CDs are Groovy
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Investigation:
Information is stored on a CD using a series of very small grooves that spiral around the disc.  CD players and CD-ROM drives on computers read this data by shining a laser onto the grooves and analyzing how the light gets reflected back.  In fact, if the spiral of data were unwound from the CD, it would stretch over 3.5 miles!  In the beginning of this experiment, you will investigate different light sources using a diffraction grating.  A diffraction grating has thousands of tiny slits which allow light to pass through, but since they are so small (near the wavelength1 of light), the light diffracts2 through these slits, dividing it up into its component colors.  This happens because as a wave of light hits each slit, the slit acts like a new source for the light, and the new waves from each of these slits travel past and interact with waves coming from the other slits to create areas of high and low intensity just like waves on water do.  This effect is known as constructive and destructive interference3, and is illustrated simply below.  Astronomers use these same basic principles to split light from distant stars into its component colors.  This can tell them exactly what the star is made of, based on which colors are most prominent.  After the diffraction grating investigation, you will investigate the same light sources using a CD.
Definitions and illustrations:

1Wavelength - The distance between one peak or crest of a wave of light, heat, or other energy and the next corresponding peak or crest
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2Diffraction - Change in the directions and intensities of a group of waves after passing by an obstacle or through an opening whose size is approximately the same as the wavelength of the waves
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3Interference - The variation of wave amplitude that occurs when waves of the same or different frequency come together
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Procedure:

1.
Look at the diffraction grating. Is there anything that you can see which makes it look different than just a sheet of plastic?
2.
Diffraction gratings usually have about 5,360 lines per cm.  How far apart are these lines (in nanometers, 1 cm=1x107 nm)?  The wavelength of red light is about 700 nanometers, how do these numbers compare?
3.
Holding the diffraction grating up to your eye, look at the lights in the room, what do you see through the grating?

4.
Now, look at light from a flashlight, a lamp with a 60 watt bulb, a candle, and other sources of light available to you.  The lights in the room will need to be turned off when looking at the alternate sources of light.  Record the colors that you were able to see and any differences from the first observation.  Did any colors show up more prominently in certain observations than others?  You should probably observe the lights in the room again at the end to remind yourself of what the original observation looked like.
5.
CDs have about 6250 grooves per cm.  How far apart are these grooves (in nanometers, 1 cm=1x107 nm)?  How does this number compare to the spacing of the diffraction grating and the wavelength of red light?
6.
Now, take the underside of a CD and use it to observe the same light sources as you observed with the diffraction grating by reflecting the light off of the CD.  You may want to reflect on to a blank piece of white paper to get a better view of the colors.  Note any similarities or differences in color from your first observations.

Conclusion:

Questions to think about:
· What did you learn from this activity?

· From what you learned about the way CDs store data and how diffraction gratings work to diffract light into its component colors, can you explain why a CD produces a “rainbow” when you look at it? In what ways is the CD different from a diffraction grating?
· How does the way CDs or diffraction gratings produce the spectrum compare with what you know about how a rainbow is formed in the sky or through a prism?
· How could you extend the experiment to learn more?
