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Title: Properties of Light

Introduction:


One of the properties of light is that it can be diffracted (spread into a region behind a barrier).  
The reason light can be diffracted is because, besides light being an electromagnetic wave, as it approaches an 
opening in a barrier, every point on the wave acts as a new point source for new waves to form beyond the barrier:
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As polychromatic or white light (contains all colors of ROY G. BIV, like light from the sun) passes through a material such as a diffraction grating, the colors separate in different amounts so a sort of rainbow will appear on a surface beyond the diffraction grating:

Finally, if we can measure the different amounts of separation of the different colors of light, we can calculate the wavelength (() of this light in the visible spectrum (a small portion of the electromagnetic spectrum). 

The Electromagnetic Spectrum: found on your reference tables, page 14.
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To diffract and calculate the different wavelengths of different colors of light we will use a common shoebox, diffraction grating, light source, ruler, and a formula:
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Procedure:
1. Allow sunlight or a strong white light source (such as a small, intense flashlight held 3-5” away) to pass through your diffraction grating on your shoebox so that you can see 2 clear, entire “rainbows” on either side in the inside of the shoebox.

2. Center the bright, white light spot on the inside of the shoebox on the paper ruler.  Where does the center of this spot line up on the ruler? _________________________________________________________________
NOTE: Make all measurements to the nearest tenth of a centimeter.

3. Mark and label this center point on the ruler below.

4. Important: make sure the white spot is in that same center point for all of your observations.  

5. Note the center of the blue light sections on your ruler.  
Center of the Blue light on your ruler: blue1 = ____________  blue2 = ____________

6. Mark and label these blue center points on the ruler below.

7. Note the center of the red light sections on your ruler.  
Center of the red light on your ruler: red1 = ____________       red2 = ____________

8. Mark and label these red center points on your ruler.
Color the rainbows you see in your box onto this model of your ruler.

9. Measure the distance from the center of the bright white spot to the middle of the red color in centimeters (be careful to read this measurement to the nearest tenth of a centimeter).  Do this for the center of the red color bands on both sides and find their average.  Remember: this is a model of a ruler and is not drawn to scale.

Distance to red1 = _____________ Distance to red2= _____________ Average = _____________


10. Then repeat the same for the center of the blue color bands.

Distance to blue1 = ____________ Distance to blue2= ____________ Average = _____________
Note: the average distances to the colored bands are x in the formula


11. Measure the distance across the inside of the shoebox along an imaginary line from the diffraction grating to the opposite side of the box (to where the center of the bright, white spot was) in centimeters.  Record this value below.

12. Depth of the inside of shoebox = ____________________ centimeters
Note: this measurement is your distance (L) in the formula 

13. The final distance you will need to calculate wavelength is that there is 
0.00017 centimeters between slits in the diffraction grating.  
Note: this is your distance (d) in the formula.

14. Calculate the wavelengths (() of red and blue light and record them below using the formula 
( = dx/L  

Be sure to show all work below for each of your calculations.


d = 0.00017 cm
x = average distances to the center mark from the different colored bands

L = width of the shoebox (distance between grating and center screen)
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( of red light = ____________________

( of blue light = ____________________

Work: 





Work:









Write your answers using correct scientific notation:

( of red light = ___________________________
  ( of blue light = __________________________


15. If the accepted value for average red light has wavelengths of 0.0000665 cm and average blue light has accepted wavelengths of 0.0000460 cm, calculate the % deviation (from reference tables) of your red and blue light measurements below.  Be sure to show all work below for each of your calculations.  


Note: % deviation = 
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      % deviation red ( = __________


% deviation blue ( = __________

Work:





Work:

17. Using the graph below:

a.   Plot your calculated values for your average blue (B) and red (R) light wavelengths.  

b.   Connect the points with a straight line

c.   Extend your line to the edge of the chart in both directions. 
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18. Color the rainbow

a. Use your reference tables to find the wavelengths of the different color bands of light.

b. Draw lines down to the x-axis for the different wavelengths of visible light 

c. Color between these lines the appropriate color.

Questions:

1. What happens to the wavelength of light as you go from blue to red?
____________________________________________________________________________________

____________________________________________________________________________________


2. [image: image14.jpg]


What is the color of light with a wavelength of 5.5 x 10-5 centimeters?

____________________________________________________________________________________




3. If this wave is drawn true to scale what part of the electromagnetic spectrum would it belong?  
What are your reasons?  Hint: make sure you know the definition of “wavelength”. 
____________________________________________________________________________________

____________________________________________________________________________________

The Doppler Effect for light is the apparent change of color (i.e., red shift or blue shift) as an observer and an object move relative to one another at high speeds.  As a light source approaches you the wavelengths of light get shortened and the light appears to be shifted toward the blue end of the electromagnetic spectrum. As a light source gets farther away from you the wavelengths of light get spread out making the light seem to shift towards the red end of the spectrum. 

                                      Red color
                     Blue color


The top diagram on the right shows the normal colors of light (of the visible spectrum) given off by a stationary star as seen from a stationary observer.  
The bottom diagram shows the same star, but now the star and/or observer are moving relative to one another.  Notice how the colored spectral lines are not in the same position but are the same distance apart from one another.  The entire spectrum has been shifted in the bottom diagram.

Red color
                     Blue color


4. How has the color the star shifted (i.e., red or blue shifted) in the bottom diagram? 
____________________________________________________________________________________

____________________________________________________________________________________


5. How are the star and observer moving relative to one another to produce this shift? 
____________________________________________________________________________________

____________________________________________________________________________________

6.  Most all galaxies in the universe have been found to have a deep red shift in the light that reaches the earth.  What does that tell us about the direction that these galaxies are moving? 
___________________________________________________________________

___________________________________________________________________

___________________________________________________________________


7.  How do these observations provide evidence for the Big Bang? 
____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________


Solar Radiation: Our sun emits a very broad range of wavelengths of radiation. The upper line in the graph gives the distribution of the intensities of these wavelengths reaching the Earth’s atmosphere.  As this radiation penetrates the atmosphere, scattering processes and absorption by ozone, water vapor and oxygen molecules modify the intensities of the different wavelengths, resulting in a distribution given by the lower line.  The total solar power reaching the earth’s surface (represented by the area under the lower line) is known as incoming-solar-radiation or “INSOLATION”.

8. Which wavelengths of the electromagnetic spectrum reach the earth’s surface with greatest intensity?

____________________________________________________________________________________

____________________________________________________________________________________


9. Where is there more intense ultraviolet radiation, outside the earth’s atmosphere or at sea level?  
Why is there a difference?  Hint: read the next page about the Ozone hole.

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________
The Story of the Ozone Hole: http://www.ucar.edu/learn/1_5_1.htm 
First things first - what is ozone? Ozone is made of three oxygen atoms (O3). The oxygen we find in our atmosphere is made up of two oxygen atoms (O2). 

Ozone is found in two different layers of the atmosphere - the troposphere and the stratosphere. 

The stratospheric ozone, or "good ozone," protects life on earth from harmful effects of the sun's UV rays. Although often referred to as the ozone 'hole', it is really not a hole but rather a thinning of the ozone layer in the stratosphere. Ozone and oxygen molecules in the stratosphere absorb ultraviolet light from the sun, providing a shield that prevents this radiation from passing to the earth's surface. While both oxygen and ozone together absorb 95 to 99.9% of the sun's ultraviolet radiation, only ozone effectively absorbs the most energetic ultraviolet light, known as UV-C and UV-B, which causes biological damage (cancer). The protective role of the ozone layer in the upper atmosphere is so vital that scientists believe life on land probably would not have evolved - and could not exist today - without it. 

It has been found that chlorine was the main culprit for the destruction of ozone in the stratosphere and that most of the chlorine in the stratosphere comes from human activity. The largest source is a class of chemical compounds known as chlorofluorocarbons (CFC’s). Once in the atmosphere, CFC’s drift slowly upward to the stratosphere, where they are broken up by ultraviolet radiation, releasing the chlorine, which severely destroys ozone.  CFC’s were used for many years as refrigerants and aerosols but have been restricted under the 1987 Montreal Protocol.  The United States and other nations are well on their way to meeting these goals. In 1993, global CFC production was already down 40% compared to 1986 levels. That's fortunate, since the CFCs already in circulation will continue to pose a threat to the earth's ozone layer for another hundred years.

Tropospheric ozone, or "bad ozone," is an air pollutant that damages human health, vegetation, and many common materials.  Tropospheric ozone is formed by the interaction of sunlight, particularly ultraviolet light, with hydrocarbons and nitrogen oxides, which are emitted by automobiles, gasoline vapors, fossil fuel power plants, refineries, and certain other industries.  We have good reason to be concerned about the buildup of ozone in the troposphere. The majority of U.S. citizens live in areas that are impacted by tropospheric ozone pollution. They are familiar with "smog-alerts," local government pleas to reduce vehicle traffic, and news reports about cities that have failed to meet EPA standards for ozone pollution levels.

Although simplistic, the saying "Good up high and bad near by," sums up ozone in the atmosphere.
10. Describe the differences and similarities between tropospheric and stratospheric ozone 
and state what we should do to protect ourselves from any related harmful affects for each.  


_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________

_______________________________________________________________________________________________


_______________________________________________________________________________________________

_______________________________________________________________________________________________


_______________________________________________________________________________________________

_______________________________________________________________________________________________


_______________________________________________________________________________________________

_______________________________________________________________________________________________

Print out a ruler if you need it for your lab.
Wavelength


(() x 10-5 cm





Color





Name____________________





Class __________
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