Radiowave Propagation
Stockport Radio Society
Tuesday, 29 May 2001
Radiowave Propagation
Stockport Radio Society
May 2001


Radiowave Propagation in the Medium and High Frequency Spectrum

1 Sky Waves

These are generally the most useful sorts of waves for radio hams.
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Refraction of waves occurs in a part of the atmosphere called the ionosphere. This is a region where there are electrons and ions floating freely. More on the ionosphere in the next talk. Refraction changes the direction of a wave as the wavefront travels faster in the ionised region. This tends to tilt it forward and is there is enough ionisation it will return to earth instead of travelling out into space. In the amount of refraction depends upon the ionisation levels and the frequency. The refractive process becomes negligible above about 60 MHz and space waves above these frequencies will generally escape from the earth.

If the frequency is low enough and the ionisation intense enough, waves that are sent vertically upwards will return to the location of the transmitter (used to probe the ionosphere in a vertical incidence ionosonde). At a certain frequency (which varies all the time) the vertical waves will no longer be refracted back. This is called the Critical Frequency. Above this frequency the waves need to be in the ionised region for longer to refract back to the earth – this is achieved by sending them out at an angle instead of vertically. 

Above a certain frequency the waves will never return to earth – this is called the Maximum Usable Frequency (MUF). Each path will have its own MUF, which will vary with time due to changes in the ionosphere. The MUF will also change with direction. Typically the MUF at a particular point is 3.5 times the Critical Frequency.

There is a loss of signal associated with the refraction process; this is least close to the MUF so signals on the higher bands (say 10 metres) over very long ranges tend to be stronger than those on the lower bands.

However, refraction is not the only process that is of interest. Due to the height of the ionosphere, refraction alone will only give a maximum range of about 3000 km. To get longer ranges, the signal must reflect from the earth back up into the ionosphere. Each time the signal return to the earth is a “hop”. Because of the losses in both the refractive and reflective processes, the less hops that you can use to get to your destination the better (a little like changing trains – the less times you have to do it the more chance you have of getting there). To get less hops, you need a lower angle of radiation (making each hop longer), This also means that you can use higher frequencies, as there is more time for the wave to interact with the ionosphere. So for reliable long-range communications we need to radiate low angle signals on the higher frequency ham bands.
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There is sometimes a dead zone where the surface wave has run out and the ionisation levels and frequency in use will not allow the wave to return to earth. On a band like 10m this may mean that communications over relatively short ranges is virtually impossible.  For example it will be rare to hear signals on 10m from stations between 20km away (where the surface wave runs out) and 1500km away where the first ground reflection occurs. Sometimes signals can be scattered backwards though and when this occurs, short-range contacts are possible on 10m. Backscatter signals are usually weak and may sound rather hollow. They are weak because most of the signal scatters forward and only a little comes back.

In the right conditions, space wave signals can travel right round the earth – hams just a few miles apart have sometimes managed to contact each other using this “round the world” propagation. G3IOR sometimes tells people that his best “DX” is from Norwich to Aylsham (about 12 miles as the crow flies) – people are unimpressed until he explains that the signal went right round the world to get there! Sometimes you can hear your own signal, which has passed right round the earth. It appears as a loud echo when you return to receive. This tends to happen on the higher frequency HF bands where the losses are lower.

Commercial operators seldom use frequencies close to the MUF because working at the MUF can be unreliable – it only has to drop a little to leave you stranded. In commercial services, the normal rule is to use a frequency of about 85% of the MUF over the path you are interested in. This is called the Frequency for Optimum Traffic (FOT) and is the best compromise between loss and reliability. For amateurs there is no need to use the FOT as our communications tend to be quite short and are not normally very critical!

1.1 Exercise

Have a listen on 10 metres (28MHz) one afternoon (between 1400 and 1600) What is the most distant station that you can hear? What is the closest station that you can hear? Can you hear any British stations? If you can, what do they sound like, are they strong or weak?

Now listen again on 10m at 2200. What can you hear now? What do you think has happened? Where is the MUF now? Try and find it!

1.2 Questions to think about

If you want to contact someone in Aberdeen during the early afternoon using space waves, what band and aerials might you use? Will the angle of radiation you need be high or low?

Next time – The Ionosphere
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