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UNIT IV 

Propagation on satellite: Earth’s path – propagation effects, atmospheric absorption, 

Scintillation effects, Land and Sea multipath, Rain and ice effects, Rain drop distribution, 

calculation of attenuation. Rain effects on Antenna noise temperature. 
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INTRODUCTION 

Radio propagation is the behavior of radio waves when they are transmitted, or propagated from one 

point on the Earth to another, or into various parts of the atmosphere. As a form of electromagnetic 

radiation, like light waves, radio waves are affected by the phenomena of reflection, refraction, 

diffraction, absorption, polarization and scattering. 

  

 Radio propagation is affected by the daily changes of water 

vapor in the troposphere and ionization in the upper atmosphere, due to the Sun. Understanding the 

effects of varying conditions on radio propagation has many practical applications, from choosing  

frequencies for international shortwave broadcasters, to designing 

reliable mobile telephone systems, to radio navigation, to operation 

of radar systems. 

 

Reflection:  

Reflection is the change in direction of a wavefront at an interface between two different media so 

that the wavefront returns into the medium from which it originated. Common examples include the 

reflection of light, sound and water waves. The law of reflection says that for specular reflection the 

angle at which the wave is incident on the surface equals the angle at which it is 

reflected. Mirrors exhibit specular reflection. 

 

Refraction :  

Refraction is the change in direction of a wave passing from one medium to another or from a 

gradual change in the medium.[1] Refraction of light is the most commonly observed phenomenon, 

but other waves such as sound waves and water waves also experience refraction. How much a wave 

is refracted is determined by the change in wave speed and the initial direction of wave propagation 

relative to the direction of change in speed.  

 

Diffraction : 

Diffraction refers to various phenomena that occur when a wave encounters an obstacle or opening. 

It is defined as the bending of waves around the corners of an obstacle or through an aperture into the 
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region of geometrical shadow of the obstacle/aperture. The diffracting object or aperture effectively 

becomes a secondary source of the propagating wave.  

 

 Absorption :  

 Absorption of electromagnetic radiation is how matter (typically electrons bound in atoms) 

takes up a photon's energy — and so transforms electromagnetic energy into internal energy of 

the absorber (for example, thermal energy). A notable effect is attenuation, or the gradual 

reduction of the intensity of light waves as they propagate through a medium. Although the 

absorption of waves does not usually depend on their intensity (linear absorption),  

 

Polarization : 

Polarization (also polarisation) is a property applying to transverse waves that specifies the 

geometrical orientation of the oscillations. In a transverse wave, the direction of the oscillation is 

perpendicular to the direction of motion of the wave. A simple example of a polarized transverse 

wave is vibrations traveling along a taut string (see image); for example, in a musical instrument like 

a guitar string. Depending on how the string is plucked, the vibrations can be in a vertical direction, 

horizontal direction, or at any angle perpendicular to the string. In contrast, in longitudinal waves, 

such as sound waves in a liquid or gas, the displacement of the particles in the oscillation is always in 

the direction of propagation, so these waves do not exhibit polarization. Transverse waves that 

exhibit polarization include electromagnetic waves such as light and radio waves, gravitational 

waves,[6] and transverse sound waves (shear waves) in solids.  

 

Scattering : 

Scattering is a term used in physics to describe a wide range of physical processes where moving 

particles or radiation of some form, such as light or sound, is forced to deviate from a 

straight trajectory by localized non-uniformities (including particles and radiation) in the medium 

through which they pass. In conventional use, this also includes deviation of reflected radiation from 

the angle predicted by the law of reflection. Reflections of radiation that undergo scattering are often 

called diffuse reflections and unscattered reflections are called specular (mirror-like) reflections.  
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ATMOSPHERIC LOSSES 

Multiple losses occur due to the Earth‟s atmosphere. Losses maybe because of the adverse weather 

conditions or because of the energy absorption done by the various gases present in 

the atmosphere.  

Weather related losses are called “atmospheric attenuation”.  

Absorption losses are called“atmospheric absorption”. 

 

At various frequencies, different components of atmosphere cause impairments to the radio wave 

signals. 

 

Example:  

water vapour at 22.3 GHz and oxygen (O2) at 60 GHz. Considering the elevation angle of signals as 

100 and absorption loss at [AA]90 decibels.  

Formula for absorption loss is: 

[AA] = [AA]90 cosec θ 

Where θ is the elevation angle. A fading phenomenon, which causes the radio waves to focus and 

defocus because of the differences in the atmospheric refraction index is seen. This effect is called 

“atmospheric scintillation”.  
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IONOSPHERE EFFECT : 

Ionosphere is one of the layers in the Earth‟s atmosphere. It is situated between 90 kms to 400 kms 

above the surface of the Earth. All the communication signals between satellites and 

earth stations have to pass through this layer. 

 This layer contains free electrons which are charged due to solar radiation. These ions are not 

uniformly distributed across the ionosphere, but move together across the ionosphere in 

clusters. Such clusters are called clouds of electrons or “travelling ionosphere disturbances”. When 

signals pass through such electron clouds, fluctuations are caused. 

 

 Electron clouds are created when accelerated charged particles disturb stray electrons already 

floating in the atmosphere, and bounce or slingshot the electrons into each 

other and the passing by signals. These stray electrons can be photo-electrons from synchrotron 

radiation or electrons from ionized gas molecules and have adverse effect on the signals 

passing through them especially if the density of these clouds is high.  
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 The other effects seen on the signal also includes scintillation, absorption, propagation delay, 

dispersion, and frequency  change and polarization rotation. These effects decrease as the 

frequency increases. Out of the above effect only scintillation and polarization rotation are of major 

concern for satellite communication.  

 

Absorption:  

Electromagnetic waves are absorbed in the atmosphere according to wavelength. Two compounds 

are responsible for the majority of signal absorption: oxygen (O2) and water. It is seen for 

frequencies at 22 GHz due to water, and at 63 GHz due to oxygen. The concrete amount of water 

vapour and oxygen in the atmosphere normally declines with an increase in altitude because of the 

decrease in pressure.  

 

    

Propagation Delay:  

Propagation delay is the time required for a signal to travel from the sender (in our case from an 

earth station or a spacecraft) to the receiver. It is measured in microsecond. As distances are very 

much greater than those involved with terrestrial systems, propagation delay can be an 

issue, especially for satellites using geostationary orbits. Here the round trip from the ground to the 

satellite and back can be of the order of a quarter of a second. 

 

Dispersion:  

Here the signals are distributed over a wide area. 

 

Polarization Rotation:  

It is the phenomenon in which waves of light or other radiation are restricted in direction of 

vibration. 

 

Scintillation:  

It is the variation in the amplitude, phase, polarization, angle of arrival of radio waves. They are 

caused by the irregularities in the ionosphere which change with time.  
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Fading of signal is the major effect o ionosphere scintillation.  

The effect of fading can sometimes be very severe and may last upto several minutes. 

 

Effect of scintillation : 

 

Scintillation, here defined as tropospheric scintillation, is a rapid and random fluctuation in one or 

more of the characteristics (amplitude, phase, polarization, and direction of arrival) of a received 

signal, which is caused by refractive index fluctuations of turbulence due to turbulent mixing of air 

masses with different temperatures, pressure and 

water vapour content. At low elevation angles and higher frequencies, scintillation could reach the 

value comparable to rain fading and impairs low margin systems. Such fast fluctuation could 

interfere with power control algorithms used to mitigate rain fading. 

Determination of rain fading and scintillation are significant for estimating or designing the Earth-

space links, as well as for the fade mitigation techniques.   

 

Rain and Attenuation ;  

The attenuation is caused by the scattering and absorption of electromagnetic waves by drops of 

liquid water. The scattering diffuses the signal, while absorption involves the resonance of the waves 

with individual molecules of water. Absorption increases the molecular energy, corresponding to a 

slight increase in temperature, and results in an equivalent loss of signal energy. Attenuation is 

negligible for snow or ice crystals, in which the molecules are tightly bound and do not interact with 

the waves.  

 The attenuation increases as the wavelength approaches the size of a typical raindrop (water 

particles), which is about 1.5 millimetres.  

 

Wavelength and frequency are related by the relation c = λ. f, where λ is the wavelength, f is the 

frequency, and c is the speed of light (approximately 3 x 108 m/s). For example, at the C-band 

downlink frequency of 4 GHz, the wavelength is 75 millimetres.  

 The wavelength is thus 50 times larger than a raindrop and the signal passes through the rain 

with relatively small attenuation. At the Ku-band downlink frequency of 12 GHz, the wavelength is 

25 millimetres. Again, the wavelength is much greater than the size of a raindrop, although not as 



8th Semester Electronics E-II Sat. Com.  Satellite Communication 

 

Prof. Vijay V. Chakole Department of Electronics Engineering, K. D. K. College of Engineering, Nagpur. Page 8 

 

much as at C-band. At Ka-band, with a downlink frequency of 20 GHz, the wavelength is 15 

millimetres and at V-band, at a downlink frequency of 40 GHz, it is only 7.5 millimetres. At these 

frequencies, the wavelength and raindrop size are comparable and the attenuation is quite large.  

 

 Considerable research has been carried out to model rain attenuation mathematically and to 

characterize rainfall throughout the world. Many experimental measurements are done in western 

hemisphere related to this field. 

The standard method of representing rain attenuation is through an equation of the form 

 

 Where, Lr is the rain attenuation in decibels (dB), R is the rain rate in millimetres per hour, L is an 

equivalent path length (km), and α and β are empirical coefficients that depend on frequency and to 

some extent on the polarization. The factor γ is called the specific rain attenuation, which is 

expressed in dB/km. 

 

The equivalent path length depends on the angle of elevation to the satellite, the height of the rain 

layer, and the latitude of the earth station. The rain rate enters into this equation because it is a 

measure of the average size of the raindrops. When the rain rate increases, i.e. it rains harder, the rain 

drops are larger and thus there is more attenuation. Rain models differ principally in the way the 

effective path length L is calculated. 

 

Rain and temperature : 

he downlink system noise temperature increases due to rain. The figure of merit of the earth station 

receive antenna is the ratio of the antenna gain to the system temperature G/T. The effect of rain is to 

increase the system temperature and thus reduce the figure of merit.   

 The antenna temperature is the integrated sky temperature weighted by the antenna gain. At a 

high angle of elevation, the clear sky temperature is typically about 25 K since the antenna looks at 

cold space. However, the temperature of liquid water is about 300 K. 

 Thus the rain increases the sky temperature noteworthy. Therefore, the noise admitted to the 

earth station receiving antenna increases and causes further signal degradation. 
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 However, rain does not affect the system noise temperature of the satellite and uplink chain 

more, because its antenna looks at the warm earth. The rain layer acts very much like a lossy 

waveguide.  

 

Rain and Polarisation : 

Rain changes the polarisation of the signal somewhat. Due to the resistance of air, a falling raindrop 

assumes the shape of an oblate spheroid. Wind and other dynamic force can cause the rain drop to be 

rotated at statistical distribution of angles.  

 Consequently, the transmission path length through the rain drop is different for different 

signal polarisations and the polarisation of the received is altered. For a satcom system with dual 

linear polarisations, the change in polarisation has two effects. First, there is loss in signal strength  

because of misalignment of the antenna relative to the clear sky orientation.  

 Given by 20log(cosτ), where τ is the tilt angle relative to the polarization direction induced 

by the rain. Second, there is additional interference noise due to the admission of a portion of the 

signal in opposite polarisation.  
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1. Explain the effect of atmospheric absorption on satellite communication. 

2. Write short notes on Tropospheric multipath and scintillation effect.  
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3. Write short notes on Land and Sea multipath. 

4. What is depolarization? How could we overcome the depolarization. 

5. What do you mean by propagation effects? Explain briefly.  

6. Explain rain and ice effect on satellite communication. 

7. Write short notes on Ice depolarization  

8. Write short notes on Rain depolarization  

9. Explain the effect of atmospheric absorption on satellite communication. 

10. Write short notes on Quantifying Attenuation & Depolarization  

11. Write short notes on Atmospheric Absorption  

12. Write short notes on Tropospheric scintillation and low noise fading.  

13. Write short notes on Rain and Ice effect on satellite wave propagation. 

14. Explain Rain effect on antenna noise.  

15. With neat sketch explain Atmospheric absorption, cloud attenuation and tropospheric 

scintillation.  

16. In regard with propagation impairment count remeasures explain power control and signal 

processing.  

 

 

 

 

 

 

 

 

 

 


