Quantum Polarization: Part 2

Polarized Photons

The answers for this part cannot be supported by classroom experiments. It would be nice if there were a good computer simulation that could give the results, like the PhET simulation does for quantum wave interference. There are a number of key concepts that distinguish quantum physics from classical physics. These will be highlighted as the lesson proceeds.

Slide 1
1) 1000 unpolarized photons are shone at a polarizing filter. Through the filter you will get

a) exactly 500 photons
b) at least 500 photons
c) around 500 photons
The answer cannot be given precisely but it is most likely to be 500. This is demonstrating the INTRINSIC RANDOMNESS of QM. It also showcases the WAVE-PARTICLE DUALITY. Photons behave like particles - there can only be a whole number of them. However, they exhibit polarization - a transverse wave property. 

Slide 2 - 4
2) 501 photons passed through a filter at 0( .How many of these would most likely pass through another at 45 o?

a) 200 photons

b) 252 photons

c) 300 photons

Here the students must use the results developed for many, many photons in the first section where ¼ of the light gets through. Answer b is the best answer of the three but not the most likely of the choices given, which is 250, assuming perfect filters. Measuring the vertical-horizontal basis causes UNCERTAINTY of the photons polarization in any other basis. The photon is described as being in a SUPERPOSITION of states for +/- 45(.

Slide 5

3) A single unpolarized photon is shone at a polarizing filter. Through the filter you will get

a) a photon    b) half a photon
c) a photon with half the energy        d) a photon or no photon
You either get a photon or you do not. You can’t get something in between and you can’t predict for certain what you will get. However, when you measure the polarization it will be in one DISCRETE or QUANTIZED state or another. 

Slide 6

4) A photon is shone at a filter at 0( and then at another at 90o. Through the filters you will get

a) a photon
b) nothing
c) 50 % chance of a photon
d) 25 % chance of a photon

Uncertainty, doesn’t mean that we don’t know anything, some things are certain; the photon is stopped by either the first or the second filter.
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5) A photon is shone at a polarizing filter and then one at 60o. Through the filters you will get

a) 1/8 chance of a photon


b) 1/2 chance of a photon

c) 3/4 chance of a photon


d) 3/8 chance of a photon

½ x ¼ .

Extension or HomeworkQuestions

6) Calcite crystals give different results than a polarizing filter. Compare what will happen to a photon sent into a calcite crystal vs. a polarizing filter.

The photon either goes one way or the other in the calcite, but in the filter it is either unaffected or destroyed.

7) A photon cannot get through a filter at 0( and then 90(, but it can if a filter is placed at 45( between them. Explain how this is possible.

The filters of 0( and 90( are opposite polarizations in the horizontal-vertical measuring basis. However, 45( is in a different basis. A vertical photon is in a superposition of +45 and –45 in this new basis. When measured, it is forced into one or the other. Now it is in a superposition of horizontal and vertical. The third measurement forces it into one of these two states.

8) An unpolarized light is sent toward filters at 0(, 30( and then 75(. What is the chance that a photon will get through?

½ x ¾ x ½ = 3/16 .

9) Describe how polarized photons exhibit some of the key concepts of quantum mechanics as opposed to classical mechanics.

a) wave-particle duality

It is always detected as an entire photon, either there or not there. However, it is polarized, which is a wave behaviour.

b) Randomness

You can’t know what an unpolarized photon will do, no matter how closely you measure it. Its behaviour is intrinsically random. However, the statistics of many, many photons can be predicted very precisely.

c) quantized states

The polarization of a photon can only have one of two values in a given polarization basis. A classical wave can be polarized in any direction.

10) Polarized photons are being used to provide a completely secure way of transmitting messages. Anyone trying to listen in will be detected. How can they be sure that it is completely secure?

This is quantum cryptography. It is covered in a later lesson, but for now, the students should be able to do some research to determine that it is secure because an eavesdropper can detect the photon and its polarization, but if they use the wrong basis, they will have changed the photon. When they send it on, this change can be detected.













