DISPERSION OF LIGHT

( TEACHER  VERSION )

written by; Robert Gandolfo

AREAS OF APPLICATION:

· REGENTS PHYSICS

· Optics

· Behavior of light

· Refraction / Reflection

· REGENTS EARTH SCIENCE

· Insolation

NEW YORK STATE STANDARDS COMPLIANCE:

· Standard 1  (Mathematical Analysis)

· measure the intensity of multiple frequency of light

· using standard relationships determine the wavelengths of the dispersed visible light spectrum 

· Standard 1  (Scientific Inquiry)

· Investigate the composition of the visible light spectrum

· Determine the intensity of each component of visible light

· Standard 1  Engineering Design

-     Design, conduct and analyze the results of an experiment that investigates the dispersion of light
· Standard 2  Information Systems

-     Collect data, classify and formulate conclusions

· Standard 6  (Systems  Thinking)

· Using data to develop relationships between the tested light source, sun light and atmospheric rainbows 

· Standard 6  (Models)

-      Construct and perform an experiment to explore the intensity of the dispersed spectrum of visible light

· Standard 6  (Patterns and Changes)

· Compare and explain the differences and/or similarities of a of a dispersion due to a grating , a prism and a water drop 
· Standard 6  (Optimization)

· Standard 7   Interdisciplinary Problem Solving

· This activity draws together concepts of Regents Physics, and Regents Earth Science in conjunction with basic mathematical skills.
(Why do rainbows form in the sky?) 

OBJECTIVES:   Students will

· understand how and why a rainbow appears in the sky

· how a prism / grating disperses visible light into it component colors

· identify where infrared light is in the electromagnetic spectrum

· realize that each color of light has a different intensity 

MOTIVATION: 

· Why does a rainbow appear in the sky after a storm?  

· What causes the dispersion of visible light in the atmosphere?
AIM:


How do aerosols alter the path of visible light in the atmosphere?

BACKGROUND:


The electromagnetic spectrum consists of visible light, infrared, ultraviolet, gamma, radio and etc.  As light enters the atmosphere it will be reflected, scattered and absorbed by the atmosphere.  The atmosphere is composed of gases which contain aerosols (liquid or solid particles suspended in the air) such as water vapor, dust, soot, sulfates and nitrates.  As light enters the atmosphere under the right conditions the dispersion of the visible portion of the spectrum can be observed in the sky.

          As a ray of light passes through a drop of water suspended in the atmosphere it is refracted as it enters this new medium.  At the back of the water drop the ray is reflected and returns to the front of the drop where it undergoes a second refraction as it passes back into the air.  The angle between the initial incidence white light ray and the returning reflected light is 
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different for each component of light thereby allowing us to see a rainbow or dispersion of light.
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Dispersion is the separation of polychromatic (multicolor light) into its component colors.  Dispersion of light can occur when light passes through a prism, a grating or an aerosol such as water vapor.

EQUIPMENT:

· an adjustable single slit

· two visible light sources

· a large glass prism

· a grating  1200 lines per cm

· a solar cell and a voltmeter 

· a screen

PROCEDURE A:

1. Set up the apparatus as shown in the diagram below using a white light source.  The light source should be masked to allow only a very narrow beam (single slit ( 5 mm wide) to emerge.  Place the light 10 cm in front of the diffraction grating and the screen 1 m behind the diffraction grating.   As light passes through the diffraction grating lines of constructive (lines of reinforcement) seen as a rainbow of colors and destructive interference (nodal lines) seen as a dark area will form on the screen.
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2. Using the solar cell measure the incidence intensity of the light source before it enters the diffraction grating. 

INTENSITY OF THE WHITE LIGHT SOURCE ______________

3. Place the solar cell that has been masked to sense only a very narrow band of light (  ( 3mm) in the middle of the red band of light.  Record the voltage (intensity) and the distance from the center line (central order maximum) to the center of the red band in the data table.  Repeat the procedure for the orange, green and violet band.

4. Move the solar cell slightly to the side of the red band in the direction of the central order maximum.  Record the intensity and identify the name of this component of light.

5. Move the solar cell slightly to the side of the violet band in the direction of the central order maximum.  Record the intensity and identify the name of this component of light.

6. Normalize the intensity measurements by dividing by the value for red and record it in the data table.
DATA TABLE

LIGHT SOURCE INTENSITY (VOLTAGE)

LIGHT COMPONENT

RED
ORANGE
GREEN
VIOLET


MEASURED INTENSITY

( VOLTS )







NORMALIZED

INTENSITY







DISTANCE FROM CENTRAL BAND (m)







WAVELENGTH    (
(m)







PROCEDURE B:

1. Calculate the wavelength (() of each component of light using the following relationship.

            ( =   xd/L

where;  x   equals the distance from the central order maximum to the center of each band      

                 of light ( m )

             d   equals the distance between two lines on the grating   

                  (  1/ number of lines per mm)     (m)

            L    is the distance from the grating to the screen ( m)  [1m]

2. Record the ( in the table above.

PROCEDURE C:

1. Using the supplied graphs for the intensity of the sun, read each at 10:00 am and complete the following table.

2. Using your calculated wavelengths identify the color of light each graph represents. 

3. Normalize the data for intensity by dividing by the value for red light.
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COLOR  ______________________
COLOR  ______________________
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COLOR  _______________________
COLOR  _________________________
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COLOR  ________________________


DATA TABLE

SUN LIGHT INTENSITY (VOLTAGE)

LIGHT CONPONENT

RED
ORANGE
GREEN
VIOLET

WAVELENGTH (M)






MEASURED INTENSITY

( VOLTS )






NORMALIZED INTENSITY






Ques :

1. How does your calculated wavelengths compare to the wavelengths of the MFSRS? Explain why they may not be exactly equal.

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

2. How does the intensity of the each component of visible light from the light source compare to the sun?

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

3. Does the intensity of the white light source equal to sum of all the measured intensities?  Why or why not?

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

4. Is it possible to disperse only visible light into its component colors?  Explain why or why not.

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

PROCEDURE D:

Position the visible light source as shown below to pass through the prism.
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QUES:

1. How does the dispersion pattern produced by the grating compare to the dispersion pattern produced by the prism?

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

2. How does the prism disperse visible light into its component colors?

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

3. Is the dispersion of visible light into a rainbow in the atmosphere similar to the way a prism or a grating disperses light into its component colors?    Explain your answer.

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

· ________________________________________________________________________
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