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Summary

This paper presents a method for assessing the cumulative field strength of extended cable networks. Examples of assessed sum field strengths are discussed in the light of experienced radiation from a cable TV network, modulated with analog PAL signal.

1 Introduction:

As experience shows, when trying to assess the interference of cable networks radiation with (especially airborne) radio services, it is not sufficient to use only the known power of a single leak, but rather the powers of all leaks, which may influence the victim receiver, have to be taken into account. It is recognised that it is impossible to develop a model for calculating the cumulative field strength, which can reflect all the (unknown) complex factors and conditions, and which would deliver the true sum field strength. Nevertheless a simplified calculation model is introduced in this paper, which can give an impression of the order of magnitude of the influence of the sum field strength on airborne receivers.

2. Description of the Assessment Model:

The following assumptions are made:

a) The power flux densities Ssi, generated by each single leak power Psi at the point P, are added up arithmetically to the sum power flux density Ssu at the point P.

b) The single leak power Psi is radiated omnidirectional, as if it is radiated by an isotropic antenna.

c) In the area under consideration there is a leak density n, indicating the number of leaks per square kilometre, each of the leaks having the same single leak power Psi.











Figure 1: Assumed geometrical situation

Figure 1 shows the assumed geometrical situation, which is the basis for the calculation model. The victim receiver (the aircraft) is situated at the point P with the height h above the plain earth surface. The number of leaks n·dF with the single leak power Psi, which are in the area dF = 2( r dr and have the distance d to the point P, contribute to the sum field strength Esu at the point P with dE.

Hence, dE = f(n, Psi, dF, d).

Applying the free space propagation Formula for an isotropic radiator

E/dBµV/m = 74,8 + P/dBW – 20 lg d/km
and solving the integral Esu = ( dE , leads to the formula

Esu/µV/m = 9737,8·
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(see Attachment 3)

Where: 
Esu
is the field strength at the point P in µV/m,

n
is the leak density in number of leaks per square kilometre

Psi 
is the radiated power of a single leak in W

ln  
is the logarithm to the basis e

R2 
is the farther distance radius in km from a point at the earth surface vertically below the point P

R1 
is the nearer distance radius in km from a point at the earth surface vertically below the point P.

h
is the height in km of the point P (the aircraft) above earth surface

The circle with the radius R2 and the circle with the radius R1 define the area (the area between the both circles) which generates (with the leaks in it) the field strength Esu. In most cases R1 is set to zero.

For details concerning the development of the above formula for Esu see Attachment 3.

When applying the formula for the sum field strength and varying the parameters of the formula, the wish might arise to calculate the sum field strength generated by more than one (ring shaped) area with different leak densities and different single leak powers. This could be, as an example, to calculate Esu1 for the area defined by R21, with n1 and Psi1; R1 is zero. And then to calculate Esu2 for the area defined by R22 and R12=R21, with n2 and Psi2. Then the sum field strength is got by adding Esu1 and Esu2 geometrically, which follows from the assumption a) above. This means

Esu = 
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3. Some Examples of Calculated Sum Field Strengths and Conclusions:

Attachment 1 shows curves for the sum field strength versus the aircraft altitude, using some examples of different single leak powers Psi and different leak densities n. The considered area reaches to the radio horizon RH, (R2 = RH, R1 = 0).

As it can be seen, all curves are in parallel. For a given Psi, the curves for n and 2n have a field strength difference of 3 dB.  For a given n, the curves for Psi and (Psi+10dB) have a field strength difference of 10 dB. 

The most interesting fact however is that for a given n and Psi the sum field strength varies only very slightly when the altitude varies from 300 meters to 13 km; the variation of Esu is 1,9 dB.

Attachment 2 shows as an example the influence of the field strength Esi of a strong radiating single leak (80dBpW) on the sum field strength Esu, generating the overall field strength Eov. In this example, at the height of 6,5 km Esi and Esu have the same value, which leads to an Eov 3 dB higher than Esu. At the height of 13 km, Eov is only 1 dB higher than Esu. For heights lower than 3 km however, the influence of Esu can be neglected, Eov is only determined by the single leak field strength. If in this example the power of the single leak would be reduced by 10 dB (to 70 dBpW), then the height, at which Esu and Esi would have the same value, would be around 2 km. So the general conclusion of Attachment 2 is that the interference potential for medium and higher altitudes is determined by the sum radiation, whereas only for low altitudes strong single leak radiations are the main contributing factor.

4. The Assessment Model Results Seen in the Light of Practical Experience:

Two cases of identified PAL cable TV radiation are mentioned here:

a) In Germany there were strong interferences of PAL image carrier signals, radiated by cable networks, with a VHF COM frequency of Maastricht UIR. In former times, when only one cable net provider was in the business, the problem was solved by shifting the PAL image carrier frequency by 50 kHz. More recently, when a lot of new cable net provider came up, it was impossible to manage a 50 kHz shift, and the interference problem was solved by not using any more the VHF COM frequency by ATC. In this interference case, interference reports from aircrews were received, cruising in flight levels up to 13000 meters. The responsible Regulatory Authority tried to identify strong radiating leaks, but all the efforts of some weeks were in vain.

b) In the course of a cable network leak radiation measurement campaign, conducted by the German Regulatory Authority for Telecommunications and Posts, measurements of leak radiations of a distant urban area (a part of a town) from a high rising television tower were made. The distance to the considered area was between 1 and 2 kilometres. The measured field strengths at the TV tower would have required a rather high radiating single leak in the considered area, if a single leak would be the source at all. But during measurements within the streets of that urban area no single leak with a remarkable radiation power was found.

The above cases show that the sum field strength exists and plays a dominant role. Since in the case of Maastricht UIR a strong single radiation source was not found, it can be assumed that the interference was caused only by the sum field strength. And if such a sum field strength exists (in the order of magnitude of Attachment 2), it would even not matter in this case whether there was a strong single interfering source or not

5. Conclusions:

a) This assessment model is not an appropriate means for calculating the true sum field strength at a given real life situation. In general, such a calculation is impossible, because the necessary parameters cannot be defined. For instance, it is not clear, whether a real „single leak“ exists at all. If a technical fault in an in-house installation causes a leak radiation, it is not known which part of the in-house network radiates. It could be the whole network, constituting a „directional radiating antenna system“, it could be some parts of the network, also radiating directional. The directions of the radiated main part of power are also unknown. Also the leak density is unknown. Is the whole house a „single leak“ or has a house as many leaks as TV output sockets?

b) The model can be helpful for assessing the trends of the influence of the sum field strength on the interference potential, and for assessing the relation between the sum field strength and the field strength of a single leak. Knowing these trends, effective measures for supervision and control of unwanted radiation of cable networks can be derived. According to Attachment 2, ground and airborne measurements of cable network radiation deem to be necessary.

c) In combination with the results of airborne measurements of cable network radiations, the assessment model could become a means for a rough calculation of the sum field strength. The results of the airborne field strength measurements of higher altitudes (where the influence of stronger single leaks is negligible) would allow to define „equivalent leak densities“ and „equivalent single leak powers“ for typical areas (rural or urban). As a result of the airborne measurements, for instance, it could be stated: „The radiation characteristic of a cable network in mostly rural/urban areas is as if there is a leak density of x sources per square kilometre with a single leak power of y dBpW, each leak radiating omnidirectional.“

d) Assuming that the parameters for the sum field strength curve Esu in Attachment 2 are more or less realistic for a PAL image carrier frequency (because COM interference in 13 km altitude was experienced without identifying a strong radiating single leak source), then the sum field strength of a PAL image carrier would exceed the minimum interfering field strength of ILS/LOC (12 dBµV/m, assumed D/U=20 dB), VOR (19 dBµV/m, assumed D/U=20 dB) and VHF COM (14 dBµV/m squelch, 0 dBµV/m for an assumed D/U=14 dB at squelch level).

_________________________________




Attachment 3:
Development of the Formula for Calculation of the Sum Field strength

Based on the assumptions and Figure 1 as well as on the explanations and used units of measurements of the Working Paper, the following way was taken to develop the formula for calculating the sum field strength:

The well known formula

E/dBµV/m = 74,8 + P/dBW – 20 lg d/km





(1)

for calculating the field strength in a distance d, generated by a single isotropic radiator radiating the power of P dBW, is „de-logarithmized“ and leads to

E/µV/m = 5495,4·
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In this formula P/W is replaced by n·Psi/W·dF, with dF = 2(r/km dr, and d is replaced by 
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, see Figure 1 in the Working Paper. With these replacements E/µV/m becomes dE/µV/m, which is the contribution of the area dF with its radiating leaks to the sum field strength Esu/µV/m.

With these replacements formula (2) becomes

dE/µV/m = 5495,4·
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(3)

Integration of (3), which is Esu/µVm = ( dE/µV/m, over the range of r = R1 to r = R2 leads to 

Esu/µV/m = 9737,8·
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Psi=30dBpW,


  n=1000/sqkm





Psi=30dBpW,


  n=500/sqkm





Psi=30dBpW,


  n=250/sqkm





Psi=20dBpW,


   n=1000/sqkm





Psi=20dBpW,


  n=500/sqkm





Psi=20dBpW,


  n=250/sqkm





Considered area: The area seen from the airplane up to radio horizon RH  (R2=RH, R1 =0)





Sum Field Strength Esu Versus Airplane Altitude h
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The single leak is assumed to be vertically below the airplane.





E/dBµV/m





h/km





Field strength generated by a single leak,


 leak power Psi=80dBpW





Sum field strength Esu,


n=1000/sqkm, Psi=20dBpW





Overall field strength Eov, consisting of Esu and Esi





Considered area for Esu and Eov: The area below the airplane up to the radio horizon RH  (R2 = RH, R1=0).





Sum Field Strength Esu, Single Leak Field Strength Esi, and 


Overall Field Strength Eov Versus Airplane Altitude h





Attachment 2





14





12





10





8





6





4





2





0





44





40





36





32





28





24





20





16





12








_1046006389.unknown

_1046086467.unknown

_1046086608.unknown

_1046006985.unknown

_1046007358.unknown

_1046003475.unknown

_1046006186.unknown

_1046003018.unknown

