
 
 

UNIT V 

EAVE PROPAGATION-II 
 

Introduction of Sky Eave Propagation or IONOSPERIC Eave Propagation 
 

Medium and high frequencies of 2 to 30 MHz 
Reflection from the ionized region in the upper atmosphere called Ionosphere (50Km 
to 400Km above earth surface). 
Ionosphere – act as a reflected surface 
More than 30 MHz- not reflected & penetrate into Ionosphere. 
Refection from Ionosphere called as ionosphere propagation. 
Suitable for 2 to 30 MHz called as short wave propagation. 
Long distance point to point communication called as point to point propagation. 
Possible with multiple reflection extremely long distance communication. 

 
STRUCTURE OF THE IONOSPHERE 
As we stated earlier, the ionosphere is the region of the atmosphere that extends from about 
30 miles above the surface of the Earth to about 250 miles. It is appropriately named the 
ionosphere because it consists of several layers of electrically charged gas atoms called 
ions. The ions are formed by a process called ionization. 

 
Ionization 
Ionization occurs when high energy ultraviolet light waves from the sun enter the 
ionospheric region of the atmosphere, strike a gas atom, and literally knock an electron free 
from its parent atom. A normal atom is electrically neutral since it contains both a positive 
proton in its nucleus and a negative orbiting electron. When the negative electron is 
knocked free from the atom, the atom becomes positively charged (called a positive ion) 
and remains in space along with the free electron, which is negatively charged.  This 
process of upsetting electrical neutrality is known as IONIZATION. The free negative 
electrons subsequently absorb part of the ultraviolet energy, which initially freed them from 
their atoms. As the ultraviolet light wave continues to produce   positive   ions   and 
negative electrons, its intensity decreases because of the absorption of energy by the free 
electrons, and an ionized layer is formed. 
The rate at which ionization occurs depends on the density of atoms in the atmosphere and 
the intensity of the ultraviolet light wave, which varies with the activity of the sun. 
Since the atmosphere is bombarded by ultraviolet light waves of different frequencies, 
several ionized layers are formed at different altitudes. Lower frequency ultraviolet waves 
penetrate the 



 
 

atmosphere the least; therefore, they produce ionized layers at the higher altitudes. 
Conversely, ultraviolet waves of higher frequencies penetrate deeper and produce layers at 
the lower altitudes. An important factor in determining the density of ionized layers is the 
elevation angle of the sun, which changes frequently. For this reason, the height and 
thickness of the ionized layers vary, depending on the time of day and even the season of 
the year. Recombination Recall that the process of ionization involves ultraviolet light 
waves knocking electrons free from their atoms. A reverse process called 
RECOMBINATION occurs when the free electrons and positive ions collide with each 
other. Since these collisions are inevitable, the positive ions return to their original neutral 
atom state. 

 
The recombination process also depends on the time of day. Between the hours of early 
morning and late afternoon, the rate of ionization exceeds the rate of recombination. During 
this period, the ionized layers reach their greatest density and exert maximum influence on 
radio waves. 

 
During the late afternoon and early evening hours, however, the rate of recombination 
exceeds the rate of ionization, and the density of the ionized layers begins to decrease. 
Throughout the night, density continues to decrease, reaching a low point just before 
sunrise. 

 
Four Distinct Layers 
The ionosphere is composed of three layers designated D, E, and F, from lowest level to 
highest level as shown in figure, The F layer is further divided into two layers designated  
F1 (the lower layer) and F2 (the higher layer). The presence or absence of these layers in 
the ionosphere and their height above the Earth varies with the position of the sun. At high 
noon, radiation in the ionosphere directly above a given point is greatest. At night it is 
minimum. When the radiation is removed, many of the particles that were ionized 
recombine. The time interval between these conditions finds the position and number of the 
ionized layers within the ionosphere changing. 



Since the position of the sun varies daily, monthly, and yearly, with respect to a specified 
point on Earth, the exact position and number of layers present are extremely difficult to 
determine. 

 
However, the following general statements can be made: 

 
The D layer ranges from about 30 to 55 miles. Ionization in the D layer is low because it is 
the lowest region of the ionosphere. This layer has the ability to refract signals of low 
frequencies. High frequencies pass right through it and are attenuated. After sunset, the D 
layer disappears because of the rapid recombination of ions. 

 
b. The E layer limits are from about 55 to 90 miles. This layer is also known as the 
Kennelly- 
Heaviside layer, because these two men were the first to propose its existence. The rate of 
ionic recombination in this layer is rather rapid after sunset  and the layer  is  almost  gone 
by midnight. This layer has the ability to refract signals as high as 20 megahertz. For this 
reason, it is valuable for communications in ranges up to about 1500 miles. 

 
c. The F layer exists from about 90 to 240 miles. During the daylight hours, the F layer 
separates into two layers, the F1 and F2 layers. The ionization level in these layers is quite 
high and varies widely during the day. At noon, this portion of the atmosphere is closest to 
the sun and the degree of ionization is maximum. Since the atmosphere is rarefied at these 
heights, recombination occurs slowly after sunset. Therefore, a fairly constant ionized layer 
is always present. The F layers are responsible for high-frequency, long distance 
transmission. 

 
REFRACTION IN THE IONOSPHERE 
When a radio wave is transmitted into an ionized layer, refraction, or bending of the wave, 
occurs. As we discussed earlier, refraction is caused by an abrupt change in the velocity of 
the upper part of a radio wave as it strikes or enters a new medium. The amount of 
refraction that occurs depends on three main factors: (1) the density of ionization of the 
layer, (2) the frequency of the radio wave, and (3) the angle at which the wave enters the 
layer. 
Density of Layer the relationship between radio waves and ionization density. Each ionized 
layer has a central region of relatively dense ionization, which tapers off in intensity both 
above and below the maximum region. As a radio wave enters a region of INCREASING 
ionization, the increase in velocity of the upper part of the wave causes it to be bent back 
TOWARD the Earth. While the wave is in the highly dense center portion of the layer, 
however, refraction occurs more slowly because the density of ionization is almost uniform. 
As the wave enters into the upper part of the layer of DECREASING ionization, the 
velocity of the upper part of the wave decreases, and the wave is bent AWAY from the 
Earth. 

 
If a wave strikes a thin, very highly ionized layer, the wave may be bent back so rapidly 
that it will appear to have been reflected instead of refracted back to Earth. To reflect a 
radio wave, the highly ionized layer must be approximately no thicker than one wavelength 
of the radio wave. 

Since the ionized layers are often several miles thick, ionospheric reflection is more 
likely to occur at long wavelengths (low frequencies). 



 
 

Day and night structure of ionosphere: 
 

 

 
Critical Frequency 

For any given time, each ionospheric layer has a maximum frequency at which 
radio waves can be transmitted vertically and refracted back to Earth. This frequency is 
known as the CRITICAL FREQUENCY. It is a term that you will hear frequently in any 
discussion of radio wave propagation. 

Radio waves transmitted at frequencies higher than the critical frequency of a given 
layer will pass through the layer and be lost in space; but if these same waves enter an  
upper layer with a higher critical frequency, they will be refracted back to Earth. Radio 
waves of frequencies lower than the critical frequency will also be refracted back to Earth 
unless they are absorbed or have been refracted from a lower layer. The lower the  
frequency of a radio wave, the more rapidly the wave is refracted by a given degree of 
ionization. Figure 2-16 shows three separate waves of different frequencies entering an 
ionospheric layer at the same angle. Notice that the 5-megahertz wave is refracted quite 
sharply. The 20-megahertz wave is refracted less sharply and returned to  Earth  at  a 
greater distance. The 100-megahertz wave is obviously greater than the critical frequency 
for that ionized layer and, therefore, is not refracted but is passed into space. 


