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Radiowave Propagation in the Medium and High Frequency Spectrum

1 Definitions

Radiowave propagation

Medium Frequency  300-3,000kHz (300kHz-3MHz)

High Frequency 3,000-30,000kHz (3MHz-30MHz)

2 Ground Waves


Figure 1 The Situation at VHF
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But at HF
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 The last term is the surface wave.

Ground Wave = Direct Wave + Reflected Wave + Surface Wave

At MF and in the lower HF bands, aerials tend to be close to the ground (in terms of wavelength). Hence the direct wave and reflected wave tend to cancel each other out (there is a 180 degree phase shift on reflection). This means that only the surface wave remains.

So what is a surface wave? It’s a wave that travels along the surface of the earth by virtue of inducing currents in the earth. The imperfectly conducting earth leads to some of its characteristics. Its range depends upon:

· Frequency

· Polarisation

· Location

· Ground conductivity.

So the surface wave dies more quickly as the frequency increases. Conversely at very low frequencies, the tilt angle can equal the curvature of the earth and the surface wave will travel for very long distances indeed.

The range for surface waves is approximately described by:
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	Frequency (MHz)
	Range (miles)

	1.8
	93

	3.5
	67

	7
	47

	14
	33

	21
	27

	28
	23



This table is for vertically polarised surface waves. Horizontally polarised surface waves are heavily attenuated and don’t go far at all. The table is just a rough idea. What you will achieve depends upon your system.

2.1 What use are Surface Waves?

They are very stable – no fading or phase distortion

They are very predictable

They are the way we receive medium wave signals during the daytime

They are what we use on topband (160m or 1.8MHz) for mobile operation during the day

2.2 Exercise

1.
Using a standard medium wave receiver tune around between 1200 and 1300 listening for a relatively weak but stable station (try a local radio station about 50-70 miles away). Listen to it at 1200 or 1300 to identify it; they usually identify on the hour. Note its signal strength, quality, is it distorted or not, using the SINFO method on the attached sheet. You can now turn the receiver off but leave it tuned to this station.

2.
At 2100 turn on your receiver and listen to the same frequency. Can you still hear the station? If so, how does it compare to the signal at 1200? Is it stronger or weaker, is the signal stable or fading, is it clear or sometimes distorted. If you can’t hear the same station, note why not. Was it due to interference? How does the interference sound? Use the SINFO method for recording the signal again.

We will discuss the results next time.

2.3 Questions to think about

Do medium wave stations use vertical or horizontal aerials?

How far do you think that you could expect to get in the daytime with a topband mobile?

What differences in results would you expect between topband mobile and VHF mobile during the day?

If you listen on 40m during the day you can hear signals from all round Europe. Are these surface waves?

Next time – Space Waves

The SINPO Code

The SINPO code is a way of quantifying reception conditions in a five-digit code, especially for use in reception reports to broadcasters. The code covers Signal strength, Interference (from other stations), Noise (from atmospheric conditions), Propagation disturbance (or Fading, in the SINFO code), and Overall. The code is as follows: 

(S)ignal       (I)nterference   (N)oise        (P)ropagation   (O)verall

 5 excellent    5 none           5 none         5 none          5 excellent

 4 good         4 slight         4 slight       4 slight        4 good

 3 fair         3 moderate       3 moderate     3 moderate      3 fair

 2 poor         2 severe         2 severe       2 severe        2 poor

 1 barely aud.  1 extreme        1 extreme      1 extreme       1 unusable

In recent years, many broadcasters have tried to steer listeners away from the SINPO code and toward the simpler SIO code. SIO deletes the extremes (1 and 5) and the noise and propagation categories, which were confusing to too many people to be useful. In sending reports to stations other than large international broadcasters who are likely to understand the codes, it is better to simply describe reception conditions in words.

Some Further Thoughts

Surface Waves over a perfectly conducting plane surface would be vertically polarised and reduce in strength by 6dB with each doubling of the distance from the transmitter. If the perfectly conducting plane was removed, the signal strength at the receiver would be unaltered as the direct wave would remain (it would no longer be cancelled out by ground reflections) Then the polarisation would not matter and vertical or horizontal polarisation would work equally well.

A very famous antenna called the Beverage makes use of the effects of an imperfect earth and responds to the low level but nearly horizontal waves that exist close to the ground. The Beverage is a very long wire aerial (several wavelengths long). Hence, Beverage aerials tend to need to be low and often work best where ground conductivity is low.

G3CWI

With thanks to G3ORY for lots of useful suggestions.
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Figure � SEQ Figure \* ARABIC �2� Surface Waves Tilt





�
The wave travels slowest at the ground. The higher the frequency the faster they tilt.











� At this frequency, aerials can be a wavelength or two more above the ground and the direct wave and reflected wave may predominate.






1
Last edited 15/05/2001
3

_1049645191.unknown

_1049652290.unknown

_1049644146.unknown

