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EDP 621

Title: The Color Spectrum: How Does It Work?
Audience: 9th grade physical science
Cooperative Learning Model: STAD.  The teacher will do part of the lab with the students and explain different procedures.  The students within a group are then responsible for making sure everyone in the group understand the lab, the concepts, how to solve problems, and answer discussion questions.  When the lab is completed, each group is evaluated on the products of the lab activity.  Individuals are evaluated on their independent quiz following the lab.  After scores are tallied and bonus points figured, the groups with a score over 75 points will receive awards.
Objectives

Students will understand:

	1.
	the difference in wavelength size in the electromagnetic spectrum.

	2.
	that visible light makes up a very small portion of the electromagnetic spectrum.

	3.
	that light travels in a straight line and refracts when it passes from one substance to another, which is the principle behind why a prism separates white light into individual colors.

	4.
	that colors seen by the eye are a result of light being reflected, not absorbed.


Materials

For this lesson, each group of four will need the following:

	•
	Meter stick or metric ruler (marked in millimeters)

	•
	Scissors

	•
	Scotch tape

	•
	Several pieces of paper in the following colors: red, orange, yellow, green, blue, violet, white, and black (paper will be cut into 1-inch-wide strips)

	•
	Black marker

	•
	Prism

	•
	Flashlight (optional)

	•
	A copy of The Color Spectrum: How Does It Work? Data Sheet for each student


Procedures

	1.
	In this activity, students will create a model of the infrared, visible, and ultraviolet portions of the electromagnetic spectrum. The model they create will be made to scale based on wavelength. In order to complete this lab, students should understand the metric system and be able to convert between different metric units. They should also understand the concepts of wavelength and frequency.

	2.
	Explain to students that the wavelengths for the visible, infrared, and ultraviolet portions of the spectrum are represented in meters on their data sheets. Students will need to complete a metric conversion calculation to find the length of the waves in nanometers. Explain to students that one nanometer is 10-9 of a meter. To put this length in perspective, tell them that the diameter of a penny is 19 billion nanometers. The scale that will be used to build their model of the spectrum is 1 nanometer equals 1 millimeter. So if a wavelength is X nanometers, the model for that wavelength should measure X millimeters. Students will need to show the work they’ve done on their calculations in the space provided on the data sheet.

	3.
	Work together as a class on the metric conversion calculation for red light. It is good to begin with red light rather than infrared, which is listed first on the data sheet, because the length of the scale model for infrared light is significantly longer than the scale models of any of the visible light colors. It is nice to let students discover this for themselves.

	4.
	Have students fill in the scale length in the millimeters column on their data sheet for red light. Remind students that this column should always be the same as the final answer for wavelength in nanometers.

Hand out data sheets to each student and divide the class into small heterogeneous groups of four. Assign jobs to the members of each group.  Recorder, calculator, materials, and reader (job instructions at the bottom of the page).  One materials person should collect the materials and make sure their group has the materials necessary for the activity.

	6.
	Now explain to students that the colored strips of paper will be used to represent the different colors in the visible spectrum. Red paper will be used for the wavelength of red light, orange paper for orange light, and so on. White paper will represent infrared, and black paper will represent ultraviolet.

	7.
	Have a materials person cut a strip of red paper that is the same length as the number they have written in the column for scale length in millimeters. (If standard 8.5 × 11-inch paper was used to make the strips, one strip by itself will not be long enough to make the model. Point out to the groups that they may need to tape more than one strip together to get a long enough length of paper.)

	8.
	Once groups have a piece of red paper that is 750 millimeters (75 centimeters) long, have the recorder mark the actual wavelength of red light, 7.5 × 10-7 meters, on the strip. At this point, walk around the room and check on each group’s progress.

	9.
	Each calculator should now complete a metric conversion calculation and the materials people cut strips for each of the electromagnetic waves represented on the data sheet. When the groups have finished, they should have eight strips of paper of different lengths and colors in their model.

	10.
	Have materials people align their strips horizontally, directly underneath each other, with the longest strip (which should be infrared) on top and the shortest strip (which should be ultraviolet) on the bottom. Tape all of the strips together to make one large sheet. Hang all groups’ models of the spectrum around the classroom.

	11.
	Once groups have completed their model spectrum, give each a prism. Tell the calculator and recorder to shine white light through the prism in order to see the visible spectrum they have just modeled. This demonstration works best if a flashlight is shone on the prism in a darkened room. If this situation is not possible, sunlight in a regularly lit room will also work, but the colors will be less vivid.

	12.
	The recorder is to record the colors they see, from top to bottom, in the space provided on their data sheet. Discuss how wavelength contributes to the amount of refraction, or the deflection of light waves as they pass from one substance to another. Red light has the longest wavelength in the visible spectrum and therefore reflects the least. It is found at the top of the visible spectrum. Violet light has the shortest wavelength in the visible spectrum and therefore reflects the most. It is seen at the bottom of the spectrum. Discuss how the colors we see are actually light that is reflected by objects. For example, a red apple absorbs all colors of light except red. It is the red light that is not absorbed that bounces back to our eye and gives the apple its red color.

	13.
	When students have completed the prism portion of the activity, have them work out the problem at the bottom of their data sheet as a group.  Each member should be able to explain how to find the solutions to the problems if called upon. 

	14.
	When students have finished, collect the data sheets from each group. Data sheets will serve as part of the evaluation for this activity.

Groups should also complete the discussion questions together.  Each member must have a complete understanding of the answers to the questions.


Discussion Questions

	1.
	A black piece of cloth and a white piece of cloth are left on a sunny windowsill. After an hour has passed, which will be warmer to the touch? Support your choice by using your knowledge of electromagnetic radiation.

	2.
	Waves transport energy. Discuss any evidence you can think of that would prove, on this basis, that light is a wave.

	3.
	Why can’t humans see very well in the dark? Discuss some anatomical adaptations nocturnal animals have that allow them to survive successfully at night.

	4.
	Radio waves and ultraviolet rays are both part of the electromagnetic spectrum. Why are we concerned about the amount of exposure to UV rays we may receive but not that of radio waves?

	5.
	When we hear the word radiation, we think of danger. Discuss whether this is a reasonable reaction. Is visible light a type of radiation? If so, can it be harmful? What types of radiation should we be concerned about?

	6.
	What health risks do you think may be associated with the use of cellular phones?
Group Analysis: How well did your group work together?  Did every one do their job?  Did you feel anyone was not working well?  Were there any conflicts in your group?


Evaluation

Students will be evaluated on five pieces of this activity for a total of 100 points: 

1. Check each group’s model to be sure that the measurements are reasonable and that the electromagnetic waves are in the correct order. Assign two points for each correct wave in the student model, for a total of 16 points. 
2. Check each group’s data sheet to see that they have completed all of the calculations. Assign two points for correct calculations, including the one sample calculation completed together as a class, for a total of 16 points. 

3. Be sure that groups have recorded the colors of the spectrum from the prism correctly. Assign one point for each of the colors they have recorded and add two points if they are in the correct order. This section is worth 8 points. 

4. Check that groups have answered the problem at the bottom of the data sheet. Group response to this problem is important because it should show a mastery of the metric conversion calculations and an understanding of size. This section is worth 10 points.
5. Discussion questions will be used as an independent quiz following the lab activity, for 100 points.
Jobs

The recorder is responsible for filling in the “Color Spectrum: Data Sheet” and marking the actual wavelength of the light on the colored strips of paper.

The calculator will do the metric conversion calculations and relay the information to the recorder. 

The materials people collect materials for the lab and return them to their proper place when the lab is finished.  They are also responsible for manipulating the materials within the lab activity.
Adapted from “The Color Spectrum: How Does It Work?” by Karen Kennedy.
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In this activity we will be building a model of the infrared through ultraviolet portions
of the visible spectrum. Below you will find values for the wavelengths that will be
included in the model. The wavelengths are given in meters. The scale you will use
for your model is 1 nanometer equals 1 millimeter. You are to calculate the values for
the Waves in nanometers and then in your model measure one millimeter for every
nanometer. You are to show all of your calculations in the space provided below.

Wave Actual Calculation Actual [Scale
Wavelength Wavelengthin | Wavelength in
in Meters (m)| Nanometers (nm) | millimeters (mim)|

Infrared | 1x10¢

Red 7.5x107

Orange | 6.25x107

Yellow | 5.75x107
Green 5.25x107
Blue 45x107
Violet 4.0x107

Ultraviolet | 3x10%

Colors observed from the prism (listed in order from top to bottom):

Solve the following problem. Make sure to show all of your work!
A television wave is approximately 3 meters long. If we were to make this wave part
of our model, using a scale of 1 nanometer equals | millimeter, how long would the
strip of paper representing the television wave have to be? Cite an example of this
distance.




Elements of Cooperative Learning

Topic: The topic for this cooperative learning lesson is the color spectrum.

Individual Accountability: Each student will take a quiz following the cooperative learning lab activity.  Each student will receive a grade for their own work on the quiz. 

Positive Interdependence: During this cooperative learning lab activity, each individual has a job.  Each job performs specific tasks.  The lab will not get completed unless each person takes responsibility for themselves and their group and does their job.  Everyone in the group must also be able to explain how to solve the final problem and answer the discussion questions.  They must help each other and make sure everyone has a clear understanding of what was done in the lab.
Social Skills: Communication, clarifying, and giving help are all skills necessary to complete this lab.  Students must be able to make sure each member of their group has a clear understanding of what is going on in the activity and how to solve the problems and answer the discussion questions.  The group members need to be aware of each other’s understanding and be able to clarify things that have been done if anyone is confused or off track.
Face-to-Face Interaction: Students work in small groups of four around a lab table enabling them to see one another, their materials, and the problems they are working on.  When students are face-to-face they can see if someone looks confused or lost just by looking at their face even if the student doesn’t speak up about their confusion.
Processing: After the lab, before the quiz, each student fills out a “group analysis” to see how well everyone worked together in the group and what sorts of conflict may have occurred.
Heterogeneous Grouping: Groups are created with four students.  The groups should contain both male and female students as well as different races if possible.  Each group should also be composed of students with varying academic and physical abilities.
Evaluation: Groups are evaluated on their measurements, data sheets, light spectrum models, and problem solving.  Individuals are evaluated with the quiz.
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