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1. Problem Formulation
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Abstract:

In atmospheric ducts blind zones may occur, where there is no EM-wave coverage. Unfortunately, the dependence of a blind zone on the 
atmospheric conditions and the transmitter height is not clear. In this research analytical expressions are derived for the range of these 
blind zones. The expressions have been verified by ray trace simulations for several transmitter heights under ducting conditions. Results 
show that the blind zone range can be accurately predicted, as a function of M-profile parameters and antenna height.

2. Trapping Angles

The relation between the initial elevation angle 𝜽𝟎 at the

transmitter (TR) and the incidence angle 𝜽𝑻𝑷 at the turning

point (TP) can be described using a modified refractive
index3 and Snell’s Law :

𝒎𝑻𝑹 𝐜𝐨𝐬𝜽𝟎 = 𝒎𝑻𝑷 𝐬𝐢𝐧𝜽𝑻𝑷

3. Circular Arc Approach 4. Results

Since the M-profile varies linearly with height, the ray paths
describe linear arcs4. This allows the following goniometrical
representation of a ray:

The atmosphere creates different propagation conditions for
EM-waves, with frequencies of 100 MHz up to 20 GHz1,2. For 
some conditions blind zones may occur. These zones show up 
in ray tracing codes, when provided a refractivity profile.

Figure 4: Ray trace patterns for 1 atmosphere, and 2 different antenna heights. The blind 
zone gets smaller as the antenna height increases.
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Assuming a tri-linear M-profile, the maximum and minimum 
initial elevation angles for a blind zone yield

𝐜𝐨𝐬𝜽𝟎,𝒎𝒂𝒙 =
𝟏𝟎𝟔 +𝑴𝟎 +𝑴𝒃 −𝑴𝒅
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However, it is unclear how the range of this blind zone 
analytically depends on the prevailing atmospheric conditions
and on the transmitter height.

Using this representation, analytical expressions for the

distance of the lines BE and BF, i.e. ranges 𝑹𝟏 and 𝑹𝟐 in 

Figure 2, can be found 

𝑹𝟏 =
𝟐 𝒛𝒃 − 𝒉𝑻

𝟏 + 𝐬𝐢𝐧 𝜽𝟎 − 𝜽𝟏
, 𝐚𝐧𝐝 𝑹𝟐 =

𝟐𝒅𝒕𝒉

𝑴𝒅

⋅ 𝟏𝟎𝟑

For the atmosphere 𝑴𝒃 = 𝟖, 𝒛𝒃 = 𝟏𝟎𝟎,𝑴𝒅 = 𝟏𝟐, 𝒅𝒕𝒉 = 𝟓𝟎, and

a transmitter height of 15 meter, the blind zone range yields
19.4-87.6 km. As the transmitter height increases to 35 m, 
for the same atmosphere, the blind zone range decreases: 
29.6-81.9 km.

Similar expressions are derived for all upward and downward
refracting segments of the blue and green rays in Figure 1. 
This allows the calculation of the exact range of a blind zone.

Figure 1: Ray trace results (left) for a given modified refractivity profile (right). The blue 
and green line represent the maximum and minimum ray paths for creating a blind zone. 
The black line represents LOS distance for varying receiver antenna heights and a 
transmitter height of 30m.

Figure 2: The relation between a refractive profile (left) and a ray path (right).

Figure 3: Each upward and downward refracting ray path describes a circular arc. The decrease of the blind zone range follows directly from

𝑹𝟏 ∝ (𝒛𝒃 − 𝒉𝑻), which reduces range of the upward refracting

blue ray.

Since the height over which the green ray can refract
downwards is increased, the blind zone’s starting point also
increases.
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5. Conclusions

Analytical expressions for the trapping angles in the 
atmospheric duct have been derived for the first time. They 
help to determine the position of blind zones in the duct and 
its dependence on M-profile parameters and antenna height. 
Furthermore, the same approach allows to investigate 
multipath propagation in the duct in case of a transmit 
antenna or scatterer with a broad radiation/scattering 
patterns in the angular domain.


