Color Sines
FACILITATOR NOTES

Overview

The activity deals with color in an interdisciplinary manner, emphasizing that the subject is analyzed and applied by different people in very different ways. It then moves to the specific application of producing a broad range of colors from three simple elements, as is done in computer monitors, television screens and many other setting. The mathematics in the third part is more advanced (focusing on trigonometric functions), and some teachers may want to omit that final section.

Goals of the Activity

· Describe how the RGB system of color reproduction is related to the functioning of the human eye.
· Explain how photon energy is related to color and wavelength.
· Apply the concepts of “amplitude,” “frequency,” “phase angle” and “center offset” in editing trigonometric functions to produce desired oscillations.
Standards

National Science Education Standards (NRC)

B.
Physical Science

Transfer of Energy
-- Light interacts with matter by transmission, absorption, or scattering. To see an object, light from that object—emitted or scattered from it—must enter the eye. (6-8)

--- Electrical circuits provide a means of transferring electrical energy when heat, light, sound and chemical changes are produced. (6-8)

Interactions of Energy and Matter
--- Electromagnetic waves result when a charged object is accelerated or decelerated…. The energy of electromagnetic waves is carried in packets whose magnitude is inversely proportional to the wavelength (9-12)
B.
Life Science

The Behavior of Organisms
-- Multicellular animals have nervous systems that generate behavior. Nervous systems are formed from specialized cells that conduct signals rapidly through the long cell extensions that make up nerves…. In sense organs, specialized cells detect light, sound, and specific chemicals and enable animals to monitor what is going on in the world around them. (9-12)
E

Science and Technology
Abilities of Technological Design

-- Implement a proposed design (9-12)

-- Evaluate technological designs or products (9-12)
Understandings about Science and Technology
-- Science and Technology are pursued for different purposes. Scientific inquiry is driven by the desire to understand the natural world, and technological design is driven by the need to meet human needs and solve human problems. (9-12)

Standards for Technological Literacy (ITEA)
2

Core concepts of technology
-- Technological systems include input, processes, output, and at times feedback. (6-8)
-- An open-loop system has no feedback path and requires human intervention, while a closed-loop system uses feedback. (6-8)
-- The stability of a technological system is influenced by all of the components in the system, especially those in the feedback loop. (9-12)
17
Information and Communication Technologies
-- Technological knowledge and processes are communicated using symbols, measurement, conventions, icons, graphic images, and languages that incorporate a variety of visual, auditory, and tactile stimuli. (9-12)
Secondary School Math Standards (NCTM)

Algebra
-- understand and compare the properties of classes of functions, including … periodic functions. (9-12)
-- judge the meaning, utility, and reasonableness of the results of symbol manipulations, including those carried out by technology. (9-12)
-- identify essential quantitative relationships in a situation and determine the class or classes of functions that might model the relationships. (9-12)
Connections
-- Recognize and apply mathematics in contexts outside of mathematics. (9-12)

Representations
-- Use representations to model and interpret physical, social, and mathematical phenomena. (9-12)

College Math Standards (Crossroads in Mathematics)

C-2
Symbolism and Algebra
-- translate problem situations into their symbolic representations and use those representations to solve problems.
C-4
Function
-- Demonstrate understanding of the concept of function by several means (verbally, numerically, graphically, and symbolically) and incorporate it as a central theme into their use of mathematics.
C-5
Discrete Mathematics
-- use discrete mathematical algorithms and develop combinatorial abilities in order to solve problems of finite character and enumerate sets with direct counting.
Equipment/Software Needed

FOR EACH GROUP OF 2 TO 6 STUDENTS:

RGB Color Mixer with batteries
Spectrometer (Project Star is a good source spectrometers that cost as little as $6 each. See www.starlab.com.)
TI-84 Graphing Calculator with CBL2 or LabPro interface. (The TI-83 family calculators work for the first 2 parts of this activity, but only the TI-84 family has the internal clock necessary for part 3.)
FOR THE CLASS:

Small flat screwdriver for adjusting the white setting.

At least 1 ordinary incandescent light (not florescent) which participants can view. Low wattage bulbs (40 or 60 watts) are adequate.

CALCULATOR PROGRAM: CLRSINES
Activity Set Up

Collect the equipment and calculators, including AA batteries for the RGB Color Mixers. Load the CLRSINES (“COLOR SINES” abbreviated to 8 characters) into the calculators. Test the activity under the lighting conditions in your classroom. The activity works best if you block sunlight and turn off most fluorescent lights.
Pre-Activity Discussion

Ask the students to volunteer what they already know about color. At least some students are likely to have very advanced knowledge of the subject, perhaps from art classes, from image processing, web programming or other sources. Encourage all perspectives on the subject and also draw out the fact that the different perspectives on color may seem in conflict—particularly on the definition of “primary colors.”

You may also want to point out that different animals see colors in ways that are very different from human vision. Dogs, for example, see only black, white and grey but make up for this “deficiency” with senses of smell and hearing that are typically much better than that of humans. Honey bees see colors that the human eye cannot detect, and some flowers have beautiful “infrared-colored” patterns which guide the bees but are invisible to us.
If students do not do so, mention the topic of human color blindness—the fact that many people cannot distinguish colors in the same way other people do. Be alert to the fact that you are likely to have at least one or two students (usually male) in any class who have some degree of colorblindness, perhaps undiagnosed. Colorblindness can interfere with some of the observations required in this lab, so it is important to incorporate any colorblind students into groups that include students with normal vision.
Facilitating the Activity

The Participant Handout includes a good many details (perhaps more than you want) so that it could be used by a small group of students working on their own, perhaps even as an after-school project. In most cases, however, it is expected that the facilitator will guide the class through the activity.
Part 1: Exploring and Adjusting the Apparatus
You may want to perform the white adjustment yourself, although it is a useful step in familiarizing the students with the apparatus and a good example of how most equipment needs to be adjusted for optimal results. You are also likely to find that different students have different views on what is “white,” with some striving for a bluish tint (“cool white” in the language of artists and interior designers) while others strive for a slight orange tint (“warm white” to the designers). The exact settings are not critical, so long as (1) each group agrees internally that it has a good white and (2) the students keep at least one potentiometer at its maximum setting so the total light is as bright as possible.
If they have not used spectrometers before, students will need guidance in learning to use them. One common problem is that they must point the spectrometer opening at the light source then look several degrees off to the side to see the spectrum. They are likely to see other spectra closer to the opening that result from other light sources such as a window. Emphasize that they need to look at the colors directly above the numbered scale. You may want to have students practice using the spectrometer by viewing the spectrum of florescent lights. That even provides an opportunity for them to calibrate the spectrometer, since florescent light emit a particularly strong line at 546 nm. The Report Form diagram in question 2 is arranged to match the display in the Project Star spectrometers. If your spectrometer uses Angstroms instead of nanometers, you can add an extra zero to each number. Some spectrometers also display the opposite side of the spectrum so that the numbers follow the more convention order.
With the incandescent light bulb, students should see a continuous spectrum with all the colors of the rainbow extending from about 520 nm to about 680 nm. With the Color Mixer set for white, students should see 3 broad bands. The RGB chip manufacturer says that red should be centered at 628 nm, the green at 520 and blue at 469. Student readings should be with 10 or 20 nm of these values, but do not expect or demand extremely high precision unless you have very expensive spectrometers.

Particularly is students have had little or no experience with the calculations in questions 3 and 4, you can do a sample or two as a class but everyone should do their own calculation for at least some of the colors. Student answers for questions 3 and 4 should be consistent with their measurements of the wavelength, not with the manufacturer’s specifications, but to guide your grading here are the results for the manufacturer’s values. 

SAMPLE RESULTS FOR QUESTION 3(Student answers will vary.)
	
	Wavelength

(nm)
	Wavelength

(m)
	Energy

(J)
	Energy

(eV)

	RED
	626
	6.26 x 10 -9
	3.18 x 10 -19
	1.99

	GREEN
	520
	5.20 x 10 -9
	3.83 x 10 -19
	2.39

	BLUE
	469
	4.69 x 10 -9
	4.24 x 10 -19
	2.65
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RESULTS FOR QUESTION 4 (The energy provided by the circuit to each electron is just the voltage drop multiplied by “1 electron.”)

Students should note that the energy per photon is somewhat less than the electrical energy delivered to the circuit. Most of the electrical energy is indeed transformed into light waves, but some is lost to heat.
RESULTS FOR QUESTION 5 

Students should note that short wavelength photons (particularly blue) contain the most energy and their production requires the most energy from the electrical circuit.
Part 2: “True Color” and Reasonable Approximations
If it is convenient, you may want to demonstrate an image processing program (such as Paint Shop Pro or Photo Shop) or web-authoring software (such as Dreamweaver) to show how these use the RGB system. You can also measure a computer screen, find the screen resolution and calculate the number and size of RGB pixels on that screen.
Avoid letting students get bogged down in searching for the perfect name of a color or the perfect set of integers to display it. It is good enough in this activity for them to recognize that (1) combining the primary colors in different proportions can yield intermediate results such as bluish green or greenish blue, and (2) they can produce lighter shades of any color by mixing it with white. (For example, R=10, G=15 and B =10 yields a lighter shade of green than does R=0, G=15, B=0).

Part 3: Oscillating Colors
Use general questions such as, “How would this change if we decrease the value of “A,” to keep the students focused on the functional relationship not on individual calculations. If you find students attempting to answer the questions entirely by trial and error, redirect them to think about which constant control what type of functional behavior and whether it should be increased or decreased to achieve the correct results. Some trial and error is great, but the trials need to be guided by an understanding of the functions. Random trial and error will rarely yield success in functions this complex.

EXPECTED RESULTS FOR QUESTION 2 

	For the red LED
	For the green LED
	

	C = _7.5__
	C = _7.5__
	

	A = _7.5__
	A = _7.5__
	

	f  = _0.025
	f  = _0.025
	

	φ = ___0__
	φ = __л___
	


SAMPLE RESULTS FOR QUESTION 3-9 (Student answers may be different and still correct.)

3) Pick one of the values for t between 0 and 60 seconds. Do your own calculation below to show how the program found the values it found for Y1 and Y2. Remember that the calculator must be in radian mode.

	t = __30_ seconds
	Red LED
	Green LED

	sin(2л f t + φ) =
	-1
	1

	A sin(2л f t + φ) =
	-7.5
	7.5

	C + A sin(2л f t + φ) =
	0
	15


NOTE: In some cases, the calculator’s evaluation of л may introduce enough error to shift what should be precisely “7.5” to a slightly lower value—which rounds to 7 instead of 8.
4) Record below the function for Y1 and Y2 which make the RGB Color Mixer in yellow light, beginning at a medium level, increasing to maximum brightness after 10 seconds, emitting no light when t = 30 seconds, and returning to maximum brightness when t = 50 seconds. It should also be at maximum brightness when t = 90 s, 130 s, 170s, etc.

	Y1 =.
	7.5 + 7.5 * sin(2 л* 0.025 * T)

	Y2 =.
	7.5 + 7.5 * sin(2 л* 0.025 * T)
Deleted φ from the original function so the 2 colors are in phase.


5) Modify as many of the function as necessary to make the RGB Color Mixer oscillate with the same timing as in question 4, but showing only violet light.
	Y1 =.
	7.5 + 7.5 * sin(2 л* 0.025 * T)

	Y2 =.
	0

	Y3 =.
	7.5 + 7.5 * sin(2 л* 0.025 * T)


6) Modify as many of the function as necessary to make the RGB Color Mixer oscillate twice as fast as in the previous question while showing only white light.
	Y1 =.
	7.5 + 7.5 * sin(2 л* 0.05 * T)

	Y2 =.
	7.5 + 7.5 * sin(2 л* 0.05 * T)

	Y3 =.
	7.5 + 7.5 * sin(2 л* 0.05 * T)


7) Modify as many of the function as necessary to make the RGB Color Mixer oscillate so it (a) begins with a maximum intensity of white light, (b) decreases to zero after 25 seconds and (c) returns to maximum intensity once every 50 seconds.

	Y1 =.
	7.5 + 7.5 * sin(2 л* 0.02 * T + л/2)

	Y2 =.
	7.5 + 7.5 * sin(2 л* 0.02 * T + л/2)

	Y3 =.
	7.5 + 7.5 * sin(2 л* 0.02 * T + л/2)


8) Modify as many of the function as necessary to make the RGB Color Mixer oscillate so it (a) begins with a maximum intensity of white light, (b) becomes pure blue after 25 seconds and (c) returns to maximum white intensity after 50 seconds.

	Y1 =.
	7.5 + 7.5 * sin(2 л* 0.02 * T + л/2)

	Y2 =.
	7.5 + 7.5 * sin(2 л* 0.02 * T + л/2)

	Y3 =.
	7.5 + 7.5 * sin(2 л* 0.04 * T + л/2)


CHALLENGE QUESTION:

9) Find a different set of functions which do not use the sine function but achieve exactly the same result as your answer to question 8.
	Y1 =.
	7.5 + 7.5 * cos(2 л* 0.02 * T)

	Y2 =.
	7.5 + 7.5 * cos(2 л* 0.02 * T)

	Y3 =.
	7.5 + 7.5 * cos(2 л* 0.04 * T)


Post-Activity Discussion

Emphasize that the answers to the questions in Part 3—like most technical tasks—are not unique. There are always multiple solutions which satisfy the requirements, but some are likely to be more convenient, more efficient or easier to implement than other.
Group Activity Questions

See Report Forms.

Individual Assessment

Problems that may be used on a quiz or test:

1) Find the energy in a photon of violet light with a wavelength of 435 nm.
2) How can a TV screen show yellow when it has no yellow pixels?
3) A web page is set with an RGB background color of (28, 226, 174). What color would you expect to see if you look at that background?
4) Which of the functions below will produce the most rapid oscillation?

a. Y = 6 + 6 sin(2л * 0.5 T + л)

b. Y = 6 + 6 sin(2л * 0.5 T + л/2)

c. Y = 6 + 9 sin(2л * 0.5 T + л)

d. Y = 6 + 6 sin(2л * 0.8 T + л)

5) Which of the functions below will reach the greatest brightness (largest value for Y) at some point during its oscillation?

a. Y = 6 + 6 sin(2л * 0.5 T + л)

b. Y = 6 + 6 sin(2л * 0.5 T + л/2)

c. Y = 6 + 9 sin(2л * 0.5 T + л)

d. Y = 6 + 6 sin(2л * 0.8 T + л)

6) Which of the functions below will begin (when T=0) with the greatest brightness?

a. Y = 6 + 6 sin(2л * 0.5 T + л)

b. Y = 6 + 6 sin(2л * 0.5 T + л/2)

c. Y = 6 + 9 sin(2л * 0.5 T + л)

d. Y = 6 + 6 sin(2л * 0.8 T + л)

Extending the Activity

Encourage participants to experiment with other functions, both trigonometric and otherwise. Ask such questions as “What happens if you use the tangent function instead of the sine? What happens if you use an exponential function?” Some functions will certainly fail to achieve the desired results and some may make the program crash with a “division by zero” or other error, but no function the students can enter can possible damage either the calculator, the interface or the RGB Color Mixer. Especially for the functions that “don’t work,” encourage students to analyze WHY the function doesn’t work.
Troubleshooting
If the system fails to operate, check all connecting cables and make sure the batteries in the LabPro or CBL2 are fresh. Load and run DCUINIT to verify that the calculator and interface are communicating correctly.

Weak batteries in the LabPro or CBL2 may cause it to shut down the lights prematurely. If the lights go out sooner than you expect, try replacing the batteries or switching to the AC adapter.
Note that the RGB Color Mixer always goes dark between the 5-second updates in Part 3, because of the time required to reset and restart the LabPro or CBL2. This will continue to be true if even you control the LabPro with a computer, rather than a calculator. The lag time can be greatly reduced, however, by operating the Color Mixer with a computer and National Instrument’s USB-6008 or USB-6009 interface. A LabVIEW computer program and information about this alternative interface is available at www.mathmachines.net.
If the LabPro or CBL2 beeps unexpectedly when you run CLRSINES, you made need to upgrade the LabPro’s firmware. This program uses commands that were not included until firmware version 6.26. The upgrade and instructions are available on Vernier’s website at http://www.vernier.com/calc/flash.html
The CLRSINES program requires about 3000 bytes of calculator RAM. If you encounter “out of memory” errors, you need to archive other programs and data in your calculator. Note that CLRSINES is a stand-alone program, requiring no other programs or lists. You can reset the calculator, load CLRSINES and it should work.

The TI-83 version of CLRSINES works only for Parts 1 and 2 of this activity, since part 3 requires an internal clock that is only available on the TI-84 family of calculators. The original CBL can operate the RGB Color Mixer, but the calculator program is not yet available, Check www.mathmachines.net or email fred.thomas@mathmachines.net for the latest updates.

Additional Resources
· Investigating Safely: A Guide for High School Teachers by Juliana Texley, Terry Kwan and John Summers, NSTA Press, 2004, ISBN10: 0-87355-202-4, available from http://store.nsta.org.

· Extensive information about the current technology of LED lights, is available in the technical notes provided by Chicago Miniature Lamp, Inc. at http://www.chml.com/assets/DataBookPDF/LED_Tech_Notes.pdf.
· A datasheet for the RGB chip in this activity is available from Sharp Microelectronics of the Americas at http://document.sharpsma.com/files/gm5wa6250Z_e.pdf. This technical datasheet illustrates the style of specifications that an engineer would use in designing a product which incorporates the chip.
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