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ABSTRACT 

 

                                    In the present chapter the introduction of microwave 
propagation is describe comprehensively. The successive development in 
microwave propagation due to tremendous research and development attempts have 
expended there horizon and these days microwave systems for frequency 1 GHz to 
300 GHz are being widely used in various disciplines such as terrestrial 
communication, satellite communication, radar, radio astronomy, tele-control, 
defense and many others. It may be emphasized that in spite of numerous 
advantages of microwave vary limited definitive data exist to specify the signal 
attenuation and other related propagation characteristics through naturally occurring 
obscurants such as sand, dust storms, rain, cloud, snow, smoke, fog, hail, smog, etc. 
Adverse atmospheric condition such as sand, dust storms, rain, cloud, snow, smoke, 
fog, hail, smog, etc affect the microwave propagation. The increasing interest in the 
microwave frequencies are due to variety of reason the details of which are given in 
following section. According to geographical map of India there are six climate 
zones in which Chhattisgarh covers subtropical (Humid) climate. Generally in 
Chhattisgarh, the summers are hot and temperature can reach up to 480 C in 
lowlands. 
 
Keyword : Microwave, Subtropical, Communication, Attenuation, Adverse atmos-
pheric condition, Humid. 
 

1. INTRODUCTION 
 

Microwave are a form of electromagnetic radiation with wavelengths ranging from 
as long as one meter to as short as one millimeter, or equivalently, with frequencies between 
300 MHz (0.3 GHz) and 300 GHz[1][2].   The prefix “micro-”in “microwave” is not meant to 
suggest a wavelength in micrometer range. It indicates that microwaves are “small” 
compared to waves used in typical radio broadcasting, in that they have shorter wavelengths. 
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                           Microwave technology is extensively used for point to point 
telecommunication, suitable for this use since they are more easily focused into narrower 
beams than radio waves, allowing frequency reuse, their comparatively higher frequencies 
allow broad bandwidth and high data transmission rates, and antenna sizes are smaller than at 
lower frequencies because antenna size is inversely proportional to transmitted frequency. 
        Beginning at about 40 GHz, the atmosphere becomes less transparent to microwaves, 
due at lower frequencies to absorption from water vapor and at higher frequencies from 
oxygen. Above 100 GHz the absorption of electromagnetic radiation by earth’s atmosphere 
is so great that it is in effect opaque, until the atmosphere becomes transparent again in the 
infrared and optical window frequency ranges. 
             The term microwave also has a more technical meaning in electromagnetic and 
circuit theory. Apparatus and techniques may be described qualitatively as “microwave” 
when the frequencies used are high enough that wavelengths of signals are roughly the same 
as the dimensions of the equipment, so that lumped-element circuit theory is inaccurate. As a 
consequence, practical microwave technique tends to move away from the discrete resistors, 
capacitor, and inductors used with lower-frequency radio waves. Instead, distributed circuit 
elements and transmission theory are more useful methods for design and analysis. Open-
wire and coaxial transmission lines used at lower frequencies are replaced by waveguides 
and strip line, and lumped element tuned circuits are   replaced by cavity resonators or 
resonant lines. In turn at even higher frequencies, where the wavelength of the 
electromagnetic waves becomes small in comparison to the size of the structures used to 
process them, microwave techniques become inadequate, and the methods of optics are used. 
This is due to the fact that the presence of various types of precipitations in atmosphere is a 
natural phenomenon. The occurrence of sand, dust storm and rain storm is very sure in the 
arid or temperate region and these natural occurring obscurants essentially affect the 
propagation of signal through it. Therefore with these views it was though useful to 
investigate the effect of sand dust storms, rain drops, ice and snow on the propagation of 
microwave and millimeter wave.   
 

Microwave sources 
                               High power microwave sources use specialized vacuum tubes to generate 
microwaves. These devices operate on different principles from low frequency vacuum 
tubes, using the ballistic motion of electrons in a vacuum under the influence of controlling 
electric or magnetic fields, and include the magnetron, klystron, traveling wave tube, and 
gyrotron. These devices work in the density modulated mode, rather than the current 
modulated mode. This means that they work on the basis of clumps of electrons flying 
ballistically through them, rather than using a continuous stream of electrons. 
                      Low power microwave sources use solid state-devices such as the field effect 
transistor, tunnel diodes, Gunn diodes, and IMPATT diodes. [3] Low power sources are 
available as bench top instruments, rack mount instruments, and embeddable modules and in 
card level formats. A maser is a solid state device which amplifies microwaves using similar 
principles to the laser, which amplifies higher frequency light waves.  
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                       All warm objects emit low level microwave black body radiation, depending 
on their temperature, so in meteorology and remote sensing microwave radiometers are used 
to measure the temperature of objects or terrain. [4] The sun [5] and other astronomical radio 
sources such as Cassiopeia A emit low level microwave radiation which carries information 
about their makeup, which is studied by radio astronomers using receivers called radio 
telescopes. The cosmic microwave noise filling empty space which is a major source of 
information on cosmology’s Big Bang theory of the origin of the Universe. 
                     The microwave system generally handles the information in the frequency 
range from 300 MHz to 300000 MHz corresponding to wavelengths from 1 meter down to 1 
millimeter. This portion of the spectrum is characterized by the short wavelength which is of 
the same order of magnitude as the circuit components used. That is why this band is 
described as microwave. 
 
 
 
 
 
 
 
 
 

                     Fig. 1 Tropospheric wave 
                                          

           The troposphere is considered to be the region of the atmosphere adjacent to the 
earth surface which extends up to 10 Km height. The wave travelling in this region is called 
Tropospheric waves. This is the region in which clouds are formed, the temperature in this 
region decreases with height at the rate of 6.5˚C per kilometer. At the upper boundary the 
temperature is about -50 ˚C. Above the troposphere lies the stratosphere the wave 
prorogation beyond line of sight in the troposphere can result from several mechanisms such 
as diffraction, normal refraction, abnormal reflection and refraction ant troposcatter.  
                             A radio wave travelling horizontally in the earth’s atmosphere follows a 
path which has slightly downward curvature due to the refraction of the wave in the 
atmosphere. In such case the signal reaching the receiver antenna will consist of three 
components fig (2) (i) the direct space wave (ii) reflected wave from the earth surface and 
(iii) the Tropospheric wave due to refraction of the part of wave in the troposphere.   It may 
be mentioned that this curvature of the path due to refraction of the wave in troposphere 
tends to overcome partially the loss of the signal due to the curvature of the earth and permits 
the direct ray to reach points slightly beyond the horizon as determined by the straight line 
path (Fig 2). 
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Fig. 2 Curvature of the path and diffraction region 

 

                 While making computation the effect of refraction is accounted for by using an 
effective radius of curvature for the earth which will be same what longer than the actual 
radius. Under this modified curvature condition the straight line path may be assumed (i.e. no 
refraction in the atmosphere). 
                     The refraction of the radio wave in the atmosphere occurs because the dielectric 
constant and hence the refractive index of the atmosphere varies with height above the earth 
as  

dµ/dh   =  � 3.9 � 10�� /m 
                                                                �  � 4 � 10��  /m 
 

                The dielectric constant of the dry air is slightly greater than unity that applies for a 
vacuum and the presence of water vapor increases the dielectric constant still further. For this 
reason the dielectric constant of the atmosphere is greater than unity near the earth’s surface. 
This value decreases to unity at greater heights where the air density approaches to zero. The 
normal refraction results from this gradual decrease in the dielectric constant and hence with 
the refractive index variation with height. We have   
 

                                                      (µ-1) × 106    �  80 p/T  
 

          where p = total pressure in millibars 
                    T = absolute temperature in Kelvin 
                    µ = refractive index  
                      It may be emphasized that gradient of refractive index (i.e. dµ/dh) is of chief 
significance as far as bending of the radio wave is concerned. If the linear gradient is 
assumed the downward bending of the wave can be accounted for by using a straight line ray 
and an effective earth’s radius greater than the actual radius. For standard atmosphere   
 

                                                     dµ/dh = � 4× 10-8 /m   
                                                     de/dh  = � 0.0033 mbar/m 
                                                dT/dh  =    0.0065 deg/m 
                                    where   µ =   refractive index 
                                                 e =   moisture content (water vapor pressure in mb/m) 
                                                 T =    temperature 
                                    dµ/dh, de/dh, dT/dh are called laps rate. 
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                                 The approximate factor for the effective earth radius is 4/3 times the 
actual radius. The relation between radius of curvature of the path ρ and the change of 
refractive index with height can be derived as follows: 
 
                                                        Let us consider the Fig (3) in which  
                                                                      let ρ = radius of curvature of path  
                                                                      r = radius of earth  
                                                                            d = distance between source and point of              
                                                                      interest where relation is sought between         
                                                                      dµ/dh, h and r.                                                                 
                                                                      from the diagram we have     
                                                                                       SA = d  
                                                                                       AB = h  

                                                                             Now one has  � �
���

���
��

��

    -------- (1)      

         
                                                                       This is an equation of parabola.  
 
 
Fig. (3) Radius of curvature of the path 
and change of refractive index with height               
 

                                                      This curved horizon may be made straight, if the curvature 
of the earth is modified. The fictious radius of the earth should be such that straight line 
drown from the transmitter is tangent to the hypothetical earth and the same distance from 
the transmitter as the actual refracted signal is tangent to the actual earth this is represented 
by ‘s’ in Fig (4) &  Fig(5).  
 
 
 
  
 
 
 
 
 
 
 
 
 
 

           Fig. (4)   Curved ray over actual                      Fig. (5)  Straight ray over fictitious 
          earth with radius of curvature  �                                    earth with radius �� 
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           From Fig. (5) 
�� � ����� �  �� � ���� 

                                                      �� � ����  �  �� � ���� � 2���                                 (2) 
                         As h is much smaller than the hKr 
                                                                    h2  � ���                                         
 Under this condition h2   can be easily neglected and eqn (2) is modified    
      as                                                         
                                                              �� � 2��� 
                                                or             � �  �� �2���⁄  
                                                or             K =   �� �2��� ⁄                                                       (3) 
Proceeding on the same fashion one can get from fig (4) the value of �� and ��     
           as   
                                          �� �   �� �2��⁄   and  �� �  �� �2��⁄    
          since                          h �   �� � �� ,  
          one has                            �� �2���⁄ �   �� �2��⁄ � �� �2��⁄                                      (4) 
          or                                            1 ��⁄ �  1 �⁄ � 1 �⁄                                                      (5)                            
         The eqn. (5) gives rise to  
                                                               � �  1 �1 � � � �� ��⁄                                                (6) 
          Now 1 �⁄ �  �� �⁄   and therefore eqn (6) gives 
                                                               � �  1 �1 � ��� �⁄ ��⁄                                         (7) 
          since � �⁄ �  �4 � 10��/ m  and  � � 7 � 10	  m. Putting these values in 
          eqn. (7) gives the value of the factor � as  
                                                                � �  1 �1 � 7 � 10	 � 4 � 10���⁄    
                                                                    �  1 �1 � 0.28�⁄  
                                                                    �  1 0.72⁄  
                                                                    �  4 3⁄  
Thus the value of    �  ! "⁄   provides the factor for standard atmosphere. 
 

CONCLUSION  
 

     Microwave propagation has got its wide application. Consequently the techniques of 
microwave have developed to a large extent. Now a day microwaves are being widely 
utilized in several diverse applications such as satellite communication, terrestrial 
communication, telecontrol, radio beacons and radars. The main uses of radar in many forms 
such as weather detecting radar, missile tracking radar, missile guidance radar etc. can be 
easily underlined. Finally it has been emphasized the introductory part of microwave 
propagation.    
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