Polarized Light 

S.O.L.
CH 2
Quantum Model  -  Wave Particle Duality

A normal beam of light consists of many individual waves.  Each of these waves is vibrating in a direction that is perpendicular to its path.  Usually, the vibrations of each ray will have different orientations.  Light is said to be linearly polarized if all the waves in a beam vibrate in parallel planes in the same direction.  A material that allows only light with a specific angle of vibration to pass through is called a polarizer.  

If two polarizers are set up in series so that their optical axes are parallel, light passes through both.  If the angle between the axes rotates from zero to ninety degrees, the amount of light that is transmitted decreases.  If the axis are set up ninety degrees apart, so that their optical axes are crossed, the polarized light that passes through the first is unable to pass through the second.

Transparent tape is said to be birefringent, because light travels through the tape at two different speeds.  Every material has an index of refraction and materials that are birefringent have two indices of refraction.  When light enters a birefringent material, light is broken up into fast (ordinary ray) and slow (extraordinary ray) components.  Because the two components travel at different velocities, the waves get out of phase. When the rays are recombined as they exit the birefringent material, the polarization state has changed because of the phase difference.  If transparent tape is applied to a polarizer, the thicker the transparent tape the more out of step the components will become and, therefore, the  greater the change in polarization.  

White light is composed of light of all different wavelengths or colors.  The index of refraction of the tape will be different for each color of light.  Each color will, therefore, have its own unique fast and slow components as it passes through the tape.  The polarization of each color is changed by a different amount.  This difference will also change as the thickness of the tape changes.  

A second polarizer placed over the tape and rotated will transmit different colors depending on the angle of the wave.  This colors will change as the polarizer is rotated and the angles change.

Some materials change the orientation of polarized light.  These materials are said to be optically active materials.  Karo syrup, d-glucose, is an organically produced sugar which, like all organically produced sugars, rotates the direction of polarized light clockwise or to the right.  Inorganic chemical synthesis has produced l-glucose which rotates the direction of polarization counterclockwise.  A container of Karo syrup placed between two polarizing filters will cause the light to be rotated.  Each colors direction of polarization will be changed by a different amount.  As the light passes through the second filter, different colors of light will be able to be viewed as the filter is rotated.  The depth of the syrup will also change the amount of rotation, because the angle of rotation is proportional to the depth of the syrup.  Changing the depth of the syrup will cause the color seen through the second filter to change.    

Polarized Light Mosaic
Objectives:

Students will discover that polarization filters will be able to block incoming light passing through when filters are positioned perpendicularly to each other.

Students will be able to explain why the filters block some of the incoming light and also redirects incoming light.


Students will be able to see that light travels in waves.

Materials needed:

Part A

12 popsicle sticks per students

glue for each group

length of surgical tubing for each group

Part B

roll of transparent tape, with a shiny surface

2 polarizing filters, about 2 inches by 2 inches, per group of students

Procedure

Part A

1. Take four popsicle sticks and lay them flat on the table side by side.  

2. Move them apart so that the distance between the sticks is greater than the diameter of the tubing.  

3. Lay a popsicle stick across each set of stick ends.  It should resemble a fence.  

4. Glue the crosspieces in place and let the structure dry.   

5. Take four more popsicle sticks and lay them flat on the table side by side.  

6. Move them apart so that the distance between the sticks is greater than the diameter of the tubing.  

7. Lay a popsicle stick across each set of stick ends.  It should resemble a fence.  

8. Glue the crosspieces in place and let the structure dry.

9. Using the tubing, send a wave through one fence that is held vertically.  The wave passes easily through the fence.

10. Set up the second fence so it is vertical and parallel to the first fence.  Using the tubing, try to send a wave through both fences.  Does the wave pass through both fences?

11. Set up the second fence so it is horizontal and perpendicular to the first fence.  Using the tubing, try to send a wave through both fences.  Does the wave pass through any of the fences, both fences, why?

Part B

1. Take the two polarizing filters and put them together.  

2. Holding the filters towards the light, rotate the filters.  What happens as you rotate the filters?  Why does this happen?

3. Take the tape and put small pieces of the tape on one side of one of the filters.  Do not put any tape on the other filter.  

4. Put the taped side between the two filters.  Holding the filters towards the light, rotate the filters.  What happens as you rotate the filters?   How does what you see differ from what you saw before?   Why does this happen?

5. Put more small pieces of tape on the tape you have on the filter.  Do not put any tape on the other filter.  

6. Put the taped side between the two filters.  Holding the filters towards the light, rotate the filters.  What happens as you rotate the filters?   How does what you see differ from what you saw before?  Why does this happen?

Analysis

Answer all questions in Part A and in Part B on a separate piece of paper.

Conclusion


Answer the conclusion questions on a separate piece of paper.

6. What connections can you make between Part A and Part B?

6.  If the putting tape on one of the filters changed what you saw, why did it change what you saw?

6. If putting more tape on one of the filters changed what you saw, why did it change what you saw?

Polarized Light Mosaic
Answer key
Analysis

Part A

10. The wave passes through both fences.

11. The wave passes through the first fence but not the second fence.

Part B

2. The light brightens and dims as the filters are rotated.

If two polarizers are set up in series so that their optical axes are parallel, light passes through both.  If the angle between the axes rotates from zero to ninety degrees, the amount of light that is transmitted decreases.  If the axis are set up ninety degrees apart, so that their optical axes are crossed, the polarized light that passes through the first is unable to pass through the second.

4. Different colors of light appeared on the taped areas.  

Colors were not present when the tape was not on the filter.

White light is composed of light of all different wavelengths or colors.  The index of refraction of the tape will be different for each color of light.  Each color will, therefore, have its own unique fast and slow components as it passes through the tape.  The polarization of each color is changed by a different amount. 

A second polarizer placed over the tape and rotated will transmit different colors depending on the angle of the wave.  This colors will change as the polarizer is rotated and the angles change.

6. Different colors of light appeared on the taped areas.  

These colors were different than the last time.  


The difference between the fast and slow components change as the thickness of the tape changes.  This changes the polarization of each color.

Conclusion

6. The orientation of the fences represents the orientation of the filters.  The fence only allowed the same direction light through it as the fence slats are held.  This is a concrete example of the polarization filter and light rays.    

6. White light is composed of light of all different wavelengths or colors.  The index of refraction of the tape will be different for each color of light.  Each color will, therefore, have its own unique fast and slow components as it passes through the tape.  The polarization of each color is changed by a different amount.   A second polarizer placed over the tape and rotated will transmit different colors depending on the angle of the wave.  This colors will change as the polarizer is rotated and the angles change.

6. The difference between the fast and slow components change as the thickness of the tape changes.  This changes the polarization of each color.

Rotating Light

Objectives:

Students will discover that polarization filters will be able to block incoming light passing through when filters are positioned perpendicularly to each other.

Students will be able to explain why the filters block some of the incoming light and also redirects incoming light.

Materials Needed:

2 sheets of polarizing film

100 mL graduated cylinder or 250 mL beaker

overhead projector

Karo syrup

Procedure:

1. Fill the cylinder with several inches of syrup.  

2. Put one sheet of polarizing film on the overhead screen. 

3. Put the other sheet on top of it and rotate it.  What happens as you rotate the sheet? 

4. Set the syrup filled cylinder between the two pieces of film.  What happens?

5. Rotate the top sheet of film.  What happens?

6. Add more syrup to the cylinder.  Does this change what you see?

Analysis:

Answer all the questions in the procedure on a separate piece of paper.

Conclusion:  

Answer the conclusion questions on a separate piece of paper 

1. Why did what you observed in step 3 happen?

2. What changed when the syrup was placed between the two films and why did it happen?

3. What happened when the top sheet of film was rotated over the syrup?   Why did it happen?

4. How did changing the level of the syrup change what you saw?   Why does this happen?
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Rotating Light
Answer sheet

Analysis

7. The light brightens and dims as the filters are rotated.

8. The color of the syrup seen on the screen changes.

9. The color of the syrup seen on the screen changes.

10. The color of the syrup seen on the screen changes.

Conclusion

1.
If two polarizers are set up in series so that their optical axes are parallel, light passes through both.  If the angle between the axes rotates from zero to ninety degrees, the amount of light that is transmitted decreases.  If the axis are set up ninety degrees apart, so that their optical axes are crossed, the polarized light that passes through the first is unable to pass through the second.

2. Karo syrup, d-glucose, is an organically produced sugar which, like all organically produced sugars, rotates the direction of polarized light clockwise or to the right.  A container of Karo syrup placed between two polarizing filters will cause the light to be rotated.  Each colors direction of polarization will be changed by a different amount.  As the light passes through the second filter, different colors of light will be able to be viewed as the filter is rotated.

3. Each colors direction of polarization will be changed by a different amount.  As the light passes through the second filter, different colors of light will be able to be viewed as the filter is rotated.

4. The depth of the syrup will also change the amount of rotation, because the angle of rotation is proportional to the depth of the syrup.  Changing the depth of the syrup will cause the color seen through the second filter to change.    

