Polarization of Light and 3-D Movies

OAPT Conference 2010
Three dimensional images are formed by your brain interpreting the different images received by each eye. You can see this if you put one finger in front of your eyes and look at it and the scene behind through one eye and then the other. The 3-D films that are in the theatres all employ polarized light and special glasses to give different images to each eye so your brain ‘sees’ in 3-D.

Curriculum Connections in 12U Physics:

Unit A: Polarization is a great vehicle for developing investigation skills analysing and interpreting observations and communicating through vector diagrams.
Unit E: Polarization is a key aspect of the wave nature of light and 3-D films is a very topical - if not Earth shattering - technology that makes use of it. 
1) Exploration of Cheap 3-D Glasses
Put on the glasses. Close one eye and look at your partner’s eyes. Tilt your head. What do you notice?

· Your right eye sees your partner’s right eye but their left eye is blocked.
· This switches when the heads are at 90( to each other.

· The eyes are partially blocked at angles between 0( and 90(.

Key Idea: These filters block light vibrating in one direction,
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Dramatization: 

Have students use their arms to demonstrate what an electromagnetic wave is like. Their hands should move back and forth at right angles to each other. One hand represents the magnetic field and the other the electric field. This model is too complicated, so we will just look at the electric field. Demonstrate unpolarized, linearly and then circularly polarized light. Note: these amplitudes represent the strength and direction of the field, they are not displacements of something physical in space.
Have all the students stand up to be a polarizing filter. Their bodies are long vertical molecules. Their hands represent electrons which can move up or down but not sideways in these long molecules. You act as a light wave coming towards the filter with the electric field pointing up. What do the electrons do? They should go down. Do a brief bit of ‘Simon says’. A horizontal field has almost no effect on the electrons. A vertically oscillating field makes the electrons move up and down. Where do the electrons get the energy? They take energy from the electric field. Dramatize horizontally polarized light going through the student filter vs. vertically polarized light being absorbed. Note: This is the reverse of the standard picket fence analogy given in most texts. That model is simpler but not as realistic.
Diagrams: 

A vertical polarizer will have no effect on light that has come through a vertical polarizer and will block the light coming through a horizontal one. What about other angles? 
· Have small groups use the whiteboards to make a diagram of what happens when vertically polarized light meets a polarizer at 45( to it. Why does it pass half the light? (The relevant component passes through. The square of this component is ½ for 45(. The intensity of the light is proportional to the amplitude squared.)

· What about 30( or 60(? (1/4, 3/4)
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· Have groups explain why half of unpolarized light gets through one filter.
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2) Exploration of a Third Filter
Put on the glasses and look at your partner so that you are looking at a completely blacked out eye. Hold a third filter in between your eyes. What do you notice?

· The addition of a third filter allows some light through.
Diagrams

Have small groups draw arrows and components to explain this and determine how much of the original light gets through all three filters.
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· In what direction are the filters of the glasses oriented? Simple observations can only determine the relative orientations; the eyes receive light polarized at 90o to each other and the third filter is at 45o to them. The filters are made by stretching the plastic sheets and the long molecules align with the stress, so the third filter is polarized parallel to its sides and the glasses are at +/- 45o
3) Exploration of a Birefringent Material

Put on the glasses and look at your partner so that you are looking at a completely blacked out eye. Hold the material between your eyes. What do you notice?
· The addition of the material allows more light through - more than a third filter.

Diagrams

A birefringent material has two indices of refraction – one for each polarization axis. Calcite crystals give a clear demonstration of this. Hold the crystal over a small dot and you will see two dots. The different directions are caused by different speeds for each polarization. Because the two components travel at different speeds, they get out of phase with each other. This allows a vertical polarization to turn into a horizontal polarization by having one component shifted by a half a cycle. This means a birefringent material can rotate the polarization of light.
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4) Projecting Polarized Light

These polarized glasses let in light that is polarized at +45 in one eye and at -45 in the other eye. In the theatre there is one camera rapidly alternating images from one polarization to the other. With the glasses, view laser light that has passed through a polarizing filter onto a white screen. 
· Both eyes can see the spot. Why? Put a polarizing filter before the screen to test that the light is polarized. It is. Reflection from the screen has scrambled the polarization. 
· Try it with a tin foil screen. Now, only one eye can see the spot. Light reflected from a conductor remains polarized. What else do you notice? 
· The reflected light is brighter and has a smaller angle of view. Originally all movie screens were metal because the dim projectors needed the brighter reflection. This is why it was referred to as the ‘silver’ screen. However, the angle was limiting and when projectors got brighter the screens were changed to non-metal. At a movie theatre that is showing a 3-D movie, go up and touch the screen – it is metal. 
5) Exploration of the Plastic 3-D Glasses
These are the glasses that you use at the 3-D films being shown in the theatres now. Put on the glasses. Close one eye and look at your partner’s eyes. Tilt your head. What do you notice?

· It doesn’t change much as you tilt your head 

· Your right eye cannot see your partner’s left eye. 

Explanation: 

These glasses have two layers. The inside layer is a standard polarizing filter. The outside layer is a birefingent material thick enough to slow one component until it is 45( out of phase with the other. This is called a ¼-wave plate. This turns the linearly polarized light into circularly polarized light. Suppose the filter produces light polarized at +45(.  Have students model this by moving one hand up to the left and then down to the right a la John Travolta. Have the students model this same wave as the horizontal and vertical components using both hands. This one looks more like semaphore signalling. 

The ¼-wave plate will be placed so that it slows the vertical component by 45( relative to the horizontal. Now instead of moving in and out at the same time, one hand goes in while the other goes out. What does the sum of the two look like? Have students try drawing a series of diagrams or dramatizing what it forms. 

Linear Polarization Components

Circular Polarization Components


The light from your partner’s eyes has become circularly polarized. It then enters the circular polarizer of your glasses. The quarter-wave plate slows it down again, so that the +45( polarization has become -45(. This is exactly what is needed to pass through your glasses because when you look through +45( polarizer from the other side it looks like it is -45(. Why does tilting your head have so little effect? If you tilt your head, a vertically polarizing lens becomes horizontal, but a clockwise polarizer is still clockwise. This means that the viewer doesn’t have to keep their head vertical while watching the movie. (Note: The cheap glasses are also somewhat vertically polarized – just not as much as the plastic glasses.)
Supplies

1) Polarizers - 17” wide, $15.00/foot - http://www.polarization.com
2) Cardboard (linearly polarizing) Glasses - $0.50 each - http:// www.rainbowsymphonystore.com
3) Calcite crystals (Icelandic Spar)- $6.00 each - www.teachersource.com
4) Plastic (circularly polarizing) Glasses - Go to a 3-D movie and ask the manager 

5) Quarter-wave plates – Boreal - $29, Polarizer Expt. Kit, #48069 M )) p. 834

Further Information:

There is a lot more to be explored in polarization. Why are polarized sunglasses so effective? How is polarization used in photography and microscopy? How can it be used to test stress in structures and the concentration of sugar solutions? How do insects use polarized light to navigate? How is polarized light essential to all LCD screens? How is polarized light used in quantum cryptography? How can photons be polarized?
Physics 2000 is a great site which combines the PhET simulations of the University of Colorado with well-organized explanations. It has a very good interactive lesson about polarization. First it goes through linear polarization and then it looks at LCD screens in great detail. http://www.colorado.edu/physics/2000/index.pl
If you have any questions or suggestions contact me at Roberta@tevlin.ca. For teaching resources in modern physics go to http://roberta.tevlin.ca 

