POGIL-ish: Light Waves
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READ THIS   A vibrating guitar string generates sound waves. A storm creates ocean waves. Moving tectonic plates cause earthquakes. Each of these waves is transporting energy. As the molecules of the medium (air, water, and soil, respectively) are disturbed by the wave, energy is transferred. The light energy produced by stars and galaxies is also a wave. Light is unique in that it does not require a medium; these radiant waves move energy even through empty space. The light generated by stars and galaxies travels through space to Earth, and from this light, we are able to understand much about the universe. 
MODEL 1: Wave Properties 
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What is the high point of the wave called?  The low point? What is that point where the wave is exactly halfway between the high and the low? 
2. A complete wave starts and ends at equilibrium, and includes one crest and one trough. Highlight a complete wave on the diagram.  What is the name of the distance a complete wave travels? 
3. This value is represented with what symbol?
4. What is wave amplitude?  

5. In what direction does the energy of the wave above move? In what direction does a surfer sitting in the water move as that wave passes through? 

Read this  The amount of energy a wave has is related to its wavelength and frequency. Standing knee deep in the ocean, each wave that passes a bather moves both the water particles, and the energy of the wave.  How often the waves pass reflects their frequency. Radio stations are identified by the wave frequency they transmit their signal on – locally, NPR transmits their broadcast at 88.5 waves per second. The base unit for frequency is Hertz (Hz); radio is broadcast in megahertz (MHz), 1 x 10-6 Hz.  

MODEL 2: Wave Frequency
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6. Frequency (f) is the number of waves over 

       b


time. What is the frequency of wave 1?  
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7. Determine the frequency of the other 


waves in Model 2. 
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8. Describe the relationship between wavelength and frequency.
9. What wave variable remains constant in waves b-d? 
10. If waves a and b were ocean waves, infer which would be smaller. 
a. If they were sound, which would be louder?  

11. Wave energy is directly proportionate to frequency. Which wave has the greatest energy?  

Read this  Light comes in various wavelengths and frequencies, and is organized as the  electromagnetic (EM) spectrum.  Only a narrow band of the spectrum is detectable by the human eye as visible light. However, we regularly interact with non-visible forms of light: to warm our bodies on a summer day (and get a sunburn!), to heat up a snack in a microwave, and to watch televison.

MODEL 3 – The EM spectrum is a range of waves

	Light Type
	Wavelengths (()
	Frequency (Hz)
	Energy (eV)

	Radio
	>10cm
	1 x 105-108
	     < 0.000010

	Microwave
	10cm - 25µm*
	1 x 108-1012
	        0.000010 - 0.01

	Infrared (IR)
	25µm - 750nm**
	1 x 1012-1014
	        0.01 - 2

	Visible 
	750nm - 400 nm
	1 x 1014-1015
	        2 – 3

	Ultraviolet (UV)
	400nm - 1nm
	1 x 1015-1017
	        3 – 1000

	X-ray 
	1nm - .001nm
	1 x 1017-1018
	       1000 -100000

	Gamma 
	<.001 nm
	1 x 1018-1019
	     >100000


     

  *micrometer, 1 x 10-6 m       **nanometer 1 x 10-9m      1 MHz = 1,000,000 Hz
12. Which of type of electromagnetic radiation has:
a. The longest wavelength?  


b. The lowest frequency?

c. The greatest energy? 
READ THIS  Wave speed is the product of wavelength and frequency. Symbols are used for each variable in the relationship: c for speed, ( for wavelength, and f for frequency. The units are also specific to the relationship: frequency (f ) is in hertz (Hz), wavelength (() in meters (m) and speed (c) is in meters per second (m/sec). 

13. Write the relationship between speed, wavelength and frequency as a formula. 

14. Write it again, using symbols.

15. What is the relationship between wavelength and frequency? 
16. Given the relationship between wavelength and frequency, what must be true about light speed? 

Read this  Although light waves can transmit energy in a vacuum, like other waves they also can move through a medium, such as air, or water. The change in the density of the medium changes the speed of the waves. You see this in the visible wavelengths when a pencil in a glass of water appears crooked although it has not been bent.  The light slows as it moves from the air into the water, and then speeds up again when it re-enters the air.  This bending (refracting) of light is also evident when a glass prism separates white light into its component colors. Other light waves behave in the same manner, and these differences can also be detected, albeit not visually. 
MODEL 4: White light 
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17. Color in the rainbow and wavelength data in Model 4. 
a. Which color has the shortest wavelength?  
b. Which color has the lowest energy? 
c. Which wavelength experiences the greatest refraction? Relate this to frequency. 

18. The colors of white light are the visible portion of the spectrum. 
a. What type light has a wavelength a little longer than red? 
b. What light type has a shorter wavelength than violet? 
19. Stars and other light-producing objects emit some, but not all wavelengths, of visible light. Suggest a way this characteristic can be used to identify different stellar objects. 
THINK FURTHER using the formula from #14 and 15
20. A television relay transmitter operates at a frequency of 927.9 MHz. (1 MHz = 1,000,000 Hz.)  
Calculate the wavelength of the signal in meters.  Compare your result to the table in Model 3; is this light we can see? 
21. The organism that causes tuberculosis, Mycobacterium tuberculosis, can be completely destroyed using radiation with a wavelength of 254 nm?  (1m = 1,000,000,000nm.)
Determine the frequency of these radiant waves.  What type of light is this? 
22. The color of the sky results from the scattering of sunlight by air molecules.  The scattered light has a frequency of 7.5 x1014 Hz.  
What is the wavelength in nanometers? (1nm=10-9m). What color is this light?

620-780 nm


585-620 nm


570-585 nm


490-570 nm


440-490 nm


420-440 nm 


400-420 nm

















