TAP 313 - 4: Polarisation in practice

Answer these questions about uses of polarisation.

Radio and television

Most portable radios have a vertically extendable stick aerial of a metre or so in length to receive signals. TV aerials can have many short horizontal rods attached to them.

1.
What limit does the length of the stick place on the frequency band received by the radio aerial? 

2.
Explain why the orientations of the two aerials might be so different. 

3.
Outline how the radio wave produces a varying potential difference across the aerial. 

It is midday. The Sun is in the south, and is 56 above the horizon.

4.
Which direction should you face to observe the maximum polarisation of light scattered from the sky? 

5.
The sky on the horizon is observed through a Polaroid filter which is then rotated. What angle with the horizontal will the filter make when maximum transmission occurs? 

6.
Ants emerging from a nest in shadow have been observed to turn their heads skywards and to rotate them about their body axis. Can you make sense of this behaviour, given that ants' eyes have a natural polarising filter? 

7.
If you turned to face the northern horizon, with the Sun at your back, would you expect to find any evidence of polarisation in the scattered light? Explain, possibly using a diagram. 

Magnetic compasses are rather useless in polar regions. However, if the Sun is below the horizon but there is scattered light from the sky a solar compass can be used which analyses the polarisation of the scattered light.

8.
Why are magnetic compasses useless near the Earth's poles? 

9.
How might a solar compass operate, and why would you need a clock as well to 
determine direction? 

The next group of questions attempt to get you to think about photoelastic stress analysis and what might be occurring in a stressed plastic specimen showing the effect between crossed polarising filters.

10.
What must the plastic be doing to the light to enable passage through crossed Polaroid filters? 

11.
What evidence is there that different colours have their direction of polarisation rotated by different amounts? 

12.
What determines this amount of rotation? 

13.
A ruler shows coloured bands before any stress is applied. Why is this? 

14.
What does a line of equal colour (an isochrome) indicate? 

15.
Sugar solution has the ability to rotate the direction of polarisation of light depending on the concentration of the solution. Suggest how this could be used in a sugar factory to test the strength of a sugar solution.

16.
If a liquid crystal display on a watch, calculator or laptop computer is viewed through a polarising filter, the display can be extinguished for certain orientations of the filter. What does this tell you about the construction of such devices?

Hints

1.
Use f = c/ λ 

2.
Think about the possible polarisation direction of the electric field.

3.
Consider a free electron in the metal of the aerial.

4.
What direction is south at the North Pole?

5.
In which direction in relation to the Sun will the light from the sky show maximum polarisation?

Practical advice

These questions practice the geometrical thinking needed to understand polarisation, and show it in use in a variety of ways.

Extra information for question 13, some or all of which may be shared with faster students: The removed colour depends on the stress, being removed by a process called interference, met soon. The interference occurs between two beams that start transversely polarised and are refracted (birefringence) and rotated by different amounts depending on the stress. Eventually the two beams for one colour can end up oscillating in opposite senses and cancelling to zero. A very deep explanation of a beautiful and simple to observe phenomenon.

Alternative approaches

Some questions of your own, or possibly some home experiments on polarisation using polarising sunglasses.

Social and human context

Exploiting the contexts implicit in the questions can lead to fruitful discussion.

Answers and worked solutions

1.
Around 100 MHz or greater. f > 3  108 / 2 Hz.

2.
The local radio wave is vertically polarised for its electric vector, whereas the local TV 
signal appears to be horizontally polarised.

3.
The passing oscillations of the electric field exert a force on the free electrons in the 
aerial and force them to vibrate in sympathy, setting up a small voltage which can be 
detected and amplified.

4.
Facing either west or east. Waves scattered transverse to the original direction of 
propagation can have no component of vibration parallel to that original direction.

5.
The permitted direction of the polaroid should be transverse to the line of elevation of the sun, i.e. at 34° to the horizontal. (34° = 90° – 56°).

6.
The ants may be taking a sense of direction from the polarised light from the sky, when the sun is not directly visible.

7.
No. Back-scattered light could have its vibration direction at any transverse angle to the original beam direction.

8.
All directions are due south at the north magnetic pole! The magnetic field is actually vertical over the pole!

9.
By finding the direction of maximal polarisation in skylight, a transverse direction to that would point towards the sun. Using the time of day for expected solar position could then yield the required orientation.

10.
The stressed plastic must be rotating the polarisation direction of the polarised light.

11.
Different colours are produced for various stresses within the specimen.

12.
The stress determines the amount of rotation, increasing the stress slowly moves the 
coloured bands.

13.
The ruler's injection moulding production process involved stressing semi-molten plastic 
into a mould. As it cooled differentially from the outside inwards, stress built up in the contracting plastic with a solid outside crust, this is locked into the material.

14.
A line of constant stress. The coloured lines are not bright spectral colours as you would observe for white light dispersed through a prism, but rather a duller spectrum of white light with one colour removed (as in soap bubbles).

15.
Place the solution in a standard rectangular cell between crossed polarising filters. Some light will pass due to the rotation of the polarisation by the sugar solution. If the second polarising filter is rotated until the light is obscured, the angle through which the filter is rotated is a measure of the degree of rotation and hence of the strength of the solution. (In fact these polarimeters show a good linear response. Sugar is optically active because of asymmetry in its molecular shape – some sugars rotate to the right and some to the left – nature's sugar molecules seem to prefer one sense of rotation!)

16.
The displays must already incorporate another polarising filter, or themselves produce polarised light.

External reference

This activity is taken from Advancing Physics chapter 3, 140S

