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2.4
Amateur radio

2.4.1
General characteristics

The ITU Radio Regulations (RR) define the amateur radio service as: 


1.56

amateur service:  A radiocommunication service for the purpose of self‑training, intercommunication and technical investigations carried out by amateurs, that is, by duly authorized persons interested in radio technique solely with a personal aim and without pecuniary interest


1.57

Amateur-satellite service:  A radiocommunication service using space stations on earth satellites for the same purposes as those of the amateur service.

The maximum permitted transmitter power is dependant on national regulations, varying from around 100 Watts to 1 kW output power. Amateurs are the only users of relatively high transmit power in residential areas. However many amateurs choose to operate using low transmit powers in 

the order of a few watts. Amateurs use a wide variety of antennas and equipment, depending on location and financial means. Consequently, there is no “standard” amateur radio station. 

Amateurs do not generally have the opportunity to position antennas far away from electric wiring. They must install their antennas within the boundaries of their homes, which generally means in close proximity to mains and telephone wiring. Other sources of localized interference can be minimized by the amateur choosing not to use equipment such as luminaries, switch-mode power supplies, and other equipment generating interference when operating. That choice is not available in the case of many cable-borne cable transmission systems, where the emissions are present all the time. (Refer to 9.4.4 “Effect of various emission standards on HF reception”.)

Amateurs communicate over long distances on the HF bands, making optimum use of propagation windows. Amateurs frequently operate at or near to the minimum signal-to-noise ratio for effective communication. Limits of communication are generally determined by the received signal strength in relation to the background noise. Amateurs manage to communicate effectively with a signal-to-noise ratio of some 6 dB for voice communications in a nominal 2.4 kHz bandwidth and as low as –6 dB (related to the same bandwidth) for Morse code or spectrum-efficient data modes.

Amateur radio operators are also encouraged to support disaster relief operations. In many countries, amateur radio is seen as a valuable back-up service in case of breakdown or overload of normal communications systems. Governments rely on this capability at times of emergency. Radio amateurs are generally permitted through the Radio Regulations of the International Telecommunication Union, to use all their HF frequency bands from 3.5 MHz to 24.990 MHz and 144 to 146 MHz for this purpose.

2.4.2
Amateur frequency allocations

Table 2.4.2

Amateur frequency allocations (LF, HF, VHF and UHF only shown)

Frequency bands (MHz)
Basis of allocation

0.1357-0.1378
Secondary

1.810-2.000
Primary/non-interference

3.500-3.800
Primary shared

7.000-7.100 WRC-03: –7 200 (29-03-2009)
Primary

10.100-10.150
Secondary

14.000-14.350
Primary

18.068-18.168
Primary

21.000-21.450
Primary

24.890-24.990
Primary

28.000-29.700
Primary

50.000-52.000
Primary/secondary

144.000-146.000
Primary

430.000-440.000
Secondary/primary

1 240.000-1 325.000
Secondary

2 310.000-2 450.000
Secondary

2.4.3
The protection requirements of the HF amateur radio service

2.4.3.1
Choice of modes to calculate the protection requirement

HF amateur radio uses many different combinations of bandwidth and classes of emission. To illustrate the signal levels and noise environments amateurs operate with, two of the most widely used, but very different, modes have been selected: SSB voice in 2.4 kHz bandwidth and PSK31, a very spectrum efficient digital mode for text exchange at typing speeds. The antenna used as a reference is a half wave dipole.

2.4.3.2
The noise floor in amateur radio bands

In common with other HF services, the ability to achieve satisfactory amateur communications depends on the ratio between the wanted signal and the noise. The noise consists of four components, (internally generated) receiver noise, atmospheric, man-made and galactic (cosmic). The usual standard for non-safety-of-life radiocommunication services is an I/N of –6 dB, having the effect of raising the noise level no more than 1 dB.

2.4.3.3
Sensitivity and internally generated noise of HF band amateur receivers

To satisfy the requirements of amateur stations at quiet rural sites and to be able to fully exploit periods with very low atmospheric noise levels, modern amateur radio HF receivers are very sensitive. In the frequency range of 1.8-18 MHz a noise figure of 11 dB is quite normal. High‑quality amateur equipment is usually fitted with an additional RF pre-amplifier, which can be switched on when conditions permit, to improve the noise figure to 8 dB, albeit at the expense of large signal handling capability. Because of the existing noise levels in the lower HF region and the presence of very strong signals in broadcast bands adjacent to amateur bands, the additional RF pre‑amplifier is used only above 18 MHz (i.e. in the 18.068-18.168 MHz amateur band and above). The calculated minimum RF input signal levels for SSB voice (2.4 kHz) and PSK31 (noise bandwidth 50 Hz) are as follows:

Table 2.4.3.3.1

Calculated minimum RF input signal levels for SSB voice mode (2.4 kHz)


1.8-18 MHz
18-30 MHz

Thermal noise power at 290 K
–174 dBm/Hz
–174 dBm/Hz

Bandwidth factor 2 400 Hz
33.8 dB
33.8 dB

Receiver noise figure
11 dB
8 dB

Noise power (in 2 400 Hz)
–129.2 dBm
–132.2 dBm

Required signal-to-noise ratio
10 dB
10 dB

Input signal requirement
–119.2 dBm
–122.2 dBm

Converted into voltage in 50 Ohms
0.245 µV
0.174 µV

Table 2.4.3.3.2

Calculated minimum RF input signal levels for PSK31 text mode (noise bandwidth 50 Hz)


1.8-18 MHz
18-30 MHz

Thermal noise power at 290 K
–174 dBm/Hz
–174 dBm/Hz

Bandwidth factor 50 Hz
17 dB
17 dB

Receiver noise figure
11 dB
8 dB

Noise power (in 50 Hz)
–146 dBm
–149 dBm

Required signal-to-noise ratio
10 dB
10 dB

Input signal requirement
–136 dBm
–139 dBm

Converted into voltage in 50 Ohms
0.0354 µV
0.0251 µV

Note, that PSK31 appears to work well with an S/N of –6.8 dB referred to the standard 2 400 Hz bandwidth. The required signal-to-noise ratios in the matched bandwidth of SSB (2 400 Hz) and PSK31 (50 Hz) however are identical. This means that both modes can operate in the same noise power spectral density (W/Hz) environment, as long as the noise is Gaussian. The advantage of PSK31 is its spectrum efficiency, providing more chances to find an interference-free frequency in the busy amateur bands. Because the interference radiated by cable networks is treated as white noise, it is possible to define one protection criterion for both modes and in general, for the majority of amateur radio modes of operation. For ease of comparison with proposed noise field-strength limits, all noise powers are recalculated for the 9 kHz standard measurement bandwidth. 

The receiver noise power in the frequency range from 1.8-18 MHz (–129.2 dBm in 2.4 kHz) now becomes –123.5 dBm (–153.5 dBW) in 9 kHz. Above 18 MHz –132.2 dBm (2.4 kHz) becomes ‑126.5 dBm (–156.5 dBW) in 9 kHz.

2.4.3.4
Internally generated noise power compared to external noise field strength

The receiver internal noise power can be represented as a noise field strength at a half wave dipole antenna, having the same effect on a noiseless receiver. The conversion to field strength uses the reverse of the formula for received power as a function of field strength, or:

Received power = power density x aperture or 
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  where G=1.64.

The reverse operation then is: 
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Substituting 300/f(MHz) for  and expressing E in µV/m, we get: E(µV/m) = f(MHz)  293813  Pn, or in logarithmic form:

E(dBµV/m) = 109.4 + 20LOG10(f(MHz)) + 10LOG10(Pn). 

Substituting –153.5 dBW for 10LOG10(Pn) simplifies this to: 

E(dBµV/m) = –44.1 + 20LOG10(f(MHz)) below 18 MHz and 

E(dBµV/m) = –47.1 + 20LOG(10(f(MHz)) above 18 MHz.

2.4.3.5
Atmospheric noise

One of the most important parts of amateur radio is “DX-ing”: communicating over very long distances by making optimal use of propagation windows and periods of low atmospheric noise. ERC Report 69, Annex B, gives the expected noise field-strength levels for the European area. 

Atmospheric noise has a stochastical character but there is a marked influence of the time of day, season and radio frequency. The atmospheric noise field-strength values for a 20% distribution percentage as shown in the graph in Annex B, Fig. B1, are representative for the amateur radio environment during HF long-distance communications. The values for 2.7 kHz bandwidth and measured with a short monopole antenna as shown in the graph must be corrected for the 9 kHz reference bandwidth (+5.2 dB) and dipole (–3.5 dB), i.e. +1.7 dB.

2.4.3.6
Man-made noise

The man-made noise itself consists of the background noise floor (caused by many distant noise sources) which on frequency/amplitude plots looks rather like white noise, and incidental noise which is generated by nearby electrical or electronic equipment. In many cases incidental noise is either short-lived, or is confined to a limited bandwidth. Thus the risk of interference to radio communications is statistical. Generally HF communication can combat incidental noise by choosing times when noise is not present, or by changing frequency. An increase in noise floor such as might be caused by broadband data transmission systems is potentially much more damaging.

ITU-R has suggested likely noise level figures for various environments. It is understood that the levels in Report ITU-R PI.372-7 are based on measurements made in the United States and are higher than the man-made noise levels in the United Kingdom and elsewhere in Europe.

It therefore seems likely that the ITU-R levels are worst-case noise figures in the European environment. Many HF amateur radio stations can be found in rural areas or in suburbs where HF antennas may be erected in the garden. Observations done in the United Kingdom (BBC and RSGB) and in the Netherlands (VERON) suggest that, under these circumstances, the man-made noise floor as defined above is at a level halfway between the quiet rural and rural levels as defined in Report ITU-R PI.372-7. This curve is further referred to as curve “M”.

Expressed in a formula, this noise level (in dBµV/m) is: 

En(dBµV/m in 9 kHz, /2 dipole) = 0.94 – 8.15LOG10(f(MHz)).

2.4.3.7
Galactic noise

The formula expressing the field strength of galactic (or cosmic) noise as received on a half wave dipole can be taken from Report ITU-R PI.372-7. The valid frequency range is from 10 MHz and higher, as below about 10 MHz, galactic noise is screened from earth by the ionosphere. The formula is:

En(dBµV/m in 9 kHz, /2 dipole) = –7.46 – 3LOG10(f(MHz)).

2.4.3.8
Fade margin and the 0.5 dB protection criterion of HF amateur radio

In professional broadcasting, ample fade margins are taken into account to guarantee a high degree of availability of the signal. This, coupled to the lower sensitivity of broadcast receivers, leads to the high power levels used in HF broadcasting. In the amateur radio service, the permitted transmitter powers are relatively low and in long-distance communications the remaining fade margin above the minimum required field strength of a long-distance signal is around 0 to 1 dB. Given the form of the signal strength versus time curve of a narrow-band HF signal with fading, this means that in some long-distance communication links, parts of the transmissions will be missed due to fading, necessitating repeat transmissions. Increasing the ambient noise floor by only a few dB would have a tremendous impact on the long distance communication capability of an amateur station.

For this reason, the maximum allowable increase in the total noise floor due to noise emitted by cable networks, in the reference scenario with a half wave dipole antenna at 10 m from the cable, should be 0.5 dB. For the increase not to exceed 0.5 dB, the average noise field strength radiated by the cable network at 10 m distance must be 9.14 dB below the pre-existing noise level.

This protection criterion is also acceptable for radio amateurs used to higher ambient noise levels, e.g. when antennas are closer to electrical wiring, in which case the noise level received from cable networks will also be higher.

2.4.3.9
Calculation of the total noise field strength and protection requirements based on the 0.5 dB criterion

The results of the calculations are given in Table 2.4.3.9.

Table 2.4.3.9

Calculation of proposed limit for amateur radio and comparison with other limits

Freq

RX noise
fs
Atm
noise
fs
Manm
(curve
“M”) fs
Galact
noise
fs
Total
exist
noise
Max
extra
(avg)
Total
incl +
0.5 dB
Amateur
peak lim at 3 m


(MHz)
(dBµV/m in 9 kHz, l/2 dipole)
(dBµV/m)


1.8

–38.99

–29.00

–1.14


–1.13

–10.27

–0.63

10.19


3.5

–33.22

–27.30

–3.49


–3.47

–12.61

–2.97

7.85


7.0

–27.20

–13.30

–5.95


–5.19

–14.33

–4.69

6.13


10.1

–24.01

–7.50

–7.25

–10.47

–3.37

–12.51

–2.87

7.95


14.0

–21.18

–12.50

–8.40

–10.90

–5.38

–14.52

–4.88

5.94


18.1

–21.95

–23.30

–9.31

–11.23

–6.91

–16.05

–6.41

4.41


21.0

–20.66

–28.70

–9.84

–11.43

–7.31

–16.45

–6.81

4.01


24.9

–19.18

–37.00

–10.44

–11.65

–7.67

–16.81

–7.17

3.65


28.0

–18.16

–50.00

–10.85

–11.80

–7.87

–17.01

–7.37

3.45
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