Quantum Polarization Part1:
Polarized Light

The answers for the first nine questions can be demonstrated with the filters and crystals, so this can be run as an Interactive Lecture Demonstration. It is important to have the students predict what will happen and give a reason for their answer, before having them see the result. 
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1) Unpolarized light is shone at a polarizing filter. Through the filter you will get

a) all the light



b) half the light
c)   one quarter of the light

d) nothing

The answer is clearly not a) or d). For a perfect filter it will be half. The filters will not be perfect, but the answer should be closest to one half. 
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2) Unpolarized light is shone at a filter. The light that gets through it then meets another filter oriented the same way. Through both filters you will get

a) all the light



b) half the light
c) one quarter of the light


d) nothing

They should have seen this result with the filters during their explorations. Show it again on an overhead projector. This assumes no regular absorption. However, there will be some absorption and two filters will look slightly darker than one. 
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3) Unpolarized light is shone at a filter at 0(then at another at 90o. Through both filters you’ll get

a) all the light



b) half the light

c) one quarter of the light


d) nothing

If the light is really intense like a laser pointer, some may get through. 
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4) How are polarizing filters different from regular filters?

This is a good question for whiteboards. Regular filters do not depend on orientation. Two filters will absorb twice as much light as one. They do not distinguish between the glare of reflected light and the rest of light, which is why polarized sunglasses are so useful. At this point, we need a mental model of what is going on. 
Most textbooks present a model that uses a vibrating rope or string and a slit-like obstruction. This is the simplest model, but it is wrong. This model suggests that light that is polarized parallel to the filter alignment will pass, but it is in fact the opposite. Have the students stand to represent the long conducting molecules in the filter. Their hands represent the electrons that are free to move up and down but they are not free to move horizontally. Point up to show the direction of the electric field – their hands should go down. Point up and down a few times and their hands should follow 180( out of phase. Then point left and right – nothing should happen. Go back to up and down fields. Point out that their moving electrons mean that they now have energy. Where did it come from? It came from the electric field, which is then attenuated. Walk through the class with your oscillating electric field, slowly decreasing in amplitude. 
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5) Unpolarized light is shone at a filter at 0( then another at 45o. Through both filters you will get

a) half the light



b) one quarter of the light
c) one eighth of the light


d) nothing

The effect should be between that of the first two questions, so answers a) and d) are eliminated. Answer b) is halfway between the other two, and should seem reasonable by symmetry. However, the cosine of 45( is 0.707 not 0.5. The component must be squared. 

This is known as Malus’ Law. In general, the intensity of a wave is proportional to its amplitude squared.
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6) Unpolarized light is shone at a polarizing filter and then another turned by 30o. The first multiples it by one half and the second by

a) one half



b) three halves

c) one quarter



d) three quarters

The answer should be between the answer for 0 o and 45 o, that is between ½ and ¼, so that eliminates a), b) and c). As well, cos2(30) = ¾. 
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7) Unpolarized light is shone at a filter at 0( and then another at 45o and then another at 90 o. Through all three filters you will get

a) one quarter of the light

b) one eighth of the light
c) one sixteenth of the light

d) none of the light

It is not d)! Adding the middle filter, results in more light getting through. Ask them to try to explain it. This is a good white board opportunity. Some groups will have a conceptual answer. The middle filter is rotating the direction of polarization – rather like changing directions on a bike by stages rather than trying to turn 90( all at once. Others will apply the math rules step by step. The first two filters let through ½ x ½ = ¼ of the light. The final filter is at 45o to the previous one, so it lets through ¼ x ½ = 1/8.  
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8) Which set of filters will pass more light? A filter at 0 o then

a) 90 o




b) 45 o then 90 o 
c) 30 o then 60 o then 90 o


d) 22.5 o then 45 o then 67.5 o then 90 o

The more steps you take getting to 90 o, the more light that gets through as was seen in the previous answers. It is as if the polarizers are gently rotating the light’s polarization. Certain materials (birefringent, i.e. sugar, stressed plastic, calcite) do this naturally. 

This one is hard to demonstrate fully and clearly. Three filters are definitely better than two. However, after that, the polarizing advantage of smaller angles is offset by the disadvantage of more regular absorption from more layers. The amounts for the four answers are: 0, ½ x ½ = 0.25, ½ x ¾ x ¾ = 0.28 and ½ x 0.923 = 0.39. 
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9) What is the effect of calcite crystal on light? 

The clearest demonstration is to place the crystal over a small dot on a piece of paper. You will see two dots. The distance between the dots depends on the thickness of the crystal. The alignment of the dots depends on the orientation of the crystal. If you look at the dots through a polarizing filter while rotating the filter, you will see one disappear and after 90( it reappears and the other one is gone. Unfortunately, for students to see this effect you need many calcite crystals or you need to wait while it is passed around. You can demonstrate the effect to the whole class if you have a laser pointer and one very good crystal. The beam will be clearly split into two parts. A filter can eliminate one of these – but the other one will only be dimmed. This is because lasers are already polarized and one beam has most of the intense laser light, which a single filter cannot block completely. 

At this point you could have small groups discuss how to act out the difference between a filter and a crystal using the hands-as-electrons model from before. The key feature that they should demonstrate, is that the filter destroys one polarization while the crystals just sorts them into different paths. The following questions can be assigned for homework.

Extension Questions

10) Calcite crystals give different results than a polarizing filter. What is the difference? 

A filter has no effect on one polarization and absorbs the perpendicular polarization. A calcite crystal, does not destroy any light, it just sends the two polarizations off in different directions.
11) Light cannot get through a filter at 0( and then 90(, but it can if a filter is placed at 45( between them.

a) Explain why this is surprising.

Adding a filter is letting more light through. Usually filters reduce the amount.

b) Explain how it is possible. Include a diagram.

Half of the light gets through the first filter. Half of that light – the appropriate component – gets through the next. Half of that light gets through the third. 

12) Unpolarized light is sent toward filters at 0(, 20(, 40( and then 80(.

What percentage of the light gets through? (Show your steps.)

It will be 100% x 0.5 x 0.9397 x 0.9397 x 0.766 = 68%

13) Why are sunglasses polarized? You might want to look at the website of Physics 2000.

Reflected light is polarized parallel to a non-metallic surface. This is called glare and can make it too bright and make it hard to see the non-glare objects. Polarized sunglasses reduce glare much more than the rest of light. 

14) Why do photographers use polarizing filters? 

The filters reduce glare and they also reduce scattered or randomly reflected light that adds a white noise to the whole scene. Removing this light makes colours more vivid and increases the contrast between clouds and sky.













