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Radiowave Propagation in the Medium and High Frequency Spectrum

1 The Ionosphere – Quiet Sun

The ionosphere is a region of the upper atmosphere from about 80km to several hundred kilometres where free electrons can exist. Electrons are charged particles – thus they can interact with electromagnetic fields (radio waves). The electrons come from atoms and molecules of atmospheric gases. Normally, theses atoms and molecules are neutral (equal amounts of positive and negative charges). Energy is needed to disassociate the electrons from the atoms and molecules, this process is called ionisation, electrons and ions are produced. the energy required for ionisation come from the sun. The sun’s ultraviolet and x-ray radiation does most of the ionisation.

In general as you go higher into the atmosphere, the density of gases decreases (hence if you climb Everest you might well need oxygen). Free electrons can only exist for any length of time if the gas density is low. If it is high (at ground level for instance), electrons and ions will instantly recombine. In the ionosphere, this recombination takes a while (several seconds to several hours).

In the lower atmosphere (troposphere and stratosphere), the atmospheric gases are well mixed. In the ionosphere the vertical distribution depends upon the molecular weight of the gases. Different gases respond in different ways to the sun’s ionising radiation. The interactions absorb energy from the sun’s radiation at specific wavelengths and hence as you go through in the ionosphere there will be different densities of electrons. 15-18nm tends to be absorbed above 140km and so below that, wavelengths either side of this window are responsible for the ionisation.
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Because the ionisation process is driven by the sun, there are variations in the ionosphere between daytime and night time. During the day, the sun causes the formation of regions of ionisation (called layers). Starting at the top is the F layer, which is often subdivided into F1 and F2. This layer is at 250-300km. Here the highest electron densities occur because recombination is slow and the sun’s radiation is at its strongest. The F2 region is responsible for most of the long distance propagation at HF.

Below the F layer is the E layer, this can also refract radio waves and has an important role to play.  Its peak is at 110-115km. Finally, there is the D layer at a little less than 100km This does not help us generally as it tends to absorb radio signals, especially below 7MHz. Fortunately, it recombines (disappears) very rapidly once the sun sets. At night, the F1 and F2 regions tend to join together and drift higher to form, a single F layer. The E region tends to recombine (disappear). You can see from this that at dawn and dusk, there will be a lot happening in the ionosphere – remember that the ionosphere will “see” the sun long before and after we can at ground level.
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If you launch a signal straight up at a range of frequencies, you can clearly see the layers. Here we can see the F layer and E layer. There are two F layer traces because the ionosphere is responding differently to different polarisations.

This layer model is a very simple way of representing the ionosphere. The real situation is usually not as clearcut. However, this layer model is the basis for most of the propagation prediction tools that are available. Often, these tools only consider the F2 layer as that is the one that is most useful (and predictable) for long distance propagation.

I mentioned that the electron density profile changes between night and day. This is called a diurnal variation. But it’s not the only variation that we need to know about. There are seasonal variations and variations related to the 22 year solar cycle (11 sunspot cycle).

During the summer, solar radiation is high and the F2 layer tends to at a greater altitude than in the winter. It also tends to be more heavily ionised in the summer. During the winter the layers are closer together and the F1 and E layers are more heavily ionised than in the summer. The D layer is ionised less in the winter than in the summer – so in the winter the lower HF bands can support long distance propagation in the daytime. 7MHz. and 10MHz in particular, can support long distance communications at any hour in the winter.

The solar cycle is a variation in the amount of energy given out by the sun. At the peak (called the sunspot maximum) there is much more energy available for ionisation, hence propagation tends to be better – especially on the higher HF bands. In the low sunspot years bands such as 10 metres will rarely support long distance propagation as there is insufficient ionisation to refract the radio waves.

1.1 Exercise

Have a listen on 80 metres during the daytime. At this time, the D layer will be heavily ionised and will absorb longer distance signals. Then have a listen at night (during darkness). The D layer will have gone and the European stations will be strong.

Try listening to 160 metres around dusk – you can hear the longer distance signals increase in strength quite rapidly sometimes as the D layer recombines.

1.2 Questions to think about

What effects will the various processes that I have explained above have on radio propagation on the different bands?

Why is it that sometimes the bands sound dead?

Why is that propagation seems rather unpredictable?

Next time – The Ionosphere – Disturbed Sun
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