A Quantum Eraser






Name ___________________

This quantum eraser is a demonstration of measurement-disturbance in the double slit experiment, which you can do with stuff you have lying around your home
. It can help you do something concrete when your students ask awkward questions about “Which slit does the photon/electron/other-quantum-object go through?” It is best done after they have explored polarized light thoroughly.

This file is the same as the student version except for all the extra instructions and answers in bold font. Here’s what you do. Direct a laser pointer at a screen at least six meters away – twelve is better. You will see a bright spot with some interference pattern around it. The interference pattern is caused by the light diffracting around the edges of the opening of the laser. There’s enough weirdness in this demonstration that you probably don’t want to get into an explanation of this pattern. 
 Just direct their attention to the main, bright pattern. Laser light is usually partially polarized and the demo won’t be very clear if it is largely polarized vertically or horizontally. Rotate the laser so that the light is brightest when passing through a polarizer at 45( to vertical. Remove the filter. 

1) A laser pointer forms a circular spot on a wall far away. Two narrow slits will be placed near the laser, right in the middle of the beam. What do expect to see on the wall? Sketch your answer in the space below and give a brief explanation.




How can this be explained with the wave model of light?


How can this be explained with the particle model of light?

How can this be explained with quantum mechanical model of light?

Interpreting this result as a classical wave phenomenon is pretty straightforward.  Half of the beam goes through one slit and interferes with the half coming through the other side. This cannot be explained with a particle model of light. If the intensity of the light is really, really low, we would see that light arrives one photon at a time at very specific locations. Therefore light cannot be a classical wave. Light interference is fundamentally a quantum phenomenon with particle-like and wave-like behaviours. So, does each photon go around one side or the other or does it go around both? We will explore this question using polarizing filters.

2) A small bit of polarizing filter was cut it in half and taped together as shown in Figure 1. This will be placed on the overhead projector and a third filter will be placed above it. What do you expect to see? Why?


One side will be dark and the other side will be light. As the third filter is rotated through 90(, the shades reverse. At an angle midway between the positions of maximum contrast, the two sides are equally grey. If you haven’t done polarized light yet, it is possible to get stuck here for a while. Don’t. The important point is that the filters are able to show us which side of the pin the light goes through. Demonstrate the effect with the laser to solidify this idea. 
3) The third polarizing filter will be removed. What will you see if you look at the screen with polarizing glasses?

Not much. The light will be dimmed slightly by the glasses, but one eye will be the same as the other. This is because reflection from the wall depolarizes the light. 

4) The light from the overhead projector will be pointed at a tin foil screen instead. What will you see if you look at the screen with polarizing glasses?

Reflection from a metallic surface does not change the polarization. If you tilt your head at 45 degrees, one eye will the left black and the other will see the right black. This is how 3-D films are projected. The purpose of this demonstration is to allow students the chance to individually experiment with rotating the polarizer and seeing its effect.

5) The taped filters will be placed so that each filter covers one of the slits. The laser will be pointed at the slits. What do you expect to see without the glasses? Why?

You will see one large blob with no interference pattern.The quantum mechanical explanation for this is that the two paths are no longer equivalent. Our measurement allows us to distinguish light going around one side from the light going around the other side. The pattern we now see is the result of light that definitely went one way or the other instead of possibly either/both. You can only have two different paths interfere if they are indistinguishable.

6) What will you see with the glasses? Why?

It depends on how the glasses are oriented. If the head is tilted at 45 degrees, then the filters are horizontal and vertical and the pattern will look dimmer but otherwise the same. You are just seeing half on the non-interfering photons.  If you head is held normally, you will see the pattern return. This is because a 45-degree filter lets through half of the horizontal and half of the vertical photons. You can no longer tell which slit the photons went through, so they interfere.

7) Another filter has been cut and joined as shown in Figure 3. What will you expect to see if it is placed between the other filters and the wall? Explain your prediction. In what way is this a quantum eraser?

I don’t expect any student to predict this result. Note that the two patterns are very similar but shifted horizontally. The maximum of +45( occurs at a minimum of -45( as shown in Figure 4. If you think about it, it has to be like this.  When there is no third filter, both patterns get through and it appears as if there is no interference pattern because the pattern of no third filter is just the simple sum of the pattern for +45( and the pattern for -45(. 

So what is the quantum mechanical explanation? Does the photon go around one side or both? As we’ve seen in these demonstrations, you can only get an interference pattern if you can’t tell which path the photon followed. In those situations, each photon has a probability of going around each side and the amplitudes of the Schrodinger wavefunction for these two paths interfere and result in a pattern of probability of where the photons will land on the wall. The mathematics is very precise and gives very accurate predictions of the experimental results - but it doesn’t explain what the physical reality of a wavefunction is. 

There is no explanation of this, although there are many interpretations – Copenhagen, Many Worlds, Bohm waveguide etc. All these interpretations give the same mathematical predictions so there is no way to test them experimentally. Perhaps these interpretations are philosophy and not science.

The question of which path a quantum object followed is an active area of research. In May 2007 an experiment was done by Peter Sonnentag and Franz Hasselbach with electron interference in which they examined what happened when you measured which path an electron took. 
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An electron beam was split into two by a charged wire. The two paths are then recombined by an electric quadropole. The negative poles point the electrons back in and the positive poles stretch the beams vertically. The path of an electron can be detected when it passes over one of two conducting plates. It is able to cause a small current flow, which causes the conductor to heat up slightly. An example of the results is shown below. The numbers at the side indicate how far the electrons passed above the conducting plates. 
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The electrons at the top passed too far from the plates to have any significant effect. However, by 10 m the interference pattern is clearly blurring and by 5 m the pattern has completely disappeared. (Below this, the pattern spreads because of charged dust particles from the plates.)  In this experiment we can see the effect of gradually increasing knowledge of which path was followed. 











� The original article was in Scientific American April 2007 and can be found at � HYPERLINK "http://www.sciam.com/slideshow.cfm?id=a-do-it-yourself-quantum-eraser" ��http://www.sciam.com/slideshow.cfm?id=a-do-it-yourself-quantum-eraser� 


� You can make the interference pattern dimmer by wrapping some tinfoil around the tip of the laser, securing it with an elastic band and making a small hole in the centre of the tinfoil with a pushpin. The interference pattern should be dimmer or eliminated. This leaves you with a cleaner but fainter source of light. 





