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The Color of Light?
	Science Concepts

· Develop abilities necessary to do scientific inquiry

· Develop understandings about scientific inquiry

· Understanding properties and changes of properties in matter

· Understanding transfer of energy

· Develop abilities of technological design

· Understand science as a human endeavor

· Understanding of the nature of science

· Systems, order, and organization

· Evidence, models, and explanation

· Constancy, change, and measurement

· Form and function

Materials

· CBL2™ Unit with unit-to-unit cable and Light Probe

· Light Source

· At least 6 different colors of Acetate, and one Clear Sheet

· TI-73 Explorer with DATAMATE App

· Supports for light source and probe, as needed

· TI Connect and Graph Link cable

· Meterstick
	Overview

This investigation demonstrates how colors are part of the visual experience and how devices, such as eyes or the light probe, have an ability to see these colors to varying degrees. The sensitivity of the light probe will be measured by filtering out all colors (or wavelengths) of light but one from a white light source. The change in light received will be measured by the CBL2 and compared to the visual effect of looking through the color filters at the light source.
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Introduction


Light that enters your eyes comes from various sources. The colors of light that you see are determined in part by the source of the light. Look around the room and describe the light sources and colors that you see. List these in the Data Recording part of this document.


Discuss your items with your partner. What items give off light? Which ones reflect light? Did you miss any light related items? Reflect on your discussion in the Data Recording part of this document.


There are several sources of light. The types that you probably discovered are those from the Sun, and from the lights in the room. The lights might be of two different types, Florescent and Incandescent. You could also have light from burning materials, such as a candle, lantern, or fireplace. The other objects you see because they reflect light.


In this investigation you will observe and measure what happens as “white” light is passed through a filter (color acetate). First we need to identify a light source in the room that we can use. Take some of the color acetate and look at the light that passes through it. List the colors that seem to let the most light through, and the least. List your rankings in the Data Recording part of this document. Rank at least five colors and identify the light source.


You eye was the probe used to do this ranking and it is sensitive to colors in different ways. We would like to get numbers that demonstrates this level of brightness rather than just use your impressions. To do this we will use the light probe from the CBL2 and measure the filtered light from our chosen light source.


Set Up


Collect one clear piece of acetate and up to six sheets with different colors. These will be held over the end of the light probe as data is collected during each run of the experiment.


Position the light probe so that it is steady and pointing toward the light source. You will need a minimum level of light so you may need to move closer or away, once you get the initial readings for the probe. One person in your group will need to hold the acetate over the end of the light probe for about 15 seconds, so make sure that she can access the space between the probe and the light with ease.


Make sure you have the DATAMATE App in the handheld. Press ( and move down to see if it is there (Figure 1). If it is not found load it from the CBL2, or get it from another TI-73. If you need to add it, the best plan is to save any important files using TI Connect and then reset the handheld before you get the App. You may also need to backup some Apps since the DATAMATE App takes up 3 of your 8 slots for Apps (Figure 2). To reset the handheld press ( ( to access the MEMORY menu (Figure 3) and then press ( to select the 7:Reset… option. Press ( to select 1:ALL RAM… from the RESET menu (Figure 4) and then press ( to select the option 2:Reset from the RESET RAM menu (Figure 5).


Place the TI-73 Explorer in the CBL2 nest and connect them with the unit-to-unit link. Plug in the light probe, using Channel 1. Run the DATAMATE App by pressing ( and highlight the DATAMATE App and press ( or just the number of the App (Figure 1). 


Notice the splash screen. This should be the most current version of the App and the OS for the CBL2 (Figure 6). Since the TI Light probe is an AutoID probe, the software will recognize it and set up the program to collect data with it (Figure 7). If this does not happen, just press ( and the CBL2 will check for probes. Note: Once you set up the experiment, don’t reset it, since we will not be using the default mode.


Since the reading from the light probe is shown as a relative value, from 0 to 1, we should have an initial reading of about 0.7 with no filter. Adjust the probe and light source as you will have it during the experiment and see what value is shown. Increase or decrease the distance between the two items until the reading is about 0.7. Make a sketch of the setup in the Data Recording part of this document and report the initial reading.


Now adjust the Mode of data collection to Single Point. Press ( to select the 1:SETUP option from the main screen. Then from the Setup screen move the cursor up so that it points at the MODE line (Figure 8). Press ( to go to the SELECT MODE screen (Figure 9). Select option 4:SINGLE POINT from this screen by pressing (. This sends you back to the Setup screen (Figure 10). Press ( to select the 1:OK option and return to the Main screen. Your team is now set to collect data if the settings are similar to what we have shown (Figure 11).


Procedure


We will place the different sheets of acetate directly over the end of the light probe as the light from the source falls on it. The CBL2 is set up to take data for 10 seconds and then report the average value.


Place the Clear acetate in front of the probe and press ( to select the 2:START option from the Main menu. Hold the acetate steady for the full time (Figure 12), and record the reading (Figure 13) in the Data Recording part of this document. Press ( to return to the Main screen. If you feel that this reading is incorrect, just repeat the steps above. This first reading will be the Control, and represents what the level of light would be if no colors are filtered out.


Repeat the experiment with each color of acetate. In theory the Red acetate will filter all wavelengths of light out except Red. Report each reading in the Data Recording part of this document. Limit the experiment to 7 sheets of acetate, including the Control.


When all the data has been collected, and you are finished with the CBL2, press ( to select option 6:QUIT from the Main menu.


Analysis


Consider your results. How do these numbers match with your earlier predictions? What was surprising about your results? Discuss your thoughts below.�_____________________________________________�_____________________________________________�_____________________________________________�_____________________________________________


To get a better feel for the pattern in the data, we want to look at a Bar Graph of the results.  To place the two lists in the handheld, turn on the handheld and press ( to access the List Editor. Move the cursor to the top of the first column, in the header. Press ( until you get tired. You should now have a blank place to enter your list names and data (Figure 14). Create one list for the color of the acetate and one list for the level of the light reading. Use the Text Editor by pressing (( and selecting the appropriate letters to name the lists as you move around with the arrow keys. Press ( to pick the letters and ( to move back to correct mistakes. Highlight the word Done and press ( when you are finished with each word (Figure 15).


Make the list for the colors Categorical. This requires that you put the first word (Clear) in the list as a word, in quotes. Note the ‘c’ in the header of the list of colors indicating that the list has Categorical data. Once you have established the list type, you do not need to use quotes (Figure 16). Names in the list are limited to six letters and you should have no more than seven items in the list. Enter the light level data in the second list (Figure 17).


We now need to set up the Bar Graph to have a different look at this data. Press ( ( ( to set up a Bar Graph (Figure 18).  Access the list names from the List of List by pressing ( ( (Figure 19). Check the ( area to see that only this plot is ON and that there are no equations listed (Figure 20). Press ( and use ( with your cursor keys to move over the plot. Take your handheld to the computer with TI Connect and print this graph. Make a sketch of it in the Data Recording part of this document. Reflect on what the Bar Graph shows about the amount of light that passes through the acetate. How did your earlier ranking of the colors hold up? Explain.�___________________________________________�___________________________________________�___________________________________________�___________________________________________


Now collect the results from two other teams that used the same colors as your team. List the data in the Data Recording part of this document and enter it into two new lists as shown (Figure 21). If you can’t find the third reading for your color, just enter ‘0’ for that item. Be aware that each team will have totally different levels of light (between 0 and 1) for the colored light levels because of the distances used and the possible the type of light sources. This is won’t matter since the color ranking should still hold.


Make a Bar graph of this data by adding the two new lists, as shown (Figure 22). Don’t forget to indicate 3 lists to be graphed. Press ( and use ( with your cursor keys to move over the plot. Take your handheld to the computer with TI Connect and print this graph. Make a sketch of it in the Data Recording part of this document.


Rank the colors of light below from dim to bright and compare this ranking to the two previous determinations.��_______ _______ _______ _______ _______ _______��____________________________________________�____________________________________________�____________________________________________�


Data Recording


List the sources of light and the color that you see from these items.�___________________ _______________________�___________________ _______________________�___________________ _______________________�___________________ _______________________�___________________ _______________________�___________________ _______________________


How did your list compare to your partner’s? Think about things that give off light and those that just reflect it.�___________________________________________�___________________________________________�___________________________________________


Rank the color acetates as you look at the light source through them. List the colors from what appears to be the least amount of light passing through to the most. Name the light source __________________.��_______ _______ _______ _______ _______ _______


Make a sketch below showing the positions of the integral parts of the experiment and how you will hold the acetate in front of the light probe. Also indicate the initial, unobstructed reading of the light level reported by the probe.
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�
Record the resulting light reading for each of the types of acetate in the table below.


Acetate�
Reading�
�
Clear�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Make a sketch of your team’s Bar Graph in the space below. Label it.























�
�
Collect the light reading from two other teams for the colors of acetate that you used. Record them in the table below.


Acetate�
Lite2�
Lite3�
�
Clear�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Make a sketch of the three sets of data Bar Graph in the space below. Label it.























�
�
��Conclusion


Write a paragraph to explain the effect of placing a colored piece of acetate in front of a light sources. Speak about what you see with your eye and what the light probe sees. 


______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


What variables do you think had an effect on your experiment and how would you control those in a repeat of the experiment. Use specific results to help validate your points. 


_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Going Further


Try the experiment with multiple sheets of acetate. Would you get the same results with two sheets of red acetate, as you got with only one? Would this pattern hold for all colors? Look at the light filtered by 3 sheets of yellow acetate and then 3 sheets of red acetate. 


Try mixing two colors of acetate for the experiment. One red, one blue. Compare that amount of light with one red and one yellow sheet of acetate. Are these results consistent with the original results?


Do this experiment using only reflected light, like the light that allows us to see the moon. How could you do this investigation and keep most of the variables constant?


Research different light sources, Florescent and Incandescent light bulbs, burning materials, and the Sun. How are they similar and different? What roles do they play in our life?


Make a Scatter plot of Light Level vs. Wavelength of the colored light. Research the wavelength values (or get them from your teacher) and compare them to the “Rainbow” ordering of light. How does this ranking match with the results from the earlier experiment?


Change the DATAMATE App set up to a Time Graph Mode. Collect the light level for a particular color of acetate for 60 seconds, and look at the scatter plot. Then average the light levels (in List2 the Y-values). Compare this method to the Single Point technique used in the original experiment.


INSTRUCTOR NOTES


Experimental Set Up and Procedures


During the discussion on light sources, guide the students to separate the light givers from the light reflectors.


Select a light source that the teams can access safely. The Sun would be best, if the data can be collected fast enough since the light will change as the earth turns and if there are clouds. A more consistent light source would be a lamp. Either way, make sure the orientation of the probe and the light source stays the same during the experiment and that all reflected light remains the same. That means, keep all people and materials close to the light and probe in the same position through the experiment. A darkened room works well.


Have a collection of different colors of acetate; report folders are a good source. You need to limit the teams to six sheets of colored acetate, and the one clear Control. Make sure that you have at least three of each color used so the teams can collect data on the colors that they used from two other teams. You may use less than six colors, but try to cover the spectrum!


The TI light sensor uses a phototransistor to measure relative irradiance. The units of irradiance are milliwatts per square centimeter. The light sensor’s output is a voltage that is linearly proportional to the amount of irradiance it senses. The range of light over which the sensor is sensitive is 10μW/cm2 to 1mW/cm2. The auto-ID resistor in the sensor causes the CBL2 software to automatically convert the measured voltage to relative units. The sensor is direction dependent and achieves the highest output when the end of the sensor is pointed directly at the light source. The light sensor is sensitive in the visible and near-infrared (IR) light range. This means you can use it with IR emitting diodes as well as all visible light sources. The light sensor is designed to work in air only—it is not waterproof. The light sensor returns relative readings, not absolute irradiance readings. Values may vary from light sensor to light sensor. The light sensor readings are also sensitive to temperature.


Student Learning Goals and Objectives


Students will learn how to use the CBL2, TI Connect™, and TI-73 Explorer functions such as:


Using the Text Editor


Using the DATAMATE App


Using the List Editor


Setting up Plots


Tracing on plots


Creating Categorical lists


Background Information and Content Preparation


Important math and science concepts covered in the activity.


Collecting data


Making Bar graphs


Recording data in a table


Interpreting data, drawing conclusions


Measurement


Experimental Design


Technology Pitfalls


Some of the potential problems you should anticipate relating to CBL2, and/or TI-73 Explorer functionality and features that are:


Connecting the link correctly, both with the CBL2 and TI Connect.


The amount of free memory might be an issue when you try to load the DATAMATE App. This App takes 3 slots so check the handheld by pressing ( ( ( (Figure 2). Delete enough Apps to free up the required three spaces, or use TI Connect to save the Apps and then delete them from the handheld.


Point the end of the light probe directly at the light source, but make sure that you are far enough away to get a level around 0.7. If you are too close, you will “peg” the reading at 1.


Older versions of the TI-73 operating system are not compatible with the most current DATAMATE App. Make sure that the CBL2 has been Flashed with the newest versions of code, and use the “Check for Updates” part of TI Connect to Flash your handheld (Figure 23). See the TI website and look for the Latest Software link.


List names are limited to five letters and Categorical data points are limited to six charters. Plots of Categorical data are limited to seven items. You will get an error when trying to plot more that the maximum. 
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Here are the wavelengths of some colors:


Red�
780 to 622 nm�
�
Orange�
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�
Violet�
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                      Note: 1 nm (nanometer) = 10-9 m
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