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 In my research paper I am going to cover some specifications of satellite Radio waves 
and study some of phenomena which have effects on Radio waves, suitable as carriers 
of information with a large bandwidth, are found in frequency ranges where the 
electromagnetic waves are propagated through space almost in conformity with the law 
of optics, so that only line-of sight radio communication is possible. As a result, 
topographical conditions and the curvature of the earth limit the length of the radio 
path. Relay stations, or repeaters, must be inserted to allow the bridging of greater 
distances. Skyway radar uses the ionosphere, at height of 70 to 300 km, to transmit 
information beyond the horizon and may not require repeaters. However, transmission 
suffers from ionospheric distortions and fading. To ensure that appropriate frequencies 
are optimally selected, additional monitoring equipment is required to sample the 
ionospheric conditions instantaneously. And how to use of satellite communication 
systems for modern broadband wireless services involves propagation environments for 
radio signals different from that in conventional terrestrial radio systems, the radio 
waves propagating between a satellite and an earth station experience different kinds of 
propagation impairments: the effects of the ionosphere, the troposphere and the local 
fading effects, and the combined effect of these impairments on a satellite-earth link 
can cause random fluctuations in amplitude, phase, angles of arrivals, de-polarization of 
electromagnetic waves and shadowing. And I am going to search in the nature of 
propagation of electromagnetic waves through the atmosphere has a significant bearing 
on the satellite link design, it is the first few tens of kilometers constituting the 
troposphere and then the ionosphere extending from about 80 km to 1000 km that do 
the major damage. The effect of the atmosphere on the signal is mainly in the form of 
atmospheric gaseous absorption, cloud attenuation, tropospheric scintillation causing 
refraction, Faraday rotation in the ionosphere, ionospheric scintillation, rain attenuation 
and depolarization. Both attenuation and depolarization come from interactions 
between the propagating electromagnetic waves and different sections of the 
atmosphere. Also I find in my little search another effect depolarization which refers to 
the conversion of energy from the wanted channel to the unwanted channel. Here, 
wanted channel refers to the co-polarized channel and the unwanted channel refers to 
the cross-polarized channel. Due to de-polarization, co-channel interference and 
crosstalk occurs between dual-polarized satellite links. As well as propagation losses 
are further of two types, namely those that are more or less constant and therefore, 
predictable and those that are random in nature and therefore unpredictable. While free-
space loss belongs to the first category, attenuation caused due to rain is unpredictable 
to a large extent. The second category of losses can only be estimated statistically. The 
combined effect of these two types of propagation losses is to reduce the received 
signal strength. Due to the random nature of some types of losses, the received signal 
strength fluctuates with time and may even reduce to a level below the minimum 
acceptable limit for as long a period as an hour in 24 hours during the period of severe 
fading. 
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INTRODUCTION 

 
A signal traveling between an earth station and a 

satellite must pass through the earth's atmosphere, 
including the ionosphere, as shown in Fig.1, and this 

can introduce certain impairments, which are 
summarized in Table.1. Some of the more important 
of these impairments will be described in this paper, 
according to (Dinnes Roddy). Then I will talk about 
radio wave propagation mechanism and its type and 
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ionosphere effects and radio noise also its type.
 

 
 

Fig. 1: Layers in the earth's atmosphere. 
 

Table1: propagation concerns for satellite communications systems. 

 
 
Radiowave Propagation Mechanism: 

The mechanisms of the radiowave propagathion 
are affected on earth-space transmission. How, a 
brief summary of significant effects has been 
included for completeness. At equatorial and 
moderate latitudes, the elevation angles of slant paths 
vary from near zenith to about 20°, except for paths 
very far from the subsatellite point. Well, with this 
exception, and for transmission from high latitude 
regions, the total path length in the active part of the 

troposphere is relatively small. As the height to 
which meteorological effects extend in the equatorial 
region stends to be higher than at more temperate 
latitudes, the active length of these shorter, near 
zenith, paths are compensated, when compared with 
lower elevation paths in midlatitudes. Thus, in 
general, dominant troposphere effects occur on the 
first 10-20 km of the path. It's have a lot of type, we 
will explain it in the next figures, from the table.2 
below we see the propagations mode and its effects.
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Table 2: propagation  mode and its effect. 

 
 

1.1 Propagation Impairments: 
There are a lot of propagating in radiowaves 

between earth and space and this is concern in the 
performance and satellite communications design, 
there are a lot of conditions effects in the link this 
consider the main factor in the radiowave 
propagation, the impairments are different between 
analog and digital system that's mean dependent on 
the system structures, the propagation of radiowave 
depend on the frequency of operation, local 
climatology, local geography, type of transmission, 
and elevation angle to the satellite, that's mean the 
effect is increased when the frequency increases. 

 

1.2 Rain Attenuation: 
Rainfall cause a severely degrade in the 

radiowave propagation at centimeter or millimeter 
wavelengths, the attenuation will become great 
problem to communications the frequency in the 
places that have a heavy rain like Malaysia. 

The major effect of the rain problem in 
frequencies of operation above 10 GHz, rainfalls 
scatter the energy of radiowave that's mean rain 
attenuation reduction in the transmitted signal 
amplitude, and due to degrade the performance and 
reliability of the communications link, as shown in 
fig.2.

 
Fig. 2: Received or transmitted wave over rain volume. 

 
1.1 Gaseous Attenuation: 

Signal amplitude is reduction by another 
attenuation factor called "Gaseous attenuation", in 
the earth atmosphere found a lot of gases that effects 
in signal transmitted or received, the main factor in 
this effect from this gases are 'Oxygen" and "Water 
vapor", the attenuation of gaseous increases with 
frequency increasing and it is dependent on 
humidity, temperature, and pressure. Oxygen has 

series of very close absorption lines near 60 GHz and 
isolated absorption line at 118.74 GHz, vapor and 
oxygen have observable resonance frequencies in the 
interest band above 100 GHz for free space 
communications. Below you can see the volume of 
different kind of gases in the space: 

. Nitrogen 78  

. oxygen 21  
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. Argon 0.9  

. Carbon dioxide 0.1  

 

For example from fig.3. You can see the total 
attenuation on satellite Path that located in 
Washington DC. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Is fora ground terminal located in Washington, DC, and is shown for elevation angles to the satellite 
from 5 to 30◦. 

 
1.2 Cloud And Fog Attenuation: 

The liquid water content of clouds is the 
physical cause of cloud attenuation according to 
(Michel Bousquet Gerard Maral). Cloud and fog 
layer have badly affect. The attenuation caused by 
cloud and fog can't be ignored, the attenuation that 
caused by ice clouds is fairly small that's mean there 
are two magnitude lower than it caused by water 
clouds. 

Cloud and fog attenuation can specific by the 
Rayleigh approximation, so can be written as: 

            
                                                                          (3) 
 
Can we calculate M from this law: 
 
                                                                          (4) 
  
We can see from the table below the 

characteristics of cloud type. 

 
Table 3: Observe characteristics of typical cloud type. 
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2. Depolarization: 
Depolarization refers to a change in the 

polarization characteristics of a radiowave caused by 
a) Hydrometeors, primarily rain or ice particles 

in the path, and 
b) Multipath propagation. 
 
A depolarized radiowave will have its 

polarization state altered such that power is 
transferred from the desired polarization state to an 
undesired orthogonally polarized state, resulting in 
interference or crosstalk between the two 
orthogonally polarized channels. Rain andice 
depolarization can be a problem in the frequency 
bands above about 12 GHz, particularly for 
frequency reuse communications links that employ 
dual independent orthogonal polarized channels in 
the same frequency band to increase channel 
capacity. Multipath depolarization is generally 
limited to very low elevation angle space 
communications, and will be dependent on the 

polarization characteristics of the receiving antenna. 
According to (Jr. Louis J.Ippolito). 

 
2.1 Rain Depolarization: 

The depolarization can cause by raindrops this is 
called rain depolarization along the propagation path 
between earth-space.the shape of raindrops is nearly 
to spherical, in fig. 4 and 5. Can you see the shape of 
raindrops, it's caused tilt in the signals path because 
of the signal is disperesed inside raindrops that’s 
mean it's losing it's energy, in fact there is found two 
type of polarizing vertical and horizontal. 

The cross-polarization discrimination in decibels 
associated with rain is given to a good approximation 
by the empirical relationship. 

                        (5) 

                            (6)

 

 
Fig. 4: Rain drop shape. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Rain depolarization effect. 
 
Ice Depolarization: 

The ice consider the rain's top region, the 
practical evidence suggest the main mechanism 
producing depolarization in ice is differential phase. 
And afew differential attenuation present, so because 
ice is good dielectric, different from water that mean 
it has considerable losses. 

 
3. Ionospheric Effects: 

Ionospheric is the high region of atmosphere that 
covered earth, radiowave is travelling between 
satellite and earth stations through the ionosphere, it's 
already ionized specially by solar radiation. 

 
The ionosphere contain free electrons are not 

uniformly distributed, but form in layers. 
The effects contain absorption, frequency 

change, variation in the direction of arrival, 
scintillation, dispertion, propagation delay, and 
polarization rotation, when the frequency is increased 
the previous effects decreased. 

Amplitude, polarization, phase and angle of 
arrival all this parameters are variations with the 
ionospheric scintillations. 
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Table 4: Propagation Concerns for Satellite Communications Systems. 

 
 
Radio Noise: 

Radio noise can be introduced into the 
transmission path of a satellite communications 
system from both natural and human-induced 
sources. Any natural absorbing medium in the 
atmosphere that interacts with the transmitted 
radiowave will not only produce a signal amplitude 
reduction (attenuation), but will also be a source of 
thermal noise power radiation. The noise associated 
with these sources, referred to as radio noise, or sky 
noise, will directly add to the system noise through 
an increase in the antenna temperature of the 
receiver. For very low noise communications 
receivers, radio noise can be the limiting factor in the 
design and performance of the system.  

Radio noise is emitted from many sources, both 
natural (terrestrial and extra-terrestrial origin) and 
human made. 

 
Terrestrial sources include: 

• Emissions from atmospheric gases (oxygen and 
water vapor); 

• Emissions from hydrometeors (rain and 
clouds); 

• Radiation from lightning discharges 
(atmospheric noise due to lightning); 

• Re-radiation from the ground or other 
obstructions within the antenna beam. 
Extra-terrestrial sources include: 

• Cosmic background radiation; 
• Solar and lunar radiation; 
• Radiation from celestial radio sources (radio 

stars). 
 

Human-induced sources include: 
• Unintended radiation from electrical 

machinery, electrical and electronic equipment; 
• Power transmission lines; 

• Internal combustion engine ignition; 
•Emission from other communications systems. 

(Jr. Louis J.Ippolito) 
 

Conclusion: 
In this paper I talked about the propagation of 

radio wave frequency between earth-space links. The 
main factor of attenuation, depolarization, radio 
noise, and its type, also I talk about ionospheric 
effects. 

The purpose from this paper is to produce way 
for the researcher that whom search about the right 
information and in short, and enabling the reader to 
understand what happen when the signal is 
translating between earth-space stations. 
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