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Numerical close-up 4.2 – ADS/B reception range 
 
 
What is the maximum reception range of an ADS/B radio signal 
transmitted by an aircraft flying at FL390 by a receiver on 
the ground at the sea level? Assume ISA conditions.    
 
 
 
FL390 = 39,000 ft = 11887 m = T_ALT (ISA) 
 
R/(R+T_ALT)= 6371 km / (6371 + 11.887) = 0.998137676 
 
/2 = 3.497297° = 0.06104 rad 
 
The length of the arc on the surface of the Earth is the 
angle at the centre of the Earth in radians multiplied with 
the radius, so the range is: 
 
r = 0.06104 rad × 3440 NM = 209.98 NM ≈ 210 NM  
 
If we want to consider the atmosphere refraction, this would 
be the maximum 33' at 0 Ca (at the horizon). This is for 
light. Radio waves and light are both electromagnetic 
radiations, but the refraction depends on frequency. So, 
optical refraction angle should not be applied to radio 
waves, the latter having much lower frequency. That will be 
discussed at length in §8. For now, we assume the same value 
of refraction angle as for light, so our corrected angle is: 
 
/2 = 3.497297° + 33/60° = 4,047297° = 0.070639 rad 
 
The corrected range would be r = 242.99 ≈ 243 NM ▪                                        
 

 

The horizon problem can be extended to the reciprocal visibility problem 
between two observation points, each with its own height above the sea 
level H. In horizon problems, the spherical approximation of the Earth is 
acceptable. Let us consider a locator on an aircraft or on a spacecraft 
flying at a height HL in the location LATL, LONGL and another observer in an 
aircraft considered target, flying at HT. What is the extension of the area 
centred in the location of L where targets can be directly visible? If the 
target would be at the sea level, this problem would be reduced at 
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building the circle which is the locus of the tangent points to the Earth’s 
sphere, and the area would be defined by Equation (4.5). If the target flies, 
the equation giving the dip of the coverage area is (see Figure 4.8): 
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  (4.4) 

The above formula may be adjusted for atmospheric refraction, which acts 
at the coverage limits to its maximum (33'). The coverage area is a 
spherical cap with the area: 
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Numerical close-up 4.3 – Coverage of an Aireon satellite 
 
 
Aireon system performs space based surveillance of aircraft 
based on a constellation of 66 satellites in Low Earth Orbit 
at HL = 781 km. The constellation is called Irridium. 
Satellites are equipped with ADS/B receivers on 1090 MHz 
frequency and they can capture any transmission from an 
aircraft in the visibility range. What is the coverage of a 
single satellite of aircraft flying at FL290 or more? (Lower 
levels are not used in long range navigation). For a 
conservative result, ignore the refraction in the atmosphere. 
 
 
The targets are at least at FL290 = 29000 ft = 8839.2 m 
 
This is our critical case, the aircraft flying higher would 
be heard from a greater distance that these at Fl290. 
 
T = 2(arccos(6371/(6371+781)+arccos(6371/(6371+8.8392)))=60° 
 
The maximum distance of a target from the locator position is 
defined by the length of the T/2 arc: 
 
r = 30° × /180 × 6371 km = 3335.8 km 
 
The coverage area A according to Equation (4.5): 
 
A = 34,262,510 km2. As a percentage of the total surface of 
the Earth, this is: 
 
A / 4R2 = 6.7% of the Earth’s surface.▪                                        
 

 

4.3. Magnetic Field of the Earth 
Figure 4.10 presents a cross section of the Earth with the layers to scale. 
The black superficial line is the crust, solid rock of various compositions 
Underneath we have the mantle in brown, the outer core in yellow and 
inte inner core brown again. The outer core is liquid, the same substance 
the mantle is made of, but the mantle ist cold enough to have its matter 
semi-solidified. The liquid outer core is melted matter, much of which 
being metal. In the outer core, convection creates huge rotors of fluid: 
very hot substance raises towards the mantle, cools down and falls back, 
getting heated back. Electrictity is the flow of electrons, and as there are 
many free electrons in metals, this convective flow of mass is equivalent 
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to gigantic rotors of electric current. As a consequence of the massive flow 
of charged particles, there results a magnetic field estimated at M = 8×1022 
A/m2 (Earth’s dipole magnetic moment). The Earth behaves like a gigantic 
magnet with two poles: magnetic North and South, and a magnetic 
equator. Figure 4.10 shows in green the magnetic field lines, which 
emerge from the North magnetic pole which is called the Magnetic South 
Pole of the Earth, gain in height above the Earth, with a peak around the 
magnetic equator, and then fall back down to gather in the South 
magnetic pole which is called the Magnetic North Pole. Perhaps this 
inversion between the names of the poles for any magnet and the names 
of the Earth’s poles is confusing (Figure 4.9).  

 

 


