overhead “The Prism Causes the Light To Change Direction.”

d.
The direction of bending depends on how the light passes through the prism. If the prism is turned around, the light will bend in the other direction. (This helps account for the observation of the different colors being recombined into white light).

4.
In summary, the prism does not color the light. The white light was made up of the combination of colors to begin with. All the prism did was to help separate the colors. (In the following activity the students will investigate another device that will also separate the colors, called a diffraction grating).

THE PRISM PRODUCES A SPECTRUM OF LIGHT
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THE PRISM CAUSES LIGHT TO CHANGE DIRECTION
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HOW CAN A HOLOGRAPHIC DIFFRACTION GRATING BE USED

TO SEPARATE WHITE LIGHT INTO ITS COMPONENT COLORS?

Materials:
Holographic diffraction grating, mounted in 2”x 2” slide holder; or cardboard tube spectroscope light source

1.
Look at the light source. If you are using the diffraction grating, hold it about 15 cm in front of your face and slightly off to the side of your view to the light source. Look through the grating. If you are using a spectroscope tube, aim the slit end at the light source and look through the other end. Describe what you observe.


_______________________________________________________________________________________________


_______________________________________________________________________________________________

2.
Draw a sketch and label the colors that you observe.

3.
Compare your drawing to your partner’s drawing. How are they alike or different?


_______________________________________________________________________________________________


_______________________________________________________________________________________________

4.
Compare what you can see through the diffraction grating (or spectroscope) with what you had seen through a prism.


_______________________________________________________________________________________________


_______________________________________________________________________________________________
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HOW CAN A HOLOGRAPHIC DIFFRACTION GRATING BE USED

TO SEPARATE WHITE LIGHT INTO ITS COMPONENT COLORS?

IDEA:
PROCESS SKILLS:
White light can be separated into a “rainbow”
Observing

of different colors, called a spectrum.
Communicating
LEVEL: L/U
DURATION: 15 Min.

STUDENT BACKGROUND:

ADVANCE PREPARATION:
1.
The best light source would be an unfrosted bulb with a long, straight



vertical filament. A showcase bulb would be suitable. If this is not



available, then a frosted lamp bulb would be okay. The bulb should be



mounted upright in a socket and not be covered.

2.
The small diffraction gratings are mounted in 2” x 2” cardboard slides and



can be purchased in bulk from a scientific supply house.

3.
If you want to use cardboard spectroscopes, you will need to prepare them



in advance or else have the (upper level) students assemble them at the



beginning of the activity. (In that case you will have to add about 15



minutes to the duration of the activity).


Following are instructions to make the cardboard. spectroscopes:

a.
Cardboard tubes or PVC tubing (painted black on the inside) can be used



to make spectroscopes. Get 3” x 5” cards and cut out two circles the



diameter of the cardboard tube. In one, cut a slit about 2‑3 mm wide and



20 mm. long with a razor blade on the circular card. (Another option is to



use a hole puncher in the center of the circle. Your spectrum will just be



narrow. The advantage of using a circular opening is that the diffraction



grating need not be lined up with a slit). In the other circle, cut out a



small square.

b.
Obtain a diffraction grating sheet (available from a scientific supply



house). Look through it at the light in the room. One orientation will



give a better, wider spectrum than others. This is the orientation the



students need to use to line up the slit with the grating.

c.
Carefully lay the diffraction grating over the paper with a square cut out to



be sure that the diffraction grating is larger than the square.

d.
Pick up the diffraction grating and put glue around the edges of the square



on the paper. Glue the diffraction grating to this square and let it dry.

e.
Tape the card with the slit over one end of the cardboard tube. Be sure



that light cannot sneak into the tube.


f.

Hold the paper with the square and diffraction grating against the opposite end of the cardboard tube. Look through the slit end at a light source and rotate the diffraction grating piece until you observe the best spectrum. Keeping the orientation the same, glue the paper to the end of the tube. Your spectroscope is now complete!
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MANAGEMENT TIPS:
This activity can be used in combination with the activity using prisms to


produce a spectrum of light.

If the students are using the 2” x 2” cardboard diffraction gratings, they should


first look through it at the lamp and then move the grating slightly off to the


side until they can see a spectrum of light. It might help to have them hold a


sheet of white paper behind the grating. It is easier to view the spectrum


against the white background.

Note: The spectrum formed by a grating can not be recombined into white light.
RESPONSES TO

SOME QUESTIONS:
4. 
The colors from the diffraction grating (spectroscope) are brighter, sharper,



and more spread out than those from the prism.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
Like a prism, a diffraction grating is a device that can separate white light into


its component colors. Actually, many devices use the diffraction grating for


this purpose.

If you would like, you can provide the following brief description to students


about what the diffraction grating does. In a diffraction grating, there are about


13,400 lines within a 1” width. Light bends as it passes between the lines and


breaks up into the spectrum. This is called diffraction of light. The light


bends around these lines in the same way that sound bends around doors and


comers.
POSSIBLE EXTENSIONS:
If you are using the spectroscopes, the size of the opening can be varied. Then


the width of the slit can be changed and compared to how the pattern spreads


out. The narrower the slit, the wider each band of color.
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FOCUS ON PHYSICS

THE PRISM AND THE DIFFRACTION GRATING DO THE SAME THING, BUT DIFFERENTLY

This discussion is aimed at the upper level student who has already studied refraction and waves. The purpose is to briefly summarize the main principles underlying the operation of the prism and the diffraction grating.

A spectrum is produced when a beam of white light passes through either a prism or a diffraction grating. However, the explanation for how each of these two devices produces the spectrum of colors is quite different.

The different colors of light correspond to different wavelengths of fight. Red light has the longest wavelength of visible light and violet light has the shortest wavelength. The order of colors, from longest to shortest wavelength, is the following:
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White light from an incandescent lamp or the sun is a mixture of all the different wavelengths or colors of light​

When light passes through a prism, light changes direction (refraction). The shorter the wavelength of light, the greater the change in direction. Therefore, when white light passes through a prism, the different wavelengths (colors) change direction by different amounts and emerge from the prism in slightly different directions. Violet light changes direction the most, while red light changes direction least.

If a screen is placed on the side of the prism where the light emerges, the different colors will strike the screen at slightly different places. This is what causes the spectrum of colors to be seen on the screen. See the sketch below.
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(Note: We have not explained why different wavelengths are bent by different amounts, and in that sense our 1. explanation” is incomplete. At this point, however, we will just have to assume that this is the way the light behaves).

The principle of the diffraction grating has to do with the phenomenon of diffraction. Diffraction is the spreading out of waves when passing through an opening whose width is about the same size as the wavelength of the waves. As an “ample, consider sound waves. A typical sound wave may have a wavelength the width of a door opening. When sound passes through a door opening, the sound spreads out in all directions. It is a common experience that people located at different places in a room can hear a person talking outside the doorway. What happens is that the sound waves from the person pass through the door and spreads out in different directions.

Recall that the wavelength of light is very, very small. Therefore, diffraction of light will not be noticeable unless the light passes through a tiny opening. Such is the case with the diffraction grating. The diffraction grating is made up of a large number of closely spaced “lines.” Light passing between two closely spaced lines spreads out in different directions. Furthermore, the amount of spreading out depends on the wavelength. Different wavelengths of light will spread out by different amounts. Also, the different wavelengths of light correspond to different colors. Hence, when white light passes through the diffraction grating, the different colors will constructively interfere in different locations (see 5C1 and 5C4 of the OPERATION PHYSICS Behavior of Light book). That is why the diffraction grating is able to separate the white light into the spectrum of colors. Spectra formed by a diffraction grating cannot be recombined.
COLOR AND VISION
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WORKSHOP LEADER’S PLANNING GUIDE

MIXING COLORS BY ADDITION

The basic ways of mixing colors are by using additive processes, subtractive processes, or some combination of the two. This section focuses exclusively on processes of color addition. The next section deals with subtractive processes and combinations of the two.

There are three methods of mixing colors by addition: (1) overlapping colored lights on a white surface; (2) placing very small areas of color very close together; and (3) presenting colors in rapid succession. In each case, the eye brain system perceives the additive combination of the individual colors. The primary colors for color addition are red, green and blue.

The mixing of colored crayons or paints is = an additive process, and the familiar rules for mixing these are quite different from the rules for color mixing by addition. This difference presents a major source of confusion for students studying color addition, and the instructor needs to be especially aware of it. One major source of the confusion is linguistic. For example, when describing the process of mixing two crayon or paint colors together, we tend to use an expression like: “We are adding the two colors together.” Unfortunately, the meaning of the word “adding” in this context is quite different from its meaning when used to describe the process of color mixing by addition. Nevertheless, the common usage of the term “adding” may cause students to think of their experiences with crayons and paints when studying the process of color addition.

Naive Ideas:
1.
The rules for mixing color paints and crayons are the same as the rules for mixing colored lights. (4AID, 4CIF)

2.
The primary colors for mixing colored lights are red, blue and yellow. (4A1D, 4C1F)

3.
A colored light striking an object produces a shadow behind it that is the same color as the light. When red light strikes an object, a red shadow is formed. (4A31), 4CIF)

4.
The shades of gray in a black and white newspaper picture are produced by using inks with different shades of gray. (4B2).

A.
DIFFERENT COLORED LIGHTS OVERLAPPING ON A WHITE SURFACE ARE PERCEIVED BY THE EYE‑BRATN SYSTEM AS THE ADDITIVE COMBINATION OF THE INDIVIDUAL COLORS. THE PRIMARY COLORS FOR MIXING BY ADDITION ARE RED. GREEN AND BLUE. COMPLEMENTARY COLORS FOR ADDITION ARE ANY TWO COLORS WHICH. WHEN MIXED ADDTTTVRT,Y. LOOK LIKE WHITE‑

1.
Demonstration/Discussion: What Happens When Colors Of Light Are Mixed?

In this demonstration/discussion, students are introduced to the process of color mixing by addition and learn the simple rules for color addition of lights: R + G = Y, R + B = M, B + G = C, and R + G + B = W. The primary colors for addition are stated to be red, green, and blue. Complementary colors for addition are defined and demonstrated.

If you have sufficient numbers of the light boxes from the Elementary Science Study Optics kit, then you can have parts of this demonstration performed by the students in small groups.
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2. 
Overheads (2): 
1.  Dividing the Spectrum into Three Regions.



2.  Simple Rules for Color Addition.

3. 
Demonstration/Discussion: What Are Colored Shadows?


In this demonstration/discussion, students predict what colors they expect to appear in shadow regions when an object is blocking light from two different colored light sources.

B.
VERY SMALL AND CLOSELY SPACED AREAS OF COLOR (EITHER SURFACES OR LIGHTS) ARE PERCEIVED BY THE EYE‑BRAIN SYSTEM AS THE ADDITIVE COMBINATION OF THE INDIVIDUAL COLORS,

1. 
Activity: What Do Colors On a Color TV Screen Look Like Up Close?


In this activity, students use a magnifying glass to examine colors on a color TV or monitor screen. They infer that the myriad of colors they observe at normal viewing distance result from the additive color mixing of a large number of tiny and closely‑spaced red, green and blue dots.

2. 
Activity: What Do Black and White Newspaper Pictures Look Like Up Close?


In this activity, students use a magnifying glass to look at a set of specially prepared “gray” pictures. They then examine black and white pictures from a newspaper. They discover that the pictures consist of a mosaic of black dots, and that different shades of gray are produced by varying the sizes of the black dots.

C.
COLORED SURFACES OR COLORED LIGHTS PRESENTED IN RAPID SUCCESSION MAY BE PERCEIVED BY THE EYE‑BRAIN SYSTEM AS THE ADDITIVE COMBINATION OF THE INDIVIDUAL COLORS.

1. 
Discussion ‑ Focus On Physics Three Methods For Mixing Colors By Addition.


The two methods previously discussed for mixing colors additively (Ideas A and C) are summarized, followed by a brief discussion of a third method. This involves presenting two colors to the eye in rapid succession. Because of persistence of vision, the eye‑brain system cannot perceive the two colors as separate. Instead, it perceives the additive combination of the two.

2. 
Overhead: Methods Of Color Addition.

3. 
Activity: Mixing Colors on Disks.


In this activity, students make disks to show mixing colors by addition.

COLOR AND VISION
4A1D

WHAT HAPPENS WHEN COLORS OF LIGHT ARE MIXED?

(Demonstration/Discussion)

Materials:
6 colored filters: red, blue, green, yellow, magenta and cyan


3 projectors (filmstrip, slide, or super 8 filmloop)


slide projector (if not included as part of the 3 projectors mentioned above)


slide containing a narrow rectangular slit to insert in slide projector so that a sharp, narrow rectangle of light can be imaged on a screen


screen


good quality diffraction grating (or prism) to cast a bright, widely‑spaced spectrum of colors on 
the screen


2 overheads: “Dividing the Spectrum Into Three Regions” and “Simple Rules For Color Addition.”

The purpose of this demonstration/discussion is to introduce students to the additive mixing of colors. In Part I, you discuss how the spectrum can be divided into three major color regions (blue, green and red). In Part II, you overlap patches of colored lights on the white screen to demonstrate the rules of color addition. In Part III, you focus your discussion on complementary colored lights. Following Part III, are some suggestions on how you can have students perform the second and third parts of these demonstrations in small groups as an activity. The advantage of doing this as a group demonstration, however, is that everyone can view good examples of mixing colors of light.

PART 1: SPECTRUM

1.
Put the “slit” slide into the projector and project the image of the slit on the screen. Put a diffraction grating (or prism) in front of the projector and re‑aim the projector, as necessary, so a bright, widely‑spaced spectrum of colors can be observed on the screen.

2.
Mention that it is convenient to divide the spectrum into three major colored regions. Show the overhead, “Dividing the Spectrum Into Three Regions.” Each region will correspond to approximately one‑third of the spectrum. If the light from the left region was mixed together, it would appear blue. Light from the middle region would appear green. Light from the right region would appear red. Therefore, we can label the three regions as blue, green and red.

3.
Since all the colors in the spectrum originated from white light, it is reasonable to assume that if we mix blue, green and red light together, we might produce white light. We will check this out shortly.

PART II MIXING COLORS BY ADDITION

1 .
To carry out this part of the demonstration, you will need three projectors and the red, green and blue filters.


(Flashlights may be used but these do not produce the same brightness of color, especially for demonstration


purposes). Set up the three projectors on a table (or on three separate carts). Tape a red filter in front of one


projector, the green filter in front of another, and the blue filter in front of the third. You should be able to


control each projector with separate switches. Aim the projectors so the three spots of light on the screen are


adjacent to each other, but do = overlap. (The “shapes” of the spots will depend on what kind of projectors


you are using. Without any slides in the slide projector, or film in the filmstrip or super‑8 projectors, the


11 spots” will be rectangular or square. You can make circular spots by using slide projectors and inserting slides


with circular apertures. The shape of the spots, however, is not crucial to the observations). The room lights


should be dimmed or turned off.

2.
Turn on the red and blue lights. Mention that the red light seen on the screen is actually composed of all the light from the region of the spectrum we called red. Similarly, the blue light is actually composed of all the light from the region of the spectrum we called blue.

3.
Ask the class to predict what would be seen on the screen if the two spots were to overlap. After a brief discussion, partially overlap the two spots. The overlapping area is a new color called magenta. Purple is a form of magenta, but magenta is the correct term.
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Mention to the students that this demonstration is an example of the color addition of lights. Both red light and blue light are striking the same place on the screen at the same time. Both the red light and the blue light are reflecting off the screen and entering your eye. What you perceive then is the additive combination of the two, which we call magenta light.

On the board, write the following:

Red + Blue = Magenta,      or,      in shorthand,       R + B = M

This “color equation” represents one of the simple rules for color addition. It should be read: “red plus blue looks the same as magenta.”

4.
Turn off the red light and tam on the green light. Mention that the green light seen on the screen is actually composed of all the light from the middle region of the spectrum we called green. The blue and green spots should not overlap yet. Ask students to predict what color would result if the two spots were to overlap. After a brief discussion, move one of the projectors so the two spots partially overlap. The region shows a new blue-green color called cyan Write the corresponding color equation on the board:

Blue + Green = Cyan, or B + G = C

This is read: “blue plus green looks the same as cyan.”

5.
Turn off the blue light and turn on the red light again. The red and green spots should not overlap yet. Ask students to predict what color would result if the two spots were to overlap. After a brief discussion, move one of the projectors so the two spots partially overlap. The overlapping region shows the color yellow. Write the corresponding color equation on the board:

Red + Green = Yellow, or R + G = Y
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This is read. “red plus green looks the same as yellow.”

6.
Ask students to predict what they would expect to see if you were to overlap all three colored lights on the screen. That is, Red + Green + Blue = What? During the discussion, if necessary, remind students that they had previously observed that white light can be separated into all the colors of the spectrum.


Turn all the lights on and adjust the projectors so that all three spots of light partially overlap each other. The region where, all three beams overlap should look white, or nearly white. Thus, for color addition:

Red + Green + Blue = White,    or    R + G + B  =  W

That is, “red plus green plus blue looks the same as white.”

7.
If you were able to aim the three projectors properly, then students should observe seven (7) different colored lights on the screen: red, green, blue, yellow, magenta, cyan and white. Show the overhead, “Simple Rules for Color Addition.” Review with the students, the four simple rules for color addition:

R + G = Y

R + B = M

B + G = C

R + B + G = W
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8.
By varying the intensities of the red, green and blue lights, and overlapping combinations of them, you could produce almost any other colored light. Because of this, red, green and blue lights are the primary colored lights for addition.


(In practice, one could use a variac to vary the intensities of each of the three lights. Alternatively, you could move the projector closer or further from the screen. Moving it closer makes the spot of light brighter, moving it farther away makes the spot dimmer. However, the spot of light also changes in size. For example, you might demonstrate that mixing a brighter green with a dimmer red will produce a greenish‑yellow. Alternately, mixing a brighter red with a dimmer green will produce a reddish‑yellow or orange color.

PART III: COMPLEMENTARY COLORS FOR ADDITION

1.
Complementary colors for addition are any two colors that, when added together, look the same as white.

2.
While keeping the three partially overlapping colored spots on the screen, ask students the following questions:


What is the complementary color to yellow? (blue)


What is the complementary color to cyan? (red)


What is the complementary color to magenta? (green)


The students should be able to figure this out by noticing that yellow and blue are on the opposite sides of white. Also, cyan and red are on opposite sides of white. Finally, magenta and green are on the opposite sides of white.

3.
To confirm these predictions, use the yellow, cyan and magenta filters. First, turn off the green light and replace the red filter with the yellow filter. Then overlap the yellow and blue spots of light on the screen and show that the overlapped region is essentially white. Second, put the cyan filter over one of the projectors and aim cyan and red spots of light on the screen. The region of overlap should be white. Finally, use the magenta filter and shine magenta and green lights on the screen. The region of overlap should be white.

4.
There is another way of thinking about complementary colors. let’s consider why the mixing of cyan and red should give white. Return to the overhead, “Dividing the Spectrum Into Three Regions.” Point out that light from the left region (blue) and the middle region (green) together would appear cyan in color (blue + green = cyan). Cyan can be thought of as being composed of light from two‑thirds of the spectrum. The remaining third is red. Thus, when cyan light is added to red light, light from the entire spectrum is included and the result should be white. And that is exactly what we found!


By referring to the same overhead, you can discuss why yellow and blue should give white, and why magenta and green should also give white.

OPINION:   PERFORMING TH1S DEMONSTRATION IN SMALL GROUPS

You might wish students to perform some parts of these demonstrations in small groups. The light boxes from the Elementary Science Study Optics kit would be ideal. They are equipped with red, green and blue masks. One or two mirrors can be used to reflect the beams toward one another. Color mixing occurs where these beams of light cross. Suggest to students that they tip the mirrors toward the table and direct the reflected beam onto the table for better viewing. A piece of white paper on the table will also improve viewing.
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SIMPLE RULES FOR COLOR ADDITION
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RED + GREEN = YELLOW

RED + BLUE = MAGENTA

BLUE + GREEN = CYAN

RED + BLUE + GREEN = WHITE
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WHAT ARE COLORED SHADOWS?

(Demonstration/Discussion)

Materials:
2 projectors or other light sources


A set of red, green and blue colored filters that can be taped to or mounted on lights


An object to cast shadows


A screen or large white piece of cardboard or paper

The purpose of this demonstration/discussion, is to have the students use the simple rules of color addition and their understanding of shadows to predict the appearance of colored shadows. Before the demonstration, you will need to set up two projectors, either on a table or on carts, both aimed at a white screen. The projectors should be well separated, but the large illuminated areas they produce on the screen should mostly overlap. As you work with the shadows, you may need to adjust the spacing of the projectors or how they are aimed. Below is a top view of the arrangement.
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As an object, you could use a book or your hand. If the projectors are far enough from the screen, you could also use either yourself or a student to cast the shadows. It is best if the room lights are dimmed or turned off during the demonstration.

To get the maximum benefit from this demonstration, the students should already understand how shadows are formed and be familiar with the simple rules of color addition.

1.
Before demonstrating colored shadows, you should first review shadow formation with a white light source (See 1C1 and 1C5 in the OPERATION PHYSICS Behavior of Light book). Turn on one of the projectors, producing a large white illuminated area on the screen. Place the object (book, your hand, a person, etc.) between the light source and the screen so that a shadow is cast on the screen. Then turn off the first projector and turn on the second. The shadow should now appear at a different place on the screen from where the previous one had appeared.


Ask the students the following two questions: (1) How is the shadow formed? and (2) Why did the two shadows appear at different places on the screen? After some discussion, and with your guidance, students should understand that the shadow is formed where the object blocks light from the projector from reaching the screen. Furthermore, since the two projectors send their light toward the screen from different directions, the shadows will be formed at different places.
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2.
Turn both projectors off. Put a red filter over one projector and a green filter over the other. With the object in place, ask students to predict what they will observe when the red light (only) is turned on. After some discussion, turn on the red light and show that the screen is illuminated in red light, except where there is a black shadow. Turn off the red light and then turn on the green light showing the screen to be illuminated in green light, except for a black shadow. Point out that the position of this shadow is different from the position of the previous one.

3.
Now ask the students to predict what they will observe on the screen if both the red light and the green light were turned on together. Encourage a good discussion and then demonstrate what happens. The screen should be mostly yellow, except for a “red‑colored” shadow and a separate “green‑colored” shadow.


As the students are observing what actually happens, ask them for an explanation. You should try to guide them to the following ideas. The yellow area on the screen is where the red light and green light are added together. The “red‑colored” shadow occurs at that place on the screen where the green light is being blocked by the object and only the red light is striking the screen. Likewise, the “green‑colored” shadow occurs where the red light is being blocked and only the green light strikes the screen.

4.
Repeat Step 3 twice, first with red and blue filters on the projectors and then with blue and green filters on the projectors. In the first case, the background illumination of the screen will be magenta and the shadows will be “red‑colored” and “blue‑colored.” In the latter case, the background illumination will be cyan and the shadows will be “blue‑colored” and “green‑colored.” Hopefully, by the time you do the first or second of these, students should be successful in their predictions and explanations.

COLOR AND VISION
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WHAT DO COLORS ON A COLOR TV SCREEN LOOK LIKE UP CLOSE?

Materials:
magnifying lens


still picture on a color TV (connected to a VCR), or a color picture on a computer monitor with a



large variety of different colors displayed

1.
From a distance you should be able to observe many different colors on the TV screen. Do you have any ideas about how these colors might be produced?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
2.
Using the magnifying lens, examine the TV screen up close. Describe what you observe.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
3.
Find an area of the TV picture that looks white from normal viewing distance. Examine the white area up close with the magnifying lens. Draw a sketch of what you observe.

4.
The TV screen is composed of a mosaic of tiny phosphor dots (or dashes). Inside the TV, there are beams of electrons that move around and strike the various dots. When struck by the electrons, some of the dots glow red, some glow green (actually a yellow‑green), and some glow blue. When you examine a particular area of the TV screen, you notice that the color dots glow with varying degrees of brightness ‑‑ from very bright to very dim, or possibly, they are not glowing at all.

5.
Following is a table that we would like you to fill in. Listed along the first column, are some of the colors that you can observe on the TV screen at normal viewing distance. Try to locate areas on the screen which have each of these colors.


For each colored area listed, examine that area up close with a magnifying lens. In the second column, record whether the red phosphor dots (or dashes) are BRIGHT, DIM or VERY DIM (almost turned off). In the third column, record whether the green phosphor dots are BRIGHT, DIM or VERY DIM. Finally, in the last column, record whether the blue phosphor dots are BRIGHT, DIM or VERY DIM.


For the last two entries in the first column, add some other colors that you can observe on the screen at a normal viewing distance.

Brightness of Individual Dots Up Close
Color Seen on TV

(BRIGHT, DIM or VERY DIM)

Screen at Normal

Viewing Distance
RED DOTS
GREEN DOTS
BLUE DOTS

WHITE
_______________
_______________
_______________
RED
_______________
_______________
_______________
GREEN
_______________
_______________
_______________
BLUE
_______________
_______________
_______________
YELLOW
_______________
_______________
_______________
BLUE‑GREEN
_______________
_______________
_______________
MAGENTA
_______________
_______________
_______________
6.
Do you see any relationship between the way colors are produced on the TV screen and the rules for color mixing by addition? If so, what is the relationship?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
7.
Why do you think red, green and blue were chosen as the colors of the glowing phosphor dots?


_______________________________________________________________________________________________
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WHAT DO COLORS ON A COLOR TV SCREEN LOOK LIKE UP CLOSE?

IDEA:
PROCESS SKILLS:

A color TV screen is made up of red, green
Observing

and blue glowing dots (or dashes) that mix
Using Spatial Relationships

additively to produce all colors.

LEVEL: U
DURATION: 20 Min.

STUDENT BACKGROUND:
Participants should have seen what happens when red, green, and blue colored


lights overlap in pairs, producing cyan, magenta, and yellow light. This is


one method of color addition or mixing.

ADVANCE PREPARATION:
1
If possible, a VCR should be used (preferably with three or four heads) so



a stable picture with a variety of colors can be viewed. For example, the



color bars on the TV test pattern would be ideal because white, red, green,



blue, magenta, yellow, cyan, and black bars are displayed. In any case,



try to choose a still picture that has most, if not all, of these colors.



Adjust the “color level” and “tint” controls on the TV (or monitor) so that



a white area has brightly glowing red, green, and blue dots, and a yellow



area has brightly glowing red and green dots (with the blue turned off or



glowing very dimly).

2.
If a VCR is not available, or if the still frame is poor quality, then you



will have to let the TV picture run continuously. Students can still



perform the experiment, although it may be more difficult because areas



of the screen may change colors quickly.
MANAGEMENT TIPS:
1.
Unless you have many VCRs available, only a small number of students



(say four) can perform this activity at one time. It would be good to set



up one station (or two, if possible) in one part of the room. Students



who are not working with the VCR, should be working on some other



activity. The following activity, “What Do Black and White Newspaper



Pictures Look Like Up Close?” would be a good complementary activity



to this one.

2.
If you are willing to let students take the magnifying lenses home with



them, then this activity could be assigned as a home project. Most



students have color TVs and VCRs.

3.
The procedure for observing the TV screen should be demonstrated for the



group. Hold the magnifying lens against one eye and position yourself



right up against the TV screen. Then, with the magnifying lens still



held against the eye, slowly move back a short distance from the screen



until you can see the individual colored dots clearly and sharply.

4.
If you do use a VCR with a good quality still frame image, at the end of



the activity, let the students observe the picture up close while it



is changing (no still image). It is quite fascinating to watch the various



dots continuously change their relative brightness.

RESPONSES TO

SOME QUESTIONS:
2.
Up close, you observe large numbers of tiny, closely‑spaced red, green



(actually yellow‑green), and blue dots (or narrow lines) that are glowing



with various degrees of brightness.
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3.
On many TV screens, students will observe a series of thin columns. Each column is made up of dots (or little rectangles) that are either red, green (actually yellow‑green), or blue. In the white area, all of the dots should be glowing brightly.


5.
The entries in the table were recorded by observing the color bars on a TV test pattern. Students may have somewhat different responses because (1) the colors they examined may have slightly different hues or saturations; and (2) judgments of relative brightness are somewhat subjective.


Red Dots
 Green Dots
Blue Dots


White:
Bright
Bright
Bright


Red:
Bright
Very Dim
Very Dim


Green:
Very Dim
Bright
Very Dim


Blue:
Very Dim
Very Dim
Bright


Yellow:
Bright
Bright
Very Dim


Blue‑Green:
Very Dim
Bright
Bright


Magenta:
Bright
Very Dim
Bright


6.
The “rules” for producing colors are the same. The difference is in how the colors are displayed. Previously, the students observed the effects of overlapping colored lights. Here, they observe the effects of tiny colored dots that, up close, appear side‑by‑side.


7.
Red, green, and blue are the primary colors for mixing by addition. By additively mixing various intensities of these three colors, you can produce almost any other color.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION: 
1.
This activity illustrates another method for mixing colors by addition. This method involves placing small dots of color so close together that 
your eye‑brain system cannot resolve then as separate at normal viewing 
distance. Instead, you perceive the additive combination of the separate 
colors. In the other method used to demonstrate color addition, colored 
lights are overlapped on a screen. Your eye‑brain system processes both 
colored lights together and you perceive the additive combination.


2.
The separate colored dots of red, green and blue combine to make up all of the colors that can appear on a TV screen.

POSSIBLE EXTENSIONS:
1.
In “pointillist” paintings, small dabs of different color paints were placed



near one another. At normal viewing distance, you perceive the additive



combination of the separate dabs of color.

2.
Colored pictures that are printed in newspapers and magazines are actually



made up of a very large number of tiny dots of color. Color printing will



be studied in detail in the activity, “How are Colors Produced in Color



Printing?” (Section IV, “Mixing Colors by Subtraction”). Students will



learn that color printing uses both additive and subtractive methods to



produce colors.

3.
Point out or show that when glass cleaner is sprayed on the TV screen,



the drops form a magnifying lens and the dots ran be seen.

COLOR AND VISION
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WHAT DO BLACK AND WHITE NEWSPAPER PICTURES LOOK LIKE UP CLOSE?

Materials:
black and white pictures from newspaper


magnifying lens

1.
Below are four rectangles that vary in lightness from light gray to black. Examine these rectangles closely with the magnifying lens. Explain how the different shades of gray are produced.

[image: image39.png]PROJECTOR PROJECTOR






______________________________________________________________________________________________


______________________________________________________________________________________________


______________________________________________________________________________________________


______________________________________________________________________________________________

2.
Examine the black and white newspaper picture, first from normal reading distance, and then up close with the magnifying lens. Describe how the picture looks up close.


______________________________________________________________________________________________


______________________________________________________________________________________________

3.
Describe what differences you observe in the lighter and darker areas of the picture when viewed through the magnifying lens.


______________________________________________________________________________________________


______________________________________________________________________________________________

COLOR AND VISION
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WHAT DO BLACK AND WHITE NEWSPAPER PICTURES LOOK LIKE UP CLOSE?

IDEA:

PROCESS SKILLS:

Different shades of gray in a black and

Observing

white newspaper picture are printed by

Using Spatial Relationships

using different sizes of black dots.
LEVEL: U

DURATION: 20 Min.

STUDENTBACKGROUND:
None.

ADVANCE PREPARATION:
Choose newspaper pictures that have a wide variation of lightness


(shades of gray).
MANAGEMENT TIPS:
At the beginning of the activity, before distributing the materials, ask


the students how different shades of gray are printed in a black and


white newspaper picture. Elicit their comments without judgment.


Then begin the activity.

RESPONSES TO

SOME QUESTIONS:
1.
The various shades of gray are produced by printing dots of



varying size. The lighter grays are printed with smaller dots; the



darker grays are printed with larger dots.

2.
Up close, the newspaper picture is made up of a large number of



closely‑spaced black dots.

3.
The lighter areas are made up of smaller dots of black; the darker



areas are made up of larger dots of black.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
1.
The newspaper printer only has one kind of black ink to use for



printing. Therefore, to print different shades (lighter and darker



areas), the printer prints different sizes of black dots. Where the



picture is to be darker, the dots are larger (and more closely​



spaced). Where the picture is to be lighter, the dots are smaller



(and farther apart). Areas meant to be very dark are printed in



solid black ink without any dots.

2.
The perceived shade of gray is the additive combination of the



black from the dots and the white paper showing through.



Where the dots are smaller, more white paper shows through, and



the additive combination appears as light gray. Where the dots



are larger, less white paper shows through and the additive



combination is a much darker gray.

POSSIBLE EXTENSIONS:

COLOR AND VISION
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MIXING COLORS ON DISKS

Materials:
construction paper (various colors)
scissors


cardboard or poster board
oak tag board (white)


push pins
markers (various colors)


pencils with full erasers
string


drawing compasses or circular templates

1
Cut out at least two disks from construction paper of different colors. Also cut out a cardboard or posterboard disk to serve as a backing for the colored disks. Each disk should be about 15 cm in diameter. Cut a thin slot in each colored disk from the outside to the center, along a radius. This will allow you to slide the disks over each other, overlapping the colors as much as you want


Predict what color you will see when the disks are spun together.


______________________________________________________________________________________________


Mount the disks on a long pencil with a full eraser using a plastic push pin (bulletin board Lack) through the center of the disks and then through the center of the eraser. Hold the pencil in one hand and spin the disks with the other.


What color did you see when the disks were spinning?


______________________________________________________________________________________________

2.
Color with markers a small white oaktag disk about 10 cm in diameter.


Predict what color you will see when the disk is spun.


______________________________________________________________________________________________
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Mount the disk on a string as shown in the diagram below. Wind up this apparatus by holding one end of the string in one hand and the other end of the string in the other hand. Move your hands in circles so the disk rotates around the string. Then pull the strings taut, and watch the disk unwind.


What color did you see when the disk was spinning?


___________________________________________________________


___________________________________________________________

3.
List some other objects whose colors mix when they are spun.


______________________________________________________________________________________________


______________________________________________________________________________________________

COLOR AND VISION
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IDEA:
PROCESS SKILLS:

If a disk is spun fast enough, the colors on 
Observing

the disk will appear mixed.

Predicting
LEVEL: LIU

DURATION: 20 Min,
STUDENT BACKGROUND:
Understand ideas in the Focus on Physics section 4C2F

ADVANCE PREPARATION:
Assemble materials.
MANAGEMENT TIPS:
Mounting the disks on an electric drill will give faster


rotation and better color mixing.

It is best to illuminate the disks with a bright light source.

The colors you observe may not be very bright or saturated


because construction paper and markers colors are often not


very bright or saturated. Try using home‑made or


commercially made fluorescent‑colored disks for better


results.
RESPONSES TO

SOME QUESTIONS:
3. 
Crepe paper or other decorations on bicycle wheels.

COLOR AND VISION
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FOCUS ON PHYSICS

THREE METHODS FOR MIXING COLORS BY ADDITION

(Discussion)

In this discussion, we will summarize what is meant by mixing colors by addition and review the two methods that were used to illustrate the process. There is also a third method that will be mentioned. The illustration, “Methods of Color Addition,” should be referred to during the following discussion.

When the eye receives light from two colors together, the eye perceives the additive combination of the two colors. For example, suppose a red light shines on a screen, and suppose a green light also shines on the same place on the screen. If you look at that place on the screen, then both the red light and the green light will be reflected into your eye. Your eye‑brain system will then perceive the additive combination of these two colors, which is yellow. You will not see the individual red and green colors, only the additive combination, yellow.

In previous demonstrations and activities, you learned some simple rules for color addition. You learned what color the eye‑brain system will perceive when two or three of the primary colored lights enter your eye at the same time. These rules are summarized in the following color equations:

R + G = Y

R + B = M

B + G = C

R + G + B = W.

You also learned a second method in which colors can be mixed together additively. When the eye views small dots of different colors that are very close to one another on a piece of paper, the eye‑brain system may not be able to resolve (identify) the individual dot colors. Instead, it perceives a single color from that place on the paper which is the additive combination of the individual colors of the dots. For example, a mosaic of closely spaced green and blue dots may be seen as a cyan colored region when the eye is at normal viewing distance.

In addition to overlapping colored lights, and presenting very small and closely‑spaced areas of color, there is a third method of mixing colors additively. The principle is the following: Suppose you are looking at a blue colored paper and then you look at a green colored paper and then back again at the blue colored paper, and so forth. If you switch between looking at the blue and green papers fast enough, your eye‑brain system cannot distinguish the separate colors. Instead, you will perceive the additive combination of the two. However, for this to occur, the switching must be quick.

One way that this so‑called “additive mixing in time” can be accomplished is by using spinning disks. Suppose you have a disk that is half blue and half green (see the illustration). If this disk is spun fast enough, the entire disk will appear to be cyan in color.
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WORKSHOP LEADER’S PLANNING GUIDE

MIXING COLORS BY SUBTRACTION

This section discusses the attributes of color, the simple rules for color subtraction, and examples of color mixing that use either subtractive processes or both additive and subtractive processes. The color of lights and objects can be described in terms of three attributes: hue, saturation, and brightness or lightness.

In the subtractive color mixing process, colored substances (filters, inks, dyes, and paints) absorb or subtract some colors from light, and transmit or reflect what is left. The subtractive primary colors are magenta, cyan, and yellow. Overlapping pairs of these three colors will produce the additive primaries: red, green, and blue.

The rules for overlapping colored filters, mixing printing inks, and mixing watercolor‑based paints are good approximations to the subtractive rules mentioned above. Color printing for producing magazine and newspaper pictures uses both additive and subtractive processes. The rules for mixing pigment‑based paints can be quite complicated because they depend on the properties of the pigment particles, the medium in which the particles are immersed and the support on which the paints are placed. Furthermore, the artist uses a different set of primary colors (red, blue, and yellow) than the subtractive primaries (magenta, cyan, and yellow).

The color that an object appears depends on the properties of the illuminating light and the properties of the object, as well as the properties of our visual system. Virtually, all of the colors that we see are based on the subtractive process.

Naive Ideas:
1.
When white light passes through a colored filter, the filter adds color to the light. (5B1, 5B2D, 5C1)

2.
The different colors appearing in colored pictures printed in magazines and newspapers are produced by using different inks with all the corresponding colors. (5C3, 5D1, 5D2)

3.
The mixing of colored paints, crayons, and pigments follow the same rules as the mixing of colored lights. (5E1F)

4.
The primary colors used by artists (red, yellow, and blue) are the same as the primary colors for all color mixing. (5E1F)

5.
Color is a property of an object, and is independent of both the illuminating light and the receiver (eye). (5F1, 5F2D, 5F3)

6.
White light is colorless and clear, enabling you to see the “true” color of an object. Colored light is darker than white light and makes objects appear darker. (5F1, 5F2D, 5F3)

7.
When a colored light illuminates a colored object, the color of the light mixes with the color of the object. (5F1, 5F2D, 5F3)

A .
COLORED LIGHTS CAN BE DESCRIBED IN TERMS OF THREE ATTRIBUTES: HUE, SATURATION AND BRIGHTNESS, COLORED OBJECTS CAN BE DESCRIBED IN TERMS OF HUE, SATURATION AND LIGHTNESS,

1. 
Discussion ‑ Focus On Physics: The Attributes of Color.


The three attributes of color ‑ hue, saturation, and brightness (or lightness) ‑ are discussed.


This activity focuses on two main ideas: (1) a printed colored picture actually consists of a myriad of tiny colored dots which fuse together when viewed from a distance; and (2) the perceived color of the print results from both subtractive and additive mixing of the colored dots.
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E.
THE MIXING OF COLORED PAINTS INVOLVES BOTH ADDITIVE AND SUBTRACTIVE PROCESSES. PREDICTING THE RESULTING COLOR IS COMPLICATED BECAUSE IT DEPENDS ON THE PHYSICAL PROPERTIES OF THE PAINT.

1. 
Discussion ‑ Focus On Physics: The Mixing Of Paints and the Artist’s Primaries.


The simple subtractive rules for combining filters can be applied readily to mixing water colors and printers inks. When mixing pigment‑based paints, however, the resultant color depends on factors such as the size, type and density of the pigment particles, the properties of the medium in which the particles are immersed, and the properties of the support on which the paints are placed. Artists use red, blue and yellow as their primary colors.

F.
THE COLOR AN OBJECT APPEARS DEPENDS BOTH ON THE COLOR OF THE ILLUMINATING LIGHT AND THE PROPERTIES OF THE OBJECT,

1. 
Activity: How Do Objects Appear When Illuminated By Colored Lights?


Students observe how different pieces of construction paper appear under different colors of illumination.

2. 
Demonstration/Discussion: What Is the Color Of That Object?


In this demonstration/discussion, students first make predictions about how red and green pieces of paper might appear when illuminated with white, red or green light. After the appropriate observations are made, the instructor discusses with the class how to explain the observations. The dyes in the papers act like filters.

3. 
Activity: How Do Objects Appear When Viewed Through Colored Filters?


Students view red, green, and blue pieces of paper through each of six different colored filters. In activity 5F1, colored light was incident on the colored papers and the reflected light traveled to the student’ s eye. In this activity, white light is incident on the colored papers, and the reflected light passes through a filter before entering the student’s eye.

COLOR AND VISION
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FOCUS ON PHYSICS

THE ATTRIBUTES OF COLOR

(Discussion)

When a beam of white light is sent through a prism (or a diffraction grating), the emergent colors observed on a screen are known as the colors of the spectrum. Although adjacent colors merge gradually into one another and there are no well‑defined boundaries between colors, for simplicity we usually describe the spectrum as consisting of several adjacent bands of colors: red, orange, yellow, green, blue, and violet. (Even within each band, there are variations in the appearance of the colored light. For example, in what we might call the “blue” region of the spectrum, the light varies from bluish‑green to blue to bluish‑violet).

When describing colored lights and colored objects, it is convenient to base the description on three different color sensations or attributes. For colored lights, these attributes are hue, saturation and brightness. For colored surfaces, the attributes are hue, saturation, and lightness.

The hue of a color corresponds to the main color or color name. This is the color sensation by which you distinguish one part of the spectrum from another. Examples are blue, bluish‑green, red, reddish‑orange, etc.

Saturation refers to the purity of the color, the sensation by which you distinguish a hue as being rich or pale, or strong or weak. For example, scarlet is a highly saturated red, while pink is a red of low saturation. Colored lights from the spectrum have the highest saturation. White light with no noticeable hue has the lowest saturation.

‘Mere is another way of thinking about the hue and saturation of a color. To understand this, we will discuss a specific example. Suppose you have a colored light and you want to know something about its hue and saturation. Let’s call the colored light “alpha.” (We don’t want to give it a common color name because that would already identify its hue). Now, there is an experiment you can do in which you can match the appearance of “alpha” by additively mixing white light with a single colored light from the spectrum. By “matching,” we mean that with the appropriate mixture of white light and spectral light, the hue and saturation of the mixture would look the same as the hue and saturation of “alpha.”

Under these circumstances, you can think of the hue and saturation of “alpha” in the following way. The hue of “alpha” would be the same as the special color required for the mixture. The saturation of “alpha” would correspond to the relative amount of spectral light in the matching mixture of spectral light plus white light. In other words, the greater the relative amount of spectral light needed for the mixture, the higher the saturation. The smaller the relative amount of spectral light needed in the mixture, the lower the saturation.

For example, suppose we looked at a sample of “pink” light. We would find that we could match pink light by mixing a small amount of spectral red light with a relatively large amount of white light. We would then say that the hue of the pink light was red and that it had a low saturation.

The brightness of a light refers to the sensation of overall intensity of the light. It can vary from dim to bright. When one is looking at a surface, however, a different term is used, namely lightness. The lightness of a surface is related to the percentage of incident light reflected by the surface. The greater the percentage of light reflected from a colored surface, the lighter the surface will appear.

Various schemes have been developed over the years to specify colors. Color specification schemes are particularly useful in the clothing and textile industry. Two of the most popular systems are the Ostwald system and the Munsell system. In each system, each colored sample is assigned a unique set of numbers which correspond, more or less, to what we have referred to as the hue, saturation, and lightness of the color. (The actual terms used in the various systems are sometimes different, but the concepts are the same).
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FOCUS ON PHYSICS

NAMING COLORED LIGHTS AND COLORED OBJECTS

(Discussion)

Before discussing the methods of color subtraction and the perceived colors of objects, it is important to clarify some basic assumptions we make about naming the color of light sources and the color of objects.

We name the color of a light source by what color we perceive when looking either directly at the source, or at a white screen illuminated by the source. For example, we would call a light source “red” if‑ (1) we look directly at it and it looks red; or (2) we shine the light on a white screen and the illumination appears red.

We name the color of an object according to the color we perceive when the object is illuminated with white light. Thus, a “green object” means that when white light illuminates the object, it appears green in color. (As you will see later, the “color” that the object appears to be will change if the object is illuminated by colored light).
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WHAT DO COLORED FILTERS DO?

Materials:
set of colored filters (red, blue, green, yellow, cyan, and magenta)


flashlight


piece of white paper

1.
Pick up one of the filters and hold it against the face of the flashlight. Turn on the flashlight and aim the beam at the white paper. Describe the color of the patch of colored light on the white paper.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
2.
The color name that we give to a filter is the same as the color of the patch of light we observe on a white piece of paper when white light is shone through the filter. What is the color of the filter you used in Step I?


_______________________________________________________________________________________________
3.
Repeat Steps 1 and 2 for all of the other filters you have. What are the colors of the other filters?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
4.
How do you think a filter works, i.e., what does a filter do to the white light to produce the colored light?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
5.
For the next part of the experiment, you will observe how different patches of colored light appear when viewed through different colored filters. You need to work in pairs. One student should hold the red filter in front of the flashlight so that a patch of red light can be seen on the white paper. The other student should close one eye and hold the green filter in front of the other eye.

6.
Compare the brightness of the patch of “red” light when viewed through the green filter with the patch of “red” light when viewed without the green filter. Is it equally as bright, dimmer, or much dimmer?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
7.
Following is a table. Along the six rows, are the six different colored patches of light that you can produce on the paper by shining the flashlight through the appropriate filter. (For example, the red patch of light can be produced the same way you did it in Step 6). Across the columns, are the names of the six filters.

Inside each entry, you are to compare the brightness of the patch of light when viewed through the corresponding filter with the patch of light when viewed without the filter. To make your entries easy to read, we suggest that you use the following words for your comparisons:

Write “BRIGHT” when the patch of colored light viewed through the corresponding filter is about as bright as the patch of colored light when viewed without the filter.

Write “DIM” when the patch of colored light viewed through the corresponding filter is somewhat dimmer than the patch of colored light viewed without the filter.

Write “VERY DIM” when the patch of colored light viewed through the corresponding filter is very much dimmer than the patch of colored light viewed without the filter.

In the first row and second column entry, include your observation from Step 6. In order to observe a colored patch of light through a filter with the same color name (for example, a red patch of light viewed through a red filter), you will need to borrow the appropriate filter from a neighboring group.
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Relative Brightness of Patch

Viewed Through Colored Filter


Color of Patch 
Color of Filter

  of Light
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8.
Are the observations you have made in Step 7 consistent with your explanation for how a filter works, which you wrote in Step 4? If so, describe some evidence from your entries in the table that support your explanation. If your data does not seem to support your original explanation, how might you change your explanation to be more consistent with your observations?


_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________
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WHAT DO COLORED FILTERS DO?

IDEA:
PROCESS SKILLS:

A colored filter is named by the color of
Observing

light it passes when placed in a beam
Interpreting Data

of white light. The filter works by removing

certain colors from the incident light.

LEVEL: L/U


DURATION: 30 Min.
STUDENT BACKGROUND:
This is an introductory activity to introduce colored filters to those


students who may not have used them.
ADVANCE PREPARATION:
Each student group would need to be given a set of six colored filters.


The size of each filter should be at least as large as the opening of the face


of the flashlight.
MANAGEMENT TIPS:
When filling out the entries in the table, the student looking through the


filter needs to compare the relative brightness of the patch of colored light


seen on the paper with and without the filter over his or her eye. The


student may also observe that the apparent color of the patch of light may


change when viewed through the various filters. If students mention it to


you, you should acknowledge it, but don’t make a big point of it here.


This will be discussed in the activity, “Do Objects Always Appear the


Same Color?”

There will also be some uncertainty expressed by students in deciding


between BRIGHT, DIM, or VERY DIM. Just encourage them to do the


best that they can.

RESPONSES TO

SOME QUESTIONS:
2. 
The colors of the filters are red, green, blue, yellow, cyan, and



magenta. Students will probably not use the terms cyan or magenta



for the last two filters. They may use blue‑green or turquoise for the



cyan, and purple for the magenta. This is fine, but you should also



suggest that they use the other terms so we can all use the same



names.

3.
Same as number two, above.

4. 
One of the more popular responses will be that the filter adds its



color to the incident light. This is probably a reasonable response at



this point. Hopefully, the students will realize that their



observations in Step 7 do not support this view.

6. 
The patch of red light viewed through the green filter appears much



dimmer than the patch viewed without the filter.

7. 
The following represent reasonable responses. Many of these are



“judgment calls.” Therefore, students’ entries may differ somewhat.
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CHARACTERISTICS OF COLORED FILTERS


(Demonstration/Discussion)

Materials:
set of six colored filters: red, blue, green, yellow, cyan, and magenta


slide projector


slide containing a narrow rectangular slit to insert in slide projector so that a sharp, narrow



rectangle of light can be imaged on a screen


screen


good quality holographic diffraction grating (or prism) to cast a bright, widely‑spaced



spectrum of colors on the screen



PART I

1.
The purpose of this part of the demonstration is to help students realize that a filter removes or subtracts certain colors of light from the incident light. We name the filter by the color of the light that is transmitted through the filter, assuming that white light is incident on the filter.


Put the “slit” slide into the projector and project the image of the slit on the screen. Put a diffraction grating (or a prism) in front of the projector and re‑aim the projector, as necessary, so that a bright, widely‑spaced spectrum of colors can be observed on the screen.

2.
Mention to the students that to simplify our discussion of the characteristics of filters, we will think of the spectrum as being divided into three major color regions. Each region will correspond to approximately one third of the spectrum. These regions will, more or less, appear as red, green, and blue.

3.
To show students what the filters do, you should now place each filter, one at a time, in front of the projector. For each filter, students should observe what specific region(s) of the spectrum are missing. They can then infer that the filter must have removed, or subtracted out, that region of color from the incident white light. The results listed below were obtained using the six filter set from Edmund Scientific.


With the red filter in front of the projector, both the green and blue regions of the spectrum are missing. Therefore, we assume that the red filter subtracts out green and blue light.


With the green filter in front of the projector, both the red and blue regions of the spectrum are missing. Therefore, we assume that the green filter subtracts out red and blue light


With the blue filter in front of the projector, all of the red region and about half of the green region of the spectrum are missing. Therefore, we assume that this blue filter subtracts out red light and some green light. (If we had a more “ideal” blue filter, it would subtract out the red light and the green light, and transmit only the blue light).

With the yellow filter in front of the projector, the blue region of the spectrum is missing. Therefore, we assume that the yellow filter subtracts out blue light. For this reason, some people refer to a yellow filter as a “minus blue” filter.

With the cyan filter in front of the projector, most of the intensity of the red region of the spectrum is missing. Therefore, we assume that the cyan filter subtracts out red light. Some people refer to a cyan filter as a “minus red” filter.


With the magenta filter in front of the projector, most of the intensity of the green region of the spectrum is missing. Therefore, we assume that the magenta filter subtracts out green light. The magenta filter, therefore, is sometimes known as a “minus green” filter.

4.
Colored filters have a dye impregnated in the plastic that absorbs certain colors of light. Thus, the way that the filters “subtract out” the colors is by absorbing them.
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PART II

1.
The purpose of this part of the demonstration/discussion is to show how one can use simple color equations to predict what colors result when certain other colors are subtracted from incident white light.

2.
Begin by reviewing the simple rules for color addition:

R+G=Y

R+B=M

B + G = C

R+G+B=W


Then review complementary colored lights They are two colored lights which add together to produce white fight.

Yellow and blue are complementary colored lights. Cyan and red are complementary colored lights. Magenta and green are complementary colored lights.

3.
Show students how to use the simple color equations to describe subtraction of colors. For example, if you start with white light and subtract out (take away or remove) the blue, what color remains?


R + G + B   =    W



            ‑ B                - B



R + G
   =    W    - B



                   =    Y


Since R + G = Y, then we can conclude that if we subtract blue light from white light, we get yellow light. We have already seen in Part I that a yellow filter has the property of subtracting blue light from the incident light.

4.
Ask students to use the color equation method to predict what would happen in the following two situations.

(a)
What colored light do you get if you subtract red light from white light? What filter has this property?

R + G + B  = W

     ‑ R
              - R
                       G + B  =  W  - R   = C


Therefore  the answer is cyan light. A cyan filter has the property of subtracting red from the incident light.

(b)
What colored light do you get if you subtract green light from white light?

R + G + B  =  W

           - G                  - G

                R     +    B  =  W  - G  =  M

Therefore, the answer is magenta light. A magenta filter has the property of subtracting green from the incident light.

5.
We can summarize our results in the following way: if white light is incident on a filter, the filter subtracts out its complimentary color. Thus:

A yellow filter subtracts blue

A magenta filter subtracts green

A cyan filter subtracts red
A blue filter subtracts red and green (yellow)

A green filter subtracts red and blue (magenta)

A red filter subtracts blue and green (cyan)
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WHAT HAPPENS WHEN YOU OVERLAP COLORED FILTERS?

Materials:
yellow, cyan, and magenta colored filters


piece of white paper


bright overhead light

1.
Look through the yellow filter at the white paper. The paper should be yellow in color. Then look through the cyan filter at the paper, and finally, look through the magenta filter at the paper.

2.
Place the magenta filter and the yellow filter together and look through the combination at the paper. Describe the color you see.


_______________________________________________________________________________________________

Reverse the order of the filters and look through the combination. Describe the color you see.


_______________________________________________________________________________________________
3.
Place the magenta filter and the cyan filter together and look through the combination at the paper. Describe the color you see.


_______________________________________________________________________________________________

Reverse the order of the filters and look through the combination. Describe the color you see.


_______________________________________________________________________________________________
4.
Place the cyan filter and the yellow filter together and look through the combination at the paper. Describe the color you see.


_______________________________________________________________________________________________

Reverse the order of the filters and look through the combination. Describe the color you see.


_______________________________________________________________________________________________
5.
Overlap all three filters and look through the combination at the paper. Describe what you observe.


_______________________________________________________________________________________________

_______________________________________________________________________________________________

Change the order of the combination and describe what you observe.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
6.
If two or more filters are overlapped, does the final color transmitted depend on the order in which the light passes through the filters?


_______________________________________________________________________________________________
7.
Borrow enough filters from neighboring groups so you have four filters of the same color (any color will do).

8.
Overlap two of the identical filters on top of one another and look through the combination. Then look through a combination of three identical filters, and finally four identical filters. Describe how the transmitted color changes as you look through more and more identical filters placed on top of one another.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
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WHAT HAPPENS WHEN YOU OVERLAP COLORED FILTERS?

IDEA:
PROCESS SKILLS:

Light passing through overlapping pairs of
Observing

magenta, cyan, and yellow filters produce the
Inferring

additive primary colors red, green, and blue.

LEVEL: L/U
DURATION: 15 Min.

STUDENT BACKGROUND:
Students should know that the additive primary colors of light are red, green,


and blue. They should also have been shown the demonstration 5B2,


“Characteristics of Colored Filters,” and should have worked through the


activity 5B I, “What Do Filters Do?”

ADVANCE PREPARATION:

MANAGEMENT TIPS:
The students could look through the filters directly at the light source. The


reason we suggest they look through the filters at the white paper is because


they will get better results for Step 5. There they should note that when all


three filters are combined, very little light gets through. Depending on the


filters used, if they were to look directly at the light source, however, they


would observe some light getting through and it may have a color.

RESPONSES TO

SOME QUESTIONS:
2. 
Red, reddish‑orange, or orange.


3.

Blue or blue‑violet.


4.
Green.


5.
Very little light gets through.


6.
If two or more filters are overlapped, the final color transmitted does not depend on the order in which the light passes through the filters.


8.
Overlapping identical filters reduces the brightness of the transmitted light (or reduces the lightness of the observed paper) and usually increases its saturation.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION: 
1.
The colored f filters are not “perfect.” The yellow filter doesn’t subtract out all of the blue, the cyan filter doesn’t subtract out all of the red, and the magenta filter doesn’t subtract out all of the green. If they did, then in 
Step 5, absolutely no light would get through.


Assuming “ideal” filters (those which absorb all of the appropriate colors), we can summarize the results of the activity as follows:


White light through combined yellow and magenta filters gives red light.


White light through combined magenta and cyan filters gives blue light.


White light through combined yellow and cyan filters gives green light.


White light through combined cyan, magenta and yellow filters gives no light.


2.
The order in which the light passes through the filters does not affect the color light that gets through. For example, white light through a magenta filter and then a cyan filter produces blue light. White light through a cyan filter and then a magenta filter also produces the same blue light.


3.
Overlapping more and more identical filters produces colors that (usually) have greater saturation and lower brightness (or lightness). We would obtain the same effect if we had used a single filter that was either thicker or had a greater density of impregnated dye.

POSSIBLE EXTENSIONS:

COLOR AND VISION
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FOCUS ON PHYSICS

DIAGRAMS FOR DESCRIBING COLOR SUBTRACTION

(Discussion)

In this brief discussion we will focus on describing what happens when light is sent through two colored filters. We will assume in all cases below that we start with white light.

1.
Consider overlapping a yellow filter and a cyan filter. Recall that the yellow filter subtracts blue light and the cyan filter subtracts red light. We can represent what happens with the following color subtraction diagram:
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Do NOT describe this process by writing down an equation of the form: yellow + cyan = green. To do so might tend to make one think that there is an additive process at work here when there is not. Instead, what is happening is a subtractive process. If you want to write down what happens in words, then you should write the following: White light through a yellow filter, then through a cyan filter, produces green light. It takes longer to write, but it avoids confusion.


A word about terminology. When we overlap the yellow and cyan filters, it might seem convenient to say that we are “mixing” yellow and cyan. However, we must be careful because the process is one of color subtraction, not color addition. It is better to say that we are “subtractively mixing” yellow and cyan, or just use the term overlapping filters.”

2.
Ask your students to make a similar diagram for what happens when light passes, first through a yellow filter, and then through a magenta filter. Then, have them draw a diagram for the case where light passes first through a cyan filter and then through a magenta filter.


Acceptable diagrams are shown below:

[image: image43.png]WHITE CYAN BLUE

(R+G+B) G+B - B

-R -G

CYAN FILTER MAGENTA FILTER
(Subtracts RED) (Subtracts GREEN)




COLOR AND VISION
5C2F

FOCUS ON PHYSICS

DIAGRAMS FOR DESCRIBING COLOR SUBTRACTION  -  2
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3.
Now ask what happens when white light passes through a yellow filter, then a cyan filter. and then a magenta filter. The “diagram” would look like this:
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4.
The filters contain dyes that have the property of absorbing certain fractions of the different colors. By making yellow, cyan, and magenta filters with different densities of dyes and overlapping various combinations of them, you could start with white light and produce almost any color. In this sense YELLOW, CYAN, and MAGENTA are known as the primary colors for color subtraction.

COLOR AND VISION
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HOW ARE COLOR SLIDES AND COLOR PHOTOGRAPHS MADE?

Materials:
magenta, cyan, and yellow filters


graphic color keys from a commercial printer

1.
Lay the magenta, cyan, and yellow filters on a piece of white paper so that they do not overlap. Predict which two filters you would need to overlap so that when you look through the combination at the white paper underneath, you will see blue.


_______________________________________________________________________________________________

Predict which two overlapping filters will give you red.


_______________________________________________________________________________________________

Predict which two overlapping filters will give you green.


_______________________________________________________________________________________________
2.
Test your three predictions by lifting up the filters about 15 cm above the white paper and then looking through them. Make changes in your written predictions if you find they are wrong.

3.
Explain what it means to say that yellow, cyan, and magenta are the primary colors for mixing filters (or dyes).


_______________________________________________________________________________________________

_______________________________________________________________________________________________
4.
In color slides or photographs, light passes through filters (dyes) before reaching our eyes. What colors of dye do you think might be used in color film?


_______________________________________________________________________________________________
5.
Commercial printing firms use GRAPHIC COLOR KEYS to show their customers what their magazine or other color pictures will look like before they are printed. Look at a color key. It has four separate plastic sheets that can be laid down one at a time on the white backing. First lay down each separately. Describe the color of each sheet.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
6.
Now overlap the sheets two at a time, but DO NOT USE THE BLACK SHEET AT THIS TIME. Fill in the following table with the colors you see in the overlapping sheets.



COLORS OF THE TWO 
COLORS PERCEIVED IN THE


INDIVIDUAL SHEETS
OVERLAPPING SHEETS


_________________________
_________________________


_________________________
_________________________


_________________________
_________________________

Explain why these colors appeared in the overlapping sheets.


_______________________________________________________________________________________________
7.
Now lay all three colored sheets down (WITHOUT THE BLACK) and describe all the different colors that you see.


_______________________________________________________________________________________________
8.
Add the black and see how it changes. Describe what the addition of black does to the picture. (In another activity we will see how black is added in the process of printed colored pictures in magazines and newspapers. It is not needed in color film processing).


_______________________________________________________________________________________________

_______________________________________________________________________________________________
9.
Color slides and color prints made from negatives have three layers of dyes, one on top of another. What do you suppose are the colors of these dyes?


_______________________________________________________________________________________________
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HOW ARE COLOR SLIDES AND COLOR PHOTOGRAPHS MADE?

IDEA:
PROCESS SKILLS:

Light passing through overlapping pairs of
Observing

magenta, cyan and yellow filters produces
Predicting

the primary additive colors: red, green, and

and blue.

LEVEL: U
DURATION: 20 Min.

STUDENT BACKGROUND:
Students should be familiar with the simple rules for color mixing by


subtraction.
ADVANCE PREPARATION:
Graphic Color Keys (sometimes called intermediate color keys) can be obtained (usually free of charge) from commercial printers. They are used as part of the process of printing a colored scene on paper (like for a magazine or newspaper). There are usually four of them ‑‑ cyan, magenta, yellow, and 
black. Each of them is made from a photograph taken of the original scene that is to be printed.

As an example of how the color keys are made, consider the cyan color key.


The process begins by photographing the original scene with a red filter in 
front of the camera. The film will therefore record the relative amount of red 
light present in the scene. The film is developed with cyan dye. Less cyan 
dye is deposited at those places where there had been more red light reaching 
the film, and more cyan dye is deposited at those places where there had been 
less red light reaching the film. The final cyan‑colored transparency is the 
color key. The density of cyan dye represents an inverse record of the amount of red light in the original scene.

In a similar way, the magenta color key is produced from a photograph of the original scene, taken with a green filter in front of the camera. To produce the 
yellow color key, a blue filter was used in front of the camera. The black color key was produced without a filter. 
When obtaining the color keys, try to get ones that have separate magenta, cyan and yellow (MCY), and black (B) sheets on white paper. Some firms 
overlay the MCY on the black record. You will need to retape them so that each color is fastened on a different side. That way each can be laid down separately. Careful registration is important to get the final picture to look right.
MANAGEMENT TIPS:
If the color keys are not available, have the students do Steps 1‑4 only.


If only one set of color keys is available, do Steps 5‑9 as a demonstration using an overhead projector. You need to use the type of overhead in which the lamp bulb is in the base of the projector, underneath the stage on which you place the transparencies.

RESPONSES TO

SOME QUESTIONS:
2. 
Overlapping cyan and magenta filters give blue; overlapping yellow and  
magenta filters give red; and, overlapping cyan and yellow filters give green.


3. 
It means that most other colors can be produced by overlapping suitable combinations of the primary colors yellow, cyan and magenta.


4. 
Yellow, cyan, and magenta dyes.


5. 
Magenta, cyan, yellow, and black.


7.
All three laid down will give a full color picture. Because of inadequacies 
in the dyes, the picture is a little “washed out” or “muddy.”


8. 
The addition of black adds contrast.


9. 
Magenta, cyan, and yellow.

POINTS TO EMPHASIZE IN
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THE SUMMARY DISCUSSION: 1.
By overlapping different densities of magenta, cyan, and yellow dyes, almost any color can be produced. Black dye is not needed for color reproduction in photographs and slides because overlapping magenta, cyan and yellow dyes will produce an adequate black. (Black is used, however, in color printing).


2.
It is recommended that you demonstrate, or have students carry out, the following activity mentioned under “Possible Extensions.”

POSSIBLE EXTENSIONS:
Have participants look at their color keys first against the white background (the procedure outlined in this activity). Ibis is the situation for color 
photographs. Light goes through the filters, reflects off the white paper and 
back through the filters again. Then have them look at white light through the three sheets of the color keys. This is the situation for color slides. Light goes through the filters once
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HOW ARE COLORS PRODUCED IN COLOR PRINTING?

Materials:
graphic color keys


“Sunday comics’’ (colored pictures)


colored picture from magazine


magnifying lens


while paper


tape

1.
Lay down the black and white color key on a piece of white paper. Examine the color key up close with a magnifying lens. Does the picture seem to be printed with areas of solid black ink or with dots of black ink?


_______________________________________________________________________________________________
2.
Examine the lighter gray and darker gray areas of the picture up close with the magnifying lens. Describe what differences you see in the lighter and darker areas of the picture.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
3.
Remove the black and white color key, and lay down the cyan color key on the white paper. Note areas of lighter and darker cyan. Examine these areas up close with the magnifying lens. How are these lighter and darker areas printed?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
4.
Also examine the magenta and yellow color keys up close with the magnifying glass. Are they also printed with varying densities of dots?


_______________________________________________________________________________________________
5.
Try overlaying the four color keys on top of each other in as close to perfect alignment as you can. Tape them together at the top to a piece of white paper. We suggest that you put the black and white color key on the bottom, then lay the yellow on top. This should be followed by the magenta color key and then the cyan.

6.
When the four color keys are aligned and taped in place, examine the combined picture up close with the magnifying lens. Notice that in some areas the colored dots from the different color keys appear side by side, while in other areas, dots from different color keys seem to lay on top of one another.

7.
The colors you see in the composite picture result from both additive and subtractive processes. Fill in the appropriate words (color addition or color subtraction) in the following sentences:

a.
Where the dots from the different color keys overlap, the color of the resultant dot is due to

b.
Where the dots lie side by side, the color observed at normal viewing distance (without the magnifying lens) is due to _______________________.
8.
Put the color keys aside and examine the colored pictures from the Sunday comics. Use the magnifying lens and look for parts of the pictures that seem to be printed with solid areas of colored ink (not dots). What are the colors of these areas? (Find as many as you can).


_______________________________________________________________________________________________
9.
Find other areas where colored dots seem to be printed on just the white paper, not on top of any other color. What are the colors of these dots? (Find as many different colors as you can).


_______________________________________________________________________________________________
10.
How many different colored inks do you think are used in the printing of the colored pictures? ___________________
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What are the colors of the inks used?


_______________________________________________________________________________________________
11.
See if you can find regions of lighter and darker cyan (or, if you can not find those, then lighter and darker magenta). How are the fighter and darker areas printed differently?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
12. 
Find an area that is orange in color. The printing of orange involves both subtractive and additive processes. Carefully explain how these two processes are involved.


_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________
13. 
Put the Sunday comics aside and examine the color magazine pictures carefully with the magnifying lens. Compare and contrast the printing of the magazine pica= with the printing of the Sunday comic pictures.


_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________
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HOW ARE COLORS PRODUCED IN COLOR PRINTING?

IDEA:
PROCESS SKILLS:

The subtractive primary colors are magenta,
Observing

cyan, and yellow. Color printing uses both
Communicating

additive and subtractive processes.
LEVEL: L/U
DURATION: 30 Min.

STUDENT BACKGROUND:
Students should be familiar with the primary colors for color addition (R, B, 
and G) and the primary colors for color subtraction (Y, M, and C). They 
should know that when they observe tiny dots of different colors next to one another, their eye‑brain system may mix the colors additively. They should 
have worked through the activity, “What Do Black and White Newspaper Pictures Look Like Up Close?” in the “Mixing Colors by Addition” section of this book.
ADVANCE PREPARATION:
1.
The color keys are described in the “Advance Preparation” section of the teachers’ notes to the activity, “How Are Color Slides and Color



Photographs Made?” If the color keys are not available, you will have to skip steps 1‑8.

2. 
The colored pictures from the Sunday comics are ideal because 1) they 
usually include areas of solid color ink (black, magenta, yellow, and cyan); and 2) the individual dots are easy to see. (What makes the colored 
comics low in printing quality makes them of high pedagogical value). Try to give each group of students enough pictures so they include both 
dark and light cyans (or magentas) and at least one area that is orange.

3. The color picture from a magazine should be of high quality.

RESPONSES TO

SOME QUESTIONS:
1.
Although some areas may appear to be solid black, most of the areas are composed of tiny black dots.


2.
In the fight gray areas, the black dots are smaller. In the dark gray areas, the dots are larger.


3.
The situation is the same as with the black dots.


4.
Yes.


7.
The area where the dots from the different color keys overlap the color of the resultant dot is due to color subtraction. The area where the dots lay 
side by side, the color observed at normal viewing distance (without the 
magnifying lens) is due to color addition.


8.
Yellow, cyan, magenta, black, and perhaps red, green, and blue. The 
latter three colors are produced by overlapping two of the first three colors. (The students’ samples may not include all of these).


9.
Yellow, cyan, magenta, and black. It is possible for some students to identify red, green or blue dots. (The students’ samples may not include all of these).


10. 
Four different colored inks are used: yellow, cyan, magenta, and black.


11.
In the lighter cyan (magenta) areas, the cyan (magenta) dots are smaller and more white paper shows through. In the darker cyan (magenta) areas, the cyan (magenta) dots are larger, and less white paper shows through.
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12.
One method of printing orange would be the following: (1) print a solid yellow area; and (2) print magenta dots on top of the yellow background. The magenta dots on top of the yellow will produce red colored dots by color subtraction. The red dots and the yellow seen between the dots will then be combined additively by the eye to perceive orange.


13.
Similarities: they both print most of the colors using dots, and the ink colors are yellow, cyan, magenta, and black.



Differences: the magazine print uses a much finer mesh of small dots, and there are probably no solid areas of colored ink in the magazine picture.

POINTS TO EMPHASIZE IN 
THE SUMMARY DISCUSSION: 
Following is a brief discussion of the color printing process:


1.
Printers use four different colored inks to print their colored pictures. The four inks are usually magenta, cyan, yellow, and black. Overlapping various combinations of these four inks on white paper win produce only the following eight colors: white, black, yellow, cyan, magenta, red, blue, and green. The saturation and lightness of these colors would be determined by the properties of the inks used in their printing.


2.
In magazines and newspapers, different saturations of color and different brightness of color cannot be accomplished by using different thicknesses of ink. Printing presses are only able to lay down a uniform thickness. To allow colors to appear lighter and darker, and with some range of saturation to produce colors other than the eight listed above, each picture is actually printed as a mosaic of tiny dots.


3.
The tiny dots are usually yellow, magenta, cyan, or black (since these are the colors of the four different inks used). Where a part of the picture is to appear lighter and less saturated, the dots are printed smaller and more of the white background of the paper shows through. Where a part of the picture is to appear more saturated, the dots are printed larger. The highest degree of saturation is achieved by printing a solid region of the colored ink. To make an area appear darker (lower lightness), black dots are usually added.


4.
Where two or more dots overlap, additional colors are produced by color subtraction. (The dots act like tiny filters). For example, where yellow and magenta dots overlap, red is produced. Where dots are adjacent to one another, additional colors are produced by color addition (since the eye brain system cannot resolve the separate colors of the dots). For example, if a large dot of overlapping yellow and magenta (= red) is next to yellow, the eye will perceive an orange color.

POSSIBLE EXTENSIONS:
Have students choose an area of the picture that is not one of the colors of the


printing inks, examine the area with the magnifying lens, and try to explain


how the perceived color is printed. This was done in step 12 for the orange


color in the Sunday comics.
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FOCUS ON PHYSICS

THE MIXING OF PAINTS AND THE ARTIST’S PRIMARIES

(Discussion)

Water colors and printer’s inks are both transparent, and the rules for “mixing” colors of either type are similar to the rules for “mixing” color filters. For example, mixing yellow water color and cyan water color on white paper will produce a green color. Similarly, overlapping yellow printer’s ink on top of cyan printer’s ink on white paper will produce green.

The “rules” for mixing pigment‑based paints are not so simple. The usual rules for color subtraction are a good starting point for predicting what happens when these paints are mixed, but only as an approximation. The processes are more complicated than with pure inks and dyes because paint consists of tiny solid particles in a transparent medium. The particles either have their own color (pigment) or are clear with a dye added. The size and density of particles significantly effect the final result, as does the properties of the transparent medium and also the support on which the paints are laid. When white light strikes the painted surface, the individual particles, the transparent medium and the support can affect the light in complicated ways. Thus, it is very hard to make exact predictions ahead of time. Usually, an artist works with some simple rules to get started, then “experiments” with the colors until he or she ends up with the desired color.

Although we have mentioned that cyan, yellow, and magenta are the primary colors for color subtraction, artists actually use blue, yellow, and red as their primary colors. The artist can mix these colors in various proportions and produce most other colors. Equal mixtures of two of these at a time give rise to the secondary colors: blue and yellow give green, yellow and red make orange, red and blue make violet. When a primary color and its secondary color are mixed together, the result is a gray that is not entirely achromatic, but has some hint of hue. This gray seems to the artist to be “richer” and more suitable for paintings than one which is truly devoid of hue.

COLOR AND VISION
5F1

HOW DO OBJECTS APPEAR WHEN ILLUMINATED BY COLORED LIGHT”?

Materials:
red, green and blue colored filters

color box


envelope containing pieces of colored construction paper


flashlight or lamp

1.
One person should begin as the recorder and the other the viewer.

2.
“Me room should be darkened. The recorder places a red filter   over the hole on top of the box and then removes a piece of construction paper from the envelope and places it inside the box (without the viewer seeing it). The piece of construction paper is placed so that it receives light only through the hole covered with the red filter.
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3.
The recorder writes the color of construction paper in the first column in the table and then shines the light through the colored filter at the construction paper inside the box.

4.
The viewer makes a prediction about the color to be observed. Then viewer lifts up the flap and looks through the viewing window peep hole and describes the color of the construction paper to the recorder. The flap is again closed. The description is written down in the table under “red light” column.

5.
The recorder now removes the red filter at the top of the box and replaces it with the blue filter. The flashlight is aimed through the blue filter and the viewer looks through the peep hole at the same piece of construction paper at the bottom of the box. The viewer makes prediction about the color to be observed. Then the viewer describes the color of the paper and this is written down in the table in the “blue light” column.

6.
Step 5 is now repeated with the green filter placed on the top of the box. The viewer’s prediction and description of the color of the paper are recorded in the table.

7.
The recorder then takes the construction paper out of the box and shows it to the viewer.

8.
The viewer and the recorder now change places and Steps 2‑7 are repeated with a different pi= of construction paper from the envelope placed secretly into the bottom of the box. The experiment then continues with the partners alternating roles of recorder and viewer until all six pieces of construction paper from the envelope have been investigated and the entire table has been completed.
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HOW DO OBJECTS APPEAR WHEN ILLUMINATED BY COLORED LIGHT”?   2
	Data Table I

	
	
	
	

	What Colors Do You Think You Will See?

	
	
	
	

	Actual Color
	How Paper Appears Under

	of Paper
	Red Light
	Blue Light
	Green Light

	_____________
	_____________
	_____________
	_____________

	_____________
	_____________
	_____________
	_____________

	_____________
	_____________
	_____________
	_____________

	_____________
	_____________
	_____________
	_____________

	_____________
	_____________
	_____________
	_____________

	_____________
	_____________
	_____________
	_____________

	_____________
	_____________
	_____________
	_____________


	Data Table II

	
	
	
	

	What Colors Do You See?

	
	
	
	

	Actual Color
	How Paper Appears Under

	of Paper
	Red Light
	Blue Light
	Green Light

	_____________
	_____________
	_____________
	_____________

	_____________
	_____________
	_____________
	_____________

	_____________
	_____________
	_____________
	_____________

	_____________
	_____________
	_____________
	_____________

	_____________
	_____________
	_____________
	_____________

	_____________
	_____________
	_____________
	_____________

	_____________
	_____________
	_____________
	_____________


COLOR AND VISION
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HOW DO OBJECTS APPEAR WHEN ILLUMINATED BY COLORED LIGHT?

IDEA:
PROCESS SKILLS:

The apparent color of an object depends on
Observing

the color of the light shining on the object
Predicting

and the colors that are reflected (or absorbed)

by the object.

LEVEL: L/U
DURATION: 30 Min.

STUDENT BACKGROUND:
Participants should understand how color filters work. They should also be


familiar with the additive primary colors; red, green, and blue and the


subtractive primary colors; magenta, cyan, and yellow.
ADVANCE PREPARATION:
1.
To make the color box use a shoe box or other box of similar size. Paint



or I line the inside of the box with white paper.
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2.
Cut out a hole in the top of the box. The size of this hole should be



large enough to accommodate the filters being used but not larger than the



filters. No unfiltered room light should enter the box through this hole



when a filter is in place.

3.
Along one side of the box, cut out a small window to act as the viewing



peep hole. Attach a paper flap which can be lifted for viewing.

4.
The larger the filter used, the brighter the construction paper piece will



appear. Cut pieces of brightly colored construction paper and put a set of



6 in an envelope for each group. Good colors to use are: 1) red, 2) green,



3) dark blue, 4) yellow, 5) sky blue (cyan), and 6) magenta. White and



gray would also be interesting.
MANAGEMENT TIPS:
1.
The recorder must make sure that the viewer does not know the color of



the construction paper chosen. (The paper should be put in the box



without letting the viewer see it).

2.
Try to position the students so that light from a window (or other source)



does not enter through the peep hole when it is opened for viewing.


3.
More than one person can be a “viewer.” This activity could work with groups of 3 to 4 as well.
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HOW DO OBJECTS APPEAR WHEN ILLUMINATED BY COLORED LIGHT?   2
POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:

The perceived color of the paper depends both on the color of the light that shines on it and the colors absorbed by the dyes in the paper.



For example, when the red filter is used, only red light passes through it. If the light strikes the red construction paper, the light will be reflected and the paper will be seen as red. If green paper is used, the red light will be absorbed and little or no light will reflect off the paper. The paper then will look dark and muddy colored.

POSSIBLE EXTENSIONS:
Use cyan, magenta and yellow filters in addition to the red, green, and blue ones.


In this case, for example, when white light passes through a cyan filter, both green


and blue light strike the paper. If the paper is blue, it looks blue (green is


absorbed). If the paper is green, the paper looks green (blue is absorbed). If the


paper is red, it absorbs both green and blue and looks black. When with light


passes through a magenta filter, both red and blue light strike the paper. With a


yellow filter, both red and green light will strike the paper.

COLOR AND VISION
5F2D

WHAT IS THE COLOR OF THAT OBJECT?

(Demonstration/Discussion)

Materials:
large pieces of red and green construction paper taped to a sheet of white cardboard. The red paper



should be on the left and the green paper on the right.


projector


red and green filters


tape
1.
The purpose of this demonstration/discussion is to help students begin to understand that the color an opaque object appears to be depends both on the illuminating light and a property of the surface of the object. It is important that students come into class with an understanding of the following idea: If you are looking at an object that is illuminated with a light source, it is assumed that light travels from the light source to the object, reflects off the object, and then travels into your eye.

2.
Begin by taping the sheet of white cardboard (with the colored papers) to a wall. Darken the room and illuminate the cardboard with a beam of white light from the projector. Ask students the following question: “When I shine white light on these papers, the left paper appears red and the right paper appears green. What makes these papers appear the color they do?”


Turn on the room lights and elicit responses from the students, but don’t judge them yet. One idea that might emerge is that the color of the paper is a property of the paper and that white light is colorless itself and lets the color of the paper show through. After a brief discussion, continue with the next part of the demonstration.

3.
Now ask the students the following question: “Suppose I turned off the room lights and shined red light on the cardboard. What will the two pieces of paper look like? Explain your thinking.” (Don’t do the demonstration yet).


Elicit responses from the students. If they had performed the previous activity, “How Do Objects Appear When Illuminated by Colored Light?”, they should know that under red light illumination the left (red) piece of paper will look red, and the right (green) piece of paper will look black. They may not, however, have a good understanding of why. This would be a good opportunity to collect their ideas.


After sufficient time, turn off the room lights, put the red filter in front of the projector, and perform the demonstration. Students will observe that the paper on the left looks red, and the paper on the right looks black.


You can then build on the students’ ideas to construct a simple explanation for the first two demonstrations. The main components of a reasonable explanation follow.

a.
For simplicity, let’s assume that all of the colors of the spectrum can be divided into three equal parts: red, green, and blue. White light, then, consists of the red, green, and blue parts.

b.
The red colored paper contains dyes that absorb light from all parts of the spectrum, except the red part. The green colored paper contains different dyes that absorb light from all parts of the spectrum, except the green part.

c.
When white light illuminates the two papers, the left paper absorbs light from the green and blue parts of the spectrum, and reflects the red light. That is why the paper on the left appears red.

d.
When white light illuminates the two papers, the light on the right absorbs light from the red and blue parts of the spectrum, and reflects the green light. That is why the paper on the right appears green.

e.
When red light illuminates the two papers, the paper on the left reflects the red light, appearing red, while the paper on the right absorbs (almost) all the red light. Since very little light is reflected to your eye from the paper on the right, it will appear very dark ‑‑ black.
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WHAT IS THE COLOR OF THAT OBJECT?   2
(Demonstration/Discussion)

4.
To see if the students understand the main ideas you mentioned, continue with the last part of the demonstration. Ask the following question: “Suppose I turned off the room lights and shined green light on the cardboard. What will the two pieces of paper look like? Explain your thinking.”


Elicit predictions and explanations from students. Ile students should predict that now the paper on the left will appear black and the paper on the right will appear green. The “correct” explanation should be similar to that outlined above, except for step e. The last part of the explanation should be similar to the following:

f.
When green light illuminates the two papers, the paper on the left absorbs (almost) all of the green light, and reflects essentially no light to your eye, and therefore, will appear black. The paper on the right reflects the green light to your eye and will appear green.


After engaging the students in discussion, turn off the room lights, put a green filter in front of the projector, and demonstrate what actually happens. (The paper on the left appears black, and the paper on the right appears green).

5.
Review the main idea arising from this demonstration. The color that an opaque object appears depends on two main factors. First, it depends on the composition of the illuminating light, i.e., what parts of the spectrum are contained in the light. Second, the apparent color of an object depends on which parts of the spectrum the surface absorbs and which parts if reflects.


The surface of the object can be thought of as a filter. The surface subtracts out (absorbs) certain colored components from the incident light and reflects the rest. The composition of the light reaching your eye from the object will determine the apparent color of the object.

COLOR AND VISION
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HOW DO OBJECTS APPEAR WHEN VIEWED THROUGH COLORED FILTERS?

Materials:
six colored filters: red, green, blue, yellow, cyan, and magenta


small pieces of red, blue, and green construction paper, each about 2 “ square


sheet of while paper


tape

1.
Tape the red, green, and blue pieces of colored construction paper to the sheet of white paper so that they are well separated from each other.

2.
Close one eye and hold the red filter in front of the other eye. Look through the red filter at each of the three pieces of construction paper, one piece at a time. When viewing each piece, hold the filter so that you can see half of the piece through the filter, and the other half of the piece without the filter.


How does the appearance of the red piece of paper viewed through the red filter compare to its appearance when viewed without the red filter?


How does the appearance of the green piece of paper viewed through the red filter compare to its appearance when viewed without the red filter?


_______________________________________________________________________________________________

_______________________________________________________________________________________________

How does the appearance of the blue piece of paper viewed through the red filter compare to its appearance when viewed without the red filter?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
3.
Following is a table. Along the first column are the names of the six filters that you have available. Along the top row, are the names of the three pieces of colored construction paper you have taped to the white sheet of paper


You are to fill out this table one row at a time, by recording how each of the three pieces of construction paper appears when viewed through each of the colored filters. You have already done this for the red filter. Use your data from step 2 to fill in the top row next to the red filter entry. Then continue with the rest of the table.


(Suggestion: If a piece of paper viewed through the filter appears to be very dark and without any noticeable hue, then refer to it as appearing “black”).

	How Does Each Piece of Construction Paper Appear?

	
	
	
	

	
	Paper

	Filter
	Red
	Green
	Blue

	Red
	 
	 
	 

	Green
	 
	 
	 

	Blue
	 
	 
	 

	Yellow
	 
	 
	 

	Cyan
	 
	 
	 

	Magenta
	 
	 
	 


4.
You may have noticed that the green paper appears “black” when viewed through the magenta filter. Explain how this happens.

_______________________________________________________________________________________________

_______________________________________________________________________________________________
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HOW DO OBJECTS APPEAR WHEN VIEWED THROUGH COLORED FILTERS?

IDEA:
PROCESS SKILLS:

The apparent color of an object depends
Observing

on the illuminating light, the properties of
Replicating Procedures

the object, and what happens to the

reflected light en route to the eye.

LEVEL: U
DURATION: 30 Min.

STUDENT BACKGROUND:
Participants should understand how color filters work. They should also be 
familiar with the additive primary colors: red, green, and blue, and the 
subtractive primary colors: magenta, cyan, and yellow.

ADVANCE PREPARATION:

MANAGEMENT TIPS:
Remind students that when judging the appearance of each colored paper 
viewed through the filter, they should hold the filter so that they see about half 
of the colored paper through the filter and the other half they see without the 
filter. This makes it easier to notice differences in the appearance of the paper.

RESPONSES TO

SOME QUESTIONS:
3. 
There will not be universal agreement on what to call the apparent colors 
of the papers viewed through the filters because many of the judgments 
are somewhat subjective. This will be especially true when the colored 
paper appears very dark through the filter. Some students will say that it 
appears “black,” while others will call it a dark version of the original 
color. The entries in the following table should be considered possible 
responses, and you should not expect students to have the exact same ones.

	How Does Each Piece of Construction Paper Appear?

	
	
	
	

	
	Paper

	Filter
	Red
	Green
	Blue

	Red
	red
	black
	black/dark blue

	Green
	black
	green
	black/dark blue

	Blue
	black/dark red
	dark green
	blue

	Yellow
	red
	yellowish green
	dark green

	Cyan
	black
	dark green
	blue

	Magenta
	red/maroon
	black
	bluish-purple



In the demonstration, “Characteristics of Colored Filters,” students observed that the blue filter was not “ideal.” That is, instead of transmitting only blue and absorbing the red and green, the actual blue filter transmitted both blue light and some green light. We can also assume that the blue construction paper used in this activity reflects blue and some green light. These comments will help explain some of the observations in the table.


4.
The explanation is summarized in the third item under “Points to Emphasize in the Summary Discussion.”
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HOW DO OBJECTS APPEAR WHEN VIEWED THROUGH COLORED FILTERS?   2
POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION: 
1.
The perceived color of the paper is determined by the composition of the light from the paper that reaches your eye. In this activity, white light was incident on each colored paper. The paper reflected certain components of the incident light and absorbed the rest. The light that was reflected then traveled to the filter. The filter absorbed certain components of that light and transmitted the rest. This final transmitted light then entered your eye. .


2.
The responses in the table do not always represent the responses that we would have predicted based on the simple rules of color subtraction. The reason for this is that the transparent filters are not “ideal” filters. They don’t absorb all of the colored light they are supposed to absorb; some of it is transmitted. The colored papers are also not pure colors. They each reflect some other colors in addition to the color that gives the paper its name. The discussion on the previous page under the table provides an explanation for some of the non‑predicted observations.


3.
In some cases, however, the responses in the table do correspond to what we would have predicted, based on the simple rules of color subtraction. In these cases, the “non‑ideal” characteristics of the filters or papers are not that significant. For example, consider looking at the green paper through the magenta filter. The green paper has the property of reflecting the green component of the white light (and absorbing the red and blue components). The magenta filter has the property of transmitting the red and blue components of the light and absorbing the green component. Therefore, when the green light reflected from the paper travels to the filter, almost all of it will be absorbed by the filter, and very little will be transmitted. Because very little light, if any, will reach your eye from the paper, it will appear dark gray or black.

COLOR AND VISION
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WORKSHOP LEADER’S PLANNING GUIDE

COLOR PERCEPTION

In this section, the emphasis is on what happensaf= the light enters the eye and is interpreted by the eye‑brain system, resulting in the perception of color. “Me trichromatic model of color vision is introduced as a simple model to explain some of the phenomena that has been investigated in this Color and Vision book. (The model is actually incomplete. The process of color vision is more complicated than can be explained in terms of just the trichromatic model). The interesting phenomena of negative afterimages is then investigated. The section ends with an activity showing that color can be perceived with white light illuminating a black and white picture.

Naive Ideas

Color perception involves only the properties of the objects being observed, and not the properties of the eye‑brain system. (All of Section VI addresses this idea).

A.
THERE ARE THREE DIFFERENT TYPES OF CONES, EACH RESPONDING TO LIGHT FROM A REGION OF THE SPECTRUM, WHEN LIGHT FROM AN 011,IF(‑T STRIKES THE RETINA. THE RELATIVE RESPONSES OF THE THREF TYPES OF CONES DETERMINES OUR PERCEPTION OF THE COLOR OF THE OBJECT.

1. 
Discussion ‑ Focus On Physics: How We See Color.


This is a discussion of the trichromatic model of color vision. The perception of color results from the relative responses from three different types of cone cells.

2. 
Overheads (2):
a. Relative Response of the Cone Cells As a Function of Color.



b. Relative Responses of the Cone Cells As a Function of Wavelength.


The second overhead is provided for those situations in which the students are familiar with the wavelength nature of light. In that case, you should show both overheads, and perhaps distribute copies of the second overhead to the students. (The Focus on Physics section, “How We See Color,” contains a copy of the first overhead). If students have not studied waves, it may be best to avoid using the term “wavelength.” ‘Me first overhead uses the term “spectral color” instead of “wavelength.”
B.
EXCESSIVE EXPOSURE TO LIGHT REDUCES THE RFSPON9ES OF THE CONES. AND GIVES RISE TO THE PHENOMENON OF NEGATIVE AFTERIMAGFS.

1. 
Activity: What Are Afterimages?


Students observe several afterimages using colored pieces of paper. (Actually, what is observed in this activity is known as a “negative” afterimage because the color of the afterimage is complementary to the color of the original stimulus).

2. 
Discussion ‑ Focus On Physics: Explaining Negative Afterimages.


The trichromatic model of color vision is used to explain the existence of negative afterimages.

C.
COLOR CAN BE PERCEIVED WHEN WHITE LIGHT ILLUMINATES A BLACK AND WHITE OBJECT,

1. 
Activity: What Colors Do You See When the Disk Spins?

Students view a black and white Benham disk. Many will perceive colors when the disk spins.

COLOR AND VISION
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FOCUS ON PHYSICS

HOW WE SEE COLOR

(Discussion)

1.
The retina contains specialized cells that are sensitive to light. When light from some scene enters the eye and is imaged on the retina, the light‑sensitive cells absorb some of the light. The absorption of light by these cells initiates a series of electrical impulse signals that move from the light‑sensitive cells along a pathway to the visual cortex region of the brain. The processing of the signals in the brain results in our perception of the light.

2.
There are two types of light‑sensitive cells on the retina. They are called the rods and the cones. The rods are only functional under dim light conditions like, for example, the conditions outside at night. When rods absorb light, the only information sent to the brain concerns the intensity of the light. We receive no information about the colors of objects from the rods.


The cones are most functional under bright light conditions; they do not function very well under dim light conditions. When cones absorb light, the. information sent to the brain contains information that enables us to perceive both the intensity and the color of the light.

3.
There are three different types of cone cells. Each type of cone cell absorbs light from a different part of the spectrum. For example, one type of cone cells will absorb a large fraction of light in the violet and blue part of the spectrum, but will absorb very little light in the remaining part of the spectrum. Therefore, when blue light enters the eye and strikes this type of cone cell on the retina, there will be a large response ‑ a large signal transmitted to the brain. On the other hand, if red light struck this type of cone, there would be almost no response. We will call this type of cone cell a “blue‑sensitive” cone. Following is a sketch of a curve showing the relative response of the “blue‑sensitive” cone as a function of the spectral color of the light striking it.


In addition to the “blue‑sensitive” cones, there are two other types of cones, which we call the “green‑sensitive” cones and the “red‑sensitive” cones. Their responses as a function of spectral color are also shown in the following sketch. Note that what we refer to as the “green‑sensitive” cones actually respond to a wide range of spectral colors, not just green. We use the terms “green‑sensitive” and “red‑sensitive” mainly for convenience.
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4.
The cone cells are very small and there are several million of them concentrated in the central region of the retina (called the reveal. When we want to see an object, we usually turn our eyes to look directly at the object. This ensures that the image of the object will fall on that part of the retina where there are the greatest concentration of cones. Furthermore, light from the object will strike a very large number of each of the three different types of cones.

COLOR AND VISION
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FOCUS ON PHYSICS

HOW WE SEE COLOR  -  2
(Discussion)

5.
Our perception of color will depend on the relative responses (signals) from the three types of cones. For example, white light consists of all the spectral colors. If white light enters the eye and strikes the retina, all three cone types will respond equally. Actually, to perceive white light, we do not need to have all the colors of the spectrum present. All we have to do is ensure that the light that enters the eye causes (approximately) equal responses in all three cones. This is what happens in the case of the addition of complementary colors, as explained below.


Recall that when you studied color mixing by addition, you learned that blue light plus yellow light resulted in white light (thus blue and yellow were complementary colored lights). We can understand why this happens by referring to the curves above. If blue light and yellow light strike the same place on the retina, the “blue-sensitive” cones will give a large response from the blue light and very little response from the yellow light. The “green‑sensitive” cones and the “red‑sensitive” cones will both give nearly equal large response from the yellow light, and a much smaller response from the blue light. Also, the individual responses of the “red-sensitive” and “green‑sensitive” cones to both the yellow and blue lights each have about the same strength as the response of the “blue‑sensitive” cones to the blue light. Therefore, the net effect will be approximately equal responses from the three cone types, and you will perceive the mixture as white light.


Let’s now consider another example of how our perception of colors depends on the relative responses from the three cone types. Notice from the curves on the previous page that spectral yellow light would cause nearly equal large responses from the “green‑sensitive” and “red‑sensitive” cones, and a small response from the “blue-sensitive” cones. When the brain receives this kind of information from the cones (nearly equal large responses from the “red‑sensitive” and “green‑sensitive” cones, and a small response from the “blue‑sensitive” cones), you will always perceive the color “yellow.”


What happens when you additively mix green light with red light? The green light will cause a large response from the “green‑sensitive” cones and a smaller response from the “red‑sensitive” cones. The red light will cause a small response from the “green‑sensitive” cones and a large response from the “red‑sensitive” cones. The net effect will be nearly equal responses from both the “green‑sensitive” and “red‑sensitive” cones (with a small response from the “blue‑sensitive” cones). As implied in the last sentence of the previous paragraph, this information will then be interpreted by your brain as “yellow.” This is the reason why you perceive yellow light when you additively mix red light and green light.


We have seen, therefore, that your brain can interpret light as “yellow” in two different cases: (1) when the light is pure spectral yellow light, and (2) when the light is an equal mixture of red and green.

6.
Our assumption that color perception results from the relative responses of the three cone types is known as the trichromatic model of color vision. Unfortunately, the process of color vision is actually much more complicated than the trichromatic model assumes it to be. However, although the trichromatic model is incomplete, it is fairly easy to understand. Furthermore, it can be used to provide simple explanations for most of the phenomena that we have observed in this unit on Color and Vision.

7.
One final point needs to be made. This discussion emphasizes that the perception of color results from processes that occur in the eye‑brain system after light enters the eye and strikes the retina. The light itself is not colored. Light is just a form of energy that can travel through space. Only after light reflecting off some object enters your eye, will you perceive the color of the object.

COLOR AND VISION
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RELATIVE RESPONSE OF THE CONE CELLS

AS A FUNCTION OF COLOR
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RELATIVE RESPONSES OF THE CONE CELLS AS A FUNCTION OF WAVELENGTH
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	Range of Wavelengths
	Perceived 

	of Spectral Light
	Color

	nm
	 

	400 - 430
	Violet

	430 - 480
	Blue

	480 - 570
	Green

	570 - 590
	Yellow

	590 - 640
	Orange

	640 - 700
	Red
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WHAT ARE AFFERIMAGES?

Materials:
picture of black ghost


afterimage dot picture


white paper (8 112 “ x 11


dark color of crayons


black paper (8 112 “ x 11


2 “ x 2 “ colored squares ‑ red, blue, yellow, and green


colored crayons or pencils

1.
Stare at the picture of the ghost. Count slowly to 30. Look at the sheet of white paper. Do you see something? Describe what you see.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
2.
What you see is called an afterimage. Have you ever had this kind of experience before?


_______________________________________________________________________________________________

Can you describe it?


_______________________________________________________________________________________________

_______________________________________________________________________________________________
3.
Look at the afterimage dot picture. Stare at it and count to 20. Describe what you see.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
4.
Draw a picture of a fish and color it dark blue. Stare at your fish for 30 seconds. Look at the picture of the fish bowl. Do you see a fish? What color is it in the bowl?


_______________________________________________________________________________________________
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5.
Place the pieces of black and white paper on a table in front of you, a few inches apart.

COLOR AND VISION
6B1

WHAT ARE AFFERIMAGES?   2
6.
Put the red square on the middle of the black paper. Stare at the red square as you slowly count to 30. Then quickly shift your eyes to the white paper. Describe what you see on the white paper.


_______________________________________________________________________________________________

_______________________________________________________________________________________________

What you see against the white paper is called an afterimage. Write the color of the afterimage in the third column of the table below.

7.
Suppose you replaced the red square with a blue square. Predict the color of the afterimage you would see and write your prediction in the second column of the table below.


Now actually try it! Stare at the blue square for a count of 30 and then look at the white sheet. Write the color of the afterimage you perceive in the third column of the table.

	Color
	Predict Color
	Observed Color

	of Square
	of Afterimage
	of Afterimage

	Red
	 
	 

	Blue
	 
	 

	Yellow
	 
	 

	Green
	 
	 


8.
Predict the color of afterimage you would perceive if you stared at the yellow paper. What if you stared at the green paper? Write your predictions in the second column above.


Test your predictions by doing the two experiments. Write your observations in the third column above.


Check your observed colors for the four afterimages with other students in the class.

9.
By looking at your data table, try to infer a general relationship between the color of an object and the color of its afterimage.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
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AFTERIMAGE DOT PICTURE

Stare at the black dots while slowly counting to twenty. Do you notice anything?
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WHAT ARE AFTERIMAGES?

IDEA:
PROCESS SKILLS:

When a cone responds to a particular color
Observing

for a long time, it becomes less responsive
Inferring

to the same color for a short time afterwards.
LEVEL: L/U
DURATION: 15 Min.

STUDENT BACKGROUND:
Students should have some knowledge about the function of the cone cells in


the retina. They should also know the primary colors for color addition (R, G


and B) and about complementary colors.
ADVANCE PREPARATION:
Each group should have a ghost picture, a dot picture, one piece each of black


paper and white (both 8 1/2” x 11”), and a set of 2” x 2” color squares (red,


blue, yellow, and green).
MANAGEMENT TIPS:
1. 
Participants can be arranged in groups of two, three or four for this



activity.


2. 
Thirty seconds may not be long enough to cause afterimages to appear for



all students. If no afterimage appears, suggest that the student try the



activity over again for 45‑60 seconds. Also, it is important that students



try to keep their eyes staring steadily at the same spot.


3. 
After experiencing the afterimage for awhile, it tends to fade. Blinking



the eyes may help bring it back.


4. 
When using the set of small color squares, suggest that participants



occasionally rest their eyes between trials by looking away from the



papers​

RESPONSES TO

SOME QUESTIONS:
1.
A ghost, a figure in white, with dark eyes, etc. Thirty seconds may not



be long enough. If no afterimage is produced, try it again but for a longer



time.


2.
Allow participants to share relevant experiences such as “When a flash



camera goes off, I see spots.”


3.
Usually white spots appear interspersed with the black dots.


4.
The afterimage of the fish is yellow. Again, if no afterimage appears, try



it again for a longer time period.


6‑8. The table shows a reasonable set of results for the observed colors of the



afterimage squares. Expect some students to have named the perceived



colors differently.


Third Column of Table:

1.
green or blue‑green

2.
yellow or yellow‑orange

3.
blue or violet

4.
purple (magenta)
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POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION: 
The eye‑brain system plays a very important role in what we perceive.


When a flashbulb goes off, or someone flashes a light in your eyes, it makes a lasting impression. It may even blind you for a moment. If you’re watching television in a dark room and suddenly turn it off, you may still see the images in front of your eyes. Occasionally, an afterimage is so intense, that it actually interferes with your vision. Even though afterimages are common occurrences, you usually don’t notice them because there are more important things to catch your eyes.


The cause of the afterimage phenomenon is thought to be an adaptation of the sensory mechanism to a repeated or uninterrupted stimulus.


Your eye responds in ways similar to other sensory systems. The retina is composed of numerous light‑detecting cells (rods and cones) some of which are specifically sensitive to certain colors or tones. Our perception of white light may be thought of as an equal stimulation of all the specific color receptors. If the receptors that respond to one color range are strongly stimulated, they become fatigued and less sensitive. White light is then actually perceived as white minus the color to which the receptors were previously exposed.


When you stare at a red shape for a while, the cones that receive red light become tired. Then, when you stare at a blank piece of white paper, the red cones are working less efficiently than the blue or green cones. You see white without as much red in that area. Since red subtracted from white is cyan, the afterimage will be perceived as cyan (blue‑green).

POSSIBLE EXTENSIONS:

Flags can be made using bright colors and shapes. These could be displayed around the room and provide good stimuli for generating afterimages.

COLOR AND VISION
6B2F

FOCUS ON PHYSICS

EXPLAINING NEGATIVE AFTERIMAGES

(Discussion)

We can use the Trichromatic Model of Color Vision to help understand the existence of the negative afterimages. When cone cells absorb light, two major things happen. First, as mentioned in the Focus On Physics section, “How We See Color,” they respond by sending electrical pulses on a pathway to the brain. Second, the cells become “fatigued,” or desensitized, which means that they are not able to absorb as much light as they normally do. This period of reduced sensitivity to light can last from several seconds to several minutes before the cells return to normal.

If light entering the eye strikes a group of cone cells that are “fatigued.” the cells will absorb very little of the light and their response will be significantly reduced. Other nearby cone cells which are not “fatigued,” however, will still absorb light and respond. (The fact that we can continually see things implies that this must be the case).

One consequence of this property of the cone cells is the existence of the phenomenon of negative afterimages. Suppose, for example, that you stare for about 30 seconds at a small square piece of yellow paper. Afterwards, if you then gaze at a blank white paper, you will perceive a “blue” square against the white background. This 11 negative afterimage” can last for several seconds or longer. The phenomenon is an afterimage because you perceive it after the original stimulus (the yellow paper) is removed. It is “negative” because the color of the afterimage is complementary to the original color of the stimulus.

We can explain what has happened in the following way. When you were staring at the yellow paper, the yellow light striking a certain area of the retina was being absorbed primarily by the “red‑sensitive” cones and the “green-sensitive” cones, and each of these cone types gave a large response. This caused the “red‑sensitive” cones and the 11 green‑sensitive” cones to become fatigued. The “blue‑sensitive” cones absorbed very little of the yellow light, and gave essentially no response. Afterwards, when you were looking at the white paper, you may have expected to see white because normally, the white light would cause equal responses from all three cone types. However, because they were fatigued, the “red‑sensitive” and “green‑sensitive” cones gave a much smaller response than normal. The response of the “blue‑sensitive” cones was not reduced. Because the response of the “blue‑sensitive” cones was largest, you perceived blue. Eventually, the responses of the “red‑sensitive” and “green‑sensitive” cones returned to normal, and the negative afterimage disappeared.
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WHAT COLORS DO YOU SEE WHEN THE DISK SPINS?

Materials:
paper with Benham Disk


scissors


cardboard


glue


plastic push pin or tack


long pencil with full eraser


bright flashlight or other light source

1.
Cut out the Benham Disk and paste it on a piece of cardboard. After it dries, cut the cardboard to the same size as the disk.

2.
Describe what the disk looks like.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
3.
Predict what you would observe if the disk were to start spinning very fast.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
4.
Assemble your disk‑spinner in the following way. Push the push‑pin or tack through the exact center of the Benham disk and into the center of the eraser on the head of the pencil. You should be able to make the Benham disk spin freely in either a clockwise or a counterclockwise direction. Your partner should aim the flashlight at the disk and you should make it spin clockwise. The thin black lines should blur into circles. Do these circles seem to have any color? If so, describe the colors you observe.

5.
Discuss your observations with other students and with your instructor.

6.
Now make the Benham disk spin the other way. Describe what you observe.


_______________________________________________________________________________________________

_______________________________________________________________________________________________
BENHAM DISK
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WHAT COLORS DO YOU SEE WHEN THE DISK SPINS?

IDEA:
PROCESS SKILLS:

Presenting intermittent patterns of black and 
Observing

white to the eye may be perceived as colors. 
Communicating

LEVEL: L/U
DURATION: 15 Min.

STUDENTBACKGROUND:
Students should be aware that the retina contains color‑sensitive cells called


cones. Some cones are more sensitive to red light, some more sensitive to


green light, and some more sensitive to blue light.
ADVANCE PREPARATION:
The colors may be easier to see if the black half‑disk is a solid black. If, in


duplicating copies of the disk, the solid black area has lightened, you or your


students should use a black magic marker to darken it.
MANAGEMENT TIPS:
Students may have difficulty perceiving colors. You should mention to them


that the circular lines themselves are what appear colored. You may also


suggest that they try spinning the disk at different speeds. It also helps if


brighter light shines on the disk. Since the colors are subjective, it may help


if you mention what some other people have seen. Even with this help,


however, expect several students not to perceive any colors. Tell those


students not to be concerned because many people cannot see the colors.


Benham Disks may be purchased at museum shops or science supply houses.

RESPONSES TO

SOME QUESTIONS:
4. 
Some of the commonly perceived colors of the circles are purple, blue,



green, and yellowish‑brown.

6. 
When the disk spins the other way, the perceived colors of the circles



change.

POINTS TO EMPHASIZE IN

THE SUMMARY DISCUSSION:
What you perceive is a result of the eye‑brain system interpreting intermittent


patterns of black and white light entering by the eye.

The reason for these so‑called “subjective colors” is not completely understood


by scientists at this time. The best explanation involves the properties of the


three types of cone cells. To follow this explanation, students will need to


know about the trichromatic model of color vision.

Each cone type responds mainly to light from a different region of the


spectrum. When white light shines in the eye, all three cone types respond


equally. After the white light stops entering the eye, all cones turn “off,” but


not immediately and not at exactly the same time. One type turns off a little


sooner and another turns off a little later. Thus, when you look at the


spinning Benham disk, white light intermittently enters your eye. This makes


the cones “turn on” and “tam off’ at different times causing your eye‑brain


system to receive different responses from the three types of cones. You then


perceive colors just as if colored light had entered your eye in the first place.
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