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Scattering of Light by Suspended Clusters: Student Reading
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	Figure 1a: Dust clusters from a passing car scatter sunlight 
	Figure 1b: Without the dust clusters we can not see the sun rays


 What is Scattering?

Scattering is a phenomenon in which light is redirected in different directions by small clusters of atoms suspended in some other substance. A common example of scattering is when you shake out a dusty object in a sunny room - the dust seems to sparkle in the air. This effect occurs because the dust is scattering the sunlight, which then reaches your eyes. Scattering also explains why snow and salt are white, and why the sky is blue. In each of these situations, the light is being redirected many times before it reaches our eyes. This is why the process is called multiple scattering.
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	Figure 2: What is wrong with this picture?[1]




In many cartoons we often see the “light” from a flashlight in the dark, but this is a false image because we can not see this light unless there are clusters there to scatter it towards our eyes. Try shining a flashlight at a wall in a dark room. Can you see the beam of light between the wall and the flashlight (like in the picture above)? Now sprinkle some baby powder in the air while you shine the beam. Can you see the beam now?
How Does Scattering Occur?

When lots of clusters of one material are suspended in another material (for example drops of water in the air, or active sunscreen ingredients in the lotion) light has a chance to interact with these many clusters. The interaction bends the light in many different directions. After this, it will then continue traveling in the suspension medium until it reaches another cluster. If the light is bent multiple times in multiple directions, we call this multiple scattering.
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	Figure 3: Scattering of light by a suspended cluster
	Figure 4:  Multiple scattering of light by suspended cluster


While on the micro-level scattering redirects the light in many different directions, on the macro-level this combines to produce one of two results: the light is sent back in the general direction from which it came at various angles (back scattering) or the light continues in the same general direction it was moving, but at various angles (front scattering).

Does Scattering Always Happen?

Whether or not scattering will occur depends on many factors. For clusters suspended in a medium some of the most important factors are: the identity of the clusters, the identity of the suspending medium and the cluster size. Scattering happens most when the clusters have a diameter that is half as big as the wavelength of light involved. So a 200 nm cluster would scatter 400 nm light the most and it would scatter 300-500 nm light quite a bit as well. The amount of scattering continues to decrease as wavelengths become much bigger or much smaller than 400 nm, as shown in figure 5.
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	Figure 5: Graph of Scattering for a 200 nm ZnO Cluster in Sunscreen
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