Quantum physics in the bedroom                                                     (by T.A.M. Versteegh)

This experiment shows the quantum behaviour of light by means of a glow in the dark toy.

Needed material: Some glow in the dark stars (preferably in different colours) 

       a lamp

       different colour filters or filter material of good quality (red, green and blue)

       if available, an ultra-violet lamp

       a (really)dark room

If a light source shines upon a glow in the dark toy it absorbs some of the light and after some time emits it again. When the original light source is removed, the toy will carry on emitting light for some time.

Usually the light source contains the full spectrum of light. The glow in the dark however, emits light of a specific colour, usually green. (If there are there other colours, please let us know where we can buy them) We can use the toy to show the quantum behaviour of light. 

The experiment explained more precisely: 

If we consider the spectrum of visible light, the amount of energy contained in a photon

increases from red to yellow, to green to blue to violet (to ultraviolet). If the amount of energy in a photon is high enough, it can excite an electron of an phosphorescent atom to a higher energy level. However after some time, the excited electrons randomly fall back to their original state and loose their energy by emitting a photon again. 

The energy levels of the electrons are very precise. This means that, when an excited electron falls back to its lowest energy level, it emits a photon with a very specific amount of energy and thus with a very specific colour. The colour of the toy we used is green. 

In order to get such an electron on a well defined higher energy level, the energy of a photon must be higher than, or equal to the energy of the photon which the electron emits when it falls back to its ground level, therefore in our case, more energy than a photon of green light.

The experiment:

Take the audience into a dark room. Show that the toy does not emit light by itself. Then shine a light on it for a while. After the light source is switched off you can show that the toy continues shining for a while. Let the audience verify with which colour it glows.

Now take another toy (not already glowing) and put a red filter between the lamp and the toy. After some time, switch off the light - the glow in the dark does not emit light. Now put a green filter between the lamp and the toy. After some time switch off the light and see that the glow in the dark just glows very faintly green (When hitting an electron exactly on the right spot, the photons just carry exactly enough energy to excite the electron).

Now put a blue filter between the lamp and the toy. After some time switch off the light and see that the glow in the dark just glows brightly. Green!!. The photons carry enough energy to excite the electron into a higher energy level. As mentioned, this energy level is very well defined, so also in this case the toy will emit green light.

By using a UV-light you can show that light is a part of a big family. Although invisible to the human eye, UV light has similar properties and is also able to excite the electrons of phosphorescent matter.                     

Explanation to pupils

As an explanation I use the analogy of jumping frogs. 

There are several species of frogs on this earth. For the sake of the explanation I tell them that they all have different colours. For instance, red, yellow, green, blue and violet frogs. Now, we have discovered something curious about these frogs: in a high jumping contest, the violet frogs are the best, they can jump highest, followed by the blue ones, the green ones and the yellow ones. The worst jumping frogs are the red ones. In these sports contests they can only perform their best jump once. Furthermore when you make a jump you will fall back to the earth. The higher you jump the harder you will hit the earth; you hit the earth with more energy. 

Now, all the frogs are sitting in a ditch and they want to get out of the ditch. Depending on the depth of the ditch, more or less frogs can jump out. If the ditch is shallow enough, even the red frogs can jump out. Now lets suppose that we have a ditch where the green frogs can just jump as high as the depth of the ditch. Will all the green frogs manage to get our of the ditch? Which frogs do get out of the ditch, which frogs won’t?

After a while a frog gets bored by being out of the ditch and would like to get wet again. (Does each frog get bored at the same time? Would they all want to go back at the same time?) 

But as they’ve used all their energy by making their jump, the only thing they can do is crawl over the edge and fall back into the ditch.

When a frog falls back into the ditch, the energy with which it hits the bottom is exactly equal to the energy with which a green frog hits the bottom, when he jumps and fails to make it to get out of the ditch.

Now suppose that the energy gain in the free fall is not transformed into frog deformation energy and sound energy but into light and suppose that the colours of the frogs represent the colours of light. What colours would you see? And which colours do you see, when you increase or decrease the depth of the ditch? 

