TAP 313 - 2: Polarisation by scattering

Scattered light is polarised

Light like that from the blue sky is scattered. It is also polarised, and the direction of polarisation contains information about the direction of the Sun, used by birds and insects for navigation.
You will need

· parallel beam projector (with small circular aperture)
· power supply, 0–12 V dc and ac, 6 A

· plastic tank, rectangular

· polariser, optical

· skimmed milk (a few drops)
Getting scattered light

Light is scattered by very small particles suspended in water. If it is scattered at right angles to its original direction, the scattered light cannot oscillate along its direction of travel, so it must be polarised.
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1.
Fill a transparent tank with water. Add a drop or two of milk and stir. The aim is to make the water cloudy enough for a beam of light shone through it to be just visible, no more, from the side.

2.
Shine a narrow beam of light through the tank.

3.
Look through a polarising filter at the beam as seen looking horizontally at the side of the tank. The diagram shows that this light must be vertically polarised. Turn the polariser until the beam becomes invisible. The direction of polarisation in which the polariser passes polarised light must now be parallel to the beam in the tank. Mark this direction on the polariser.

4.
Now look down on the beam from above. This scattered light must also be polarised at right angles to the beam, as shown in the diagram. Test this by holding the polariser with its transmission direction along the tank: the beam should become invisible again.

You have seen

1.
Light being polarised by scattering.

2.
How to deduce the polarisation direction of a polariser.

Practical advice

This demonstration involves a neat piece of logical thinking which good students can and should enjoy. A simple argument tells us the direction of polarisation of scattered light. Because light is transverse, the electric field oscillates at right angles to its direction of travel. But if it is scattered at right angles to the direction of travel, oscillations in the scattering direction cannot contribute to light going in that direction or it would be longitudinal, not transverse.

More concretely, light in the original beam will set electrons oscillating in scattering particles. Only the oscillations at right angles to a scattering direction can contribute to sending light in that direction.

For the demonstration to work it is essential not to have so much scattering material (milk) that a photon is scattered more than once. Like light from clouds in the sky, scattered light from really milky water is not polarised; it has come from so many directions that the original direction is lost. In practice this means that the scattered beam must be only just visible, which is achieved with much less milk than one would anticipate. Try one drop at first, and one more if necessary.

Alternative approaches

If the day is sunny and the sky blue, take the chance to check that the blue sky at right angles to the direction of the sun is polarised, and note that the direction agrees with that deduced from the direction of the Sun.

Social and human context

Some insects and birds use the polarisation of light from the sky for navigation.

External reference

This activity is taken from Advancing Physics chapter 3, 130E

