
Table of Contents 
 

iv 
 

TABLE OF CONTENTS 

List of figures 

 

iv 

 

List of Tables 

 

x 

List of Symbols 

 

xi 

List of Acronyms 

 

xiv 

 

S.No                                                      Title                                                 Page No 

1.General Introduction 

1.1 Introduction…………………………………………………  …………                                                                                                                         1 

1.2  Statement of the Problem………………………………….……………..                                                                                          1 

1.3 Objectives of the Present work…………………...……….……………...                                                                                2 

1.4 Satellite Systems History……………………………………...………….                                                                                               2 

1.5 Satellite Systems…………………………………………….………..…..                                                                                                             3 

1.6 EHF and SHF Satellite Systems…………………………….………..…..                                                                                       5 

1.7 Ku Band Satellite for Indian Region……………..………….…………...                                                                        6 

1.8 Ku Band Beam Coverage for Indian Region………………..…………...                                                            7 

1.9 Advantages of EHF and SHF…………………………….........................                                                                                        19 

1.9.1 Frequency Allocation for Earth space Path links…........................ 19 

1.9.2 Operating Bandwidth………………………………..………….        20 

1.9.3 Antenna Gain………………………………………….………..                              20 

1.10  Disadvantages of EHF and SHF…………………………..……….……                                                                           21 

1.10.1 Technological Limitations………………………….…………..                                                                             21 

1.10.2 Increased Tropospheric Attenuation………………….…..…….                                                      21 

2. Theoretical Background                                                                                                                    

2.1 Rain…………………….…………………..…………….…………….                                                                                                                                        23 

2.2 Formation of warm Clouds…………………..……………….…….…….                                                                                                23 



Table of Contents 
 

v 
 

2.2.1 Condensation…………………..……………….………………                                                                                                     23 

2.2.2 Collision and Coalescence Condensation………...................……                                                       23 

2.3 Formation of Cold Clouds…………………………………….………...                                                                                                    23 

2.4 Rain Cells………….……….……………………………...….…………..                                                                                                                                24 

2.5 Physical Cause of Rain Attenuation……......…………………...….……..                                                                                    25 

2.5.1 Impairment Due to Rain……….…………………..……………                                                                                     25 

2.5.2 Startiform and Convective Rain……………………...…………                                                                        26 

2.5.2.1 Startiform Rainfall……………………....………………                                                           26 

2.5.2.2 Convective Rainfall………………..…….….…………...                             26 

2.6 Literature Survey……………………………….…………..…..…………                                                                                                                   26 

2.7 Fall Velocity and Shape of Rain Drops….....................….………………                                                                               37 

2.7.1 Velocity……….………….……………...………….…………….                                                                                                                   37 

2.7.2 Shape and Size of the Rain Drop………………….……...…….                                                                         37 

2.8 Breakup of Rain Drops……………………..……………….……………                                                                                                            38 

2.9 Raindrop Canting Angle…………………………………………………                                                                                                          39 

2.10 Radar Reflectivity……………………..…………………..……………                                                                                                                   40 

2.10.1 Empirical Rain rate And Radar Reflectivity Relationship……... 42 

2.10.2 Rain rate Calculation from Radar Reflectivity…………..….....                                                44 

2.11 Propagation Channel Modeling………………………………………....                                                                                            46 

2.11.1 ITU-R P.618-8…………………………………………….…..                                                                                                          47 

2.11.2 N-State Markov Chain Models………………………………..                                                                   47 

2.11.3 Synthetic Storm Technique……………………………………                                                                                   47 

2.11.4 Two Sample Model……………………………………………                                                                                                 48 

3.Experimental Hardware 

3.1Introduction……………………………………………………….……….                                                                                                                                 49 

3.2 Experimental Setup and Technical Details………………….………… 50 



Table of Contents 
 

vi 
 

3.2.1 Description………………………………...……………………                                                                                                                 50 

3.2.2 Low Noise Block Down Converter “LNBF” ……………..……                                                            52 

3.2.3 Set Top Box (Dish Tv or Tata Sky) ……………………………                                                                           55 

3.2.4 Recorded Observations in Spectrum Analyzer…………………                                                     57 

3.3 Data Acquisition System…………………………….……………………              58 

3.3.1 GPIB……………………………………….……………………                                                                                                                             60 

3.3.2 Communication using the Serial port…………………….………                                                                  61 

3.3.3 VISA Functions…………………………………………………                                                                                                           63 

3.3.4 Connecting the PC to the Real World Applications……………                                             63 

3.3.5 Instrumental Control In Lab View………………..………………                                                                           63 

3.3.6 Understanding Analog and Digital I/O…………………………                                                                   64 

3.4 Procedure to use DAQ Assist In Lab VIEW Signal Express Module……                                     65 

3.4.1 Simulating the Project and unveiling Signals………………….. 66 

3.4.2 Recording and Dumping Signals to Microsoft Excel…………..                                             67 

3.4.3 Viewing the Logged Signal…………………………………….                                                                                        68 

3.4.4 Logging Signals with Prescribed Initial and Final Conditions…                            68 

3.5 Details of Programs (VI’s) Developed for Experimental Setup- Data 

Logging Task………………………………………..…………………… 

          

70 

3.5.1 Instrument connectivity –Serial Port by Write and Read……….                                    71 

3.5.2 Using VISA -2 Port Serial Write and Read…………………….                                                               73 

3.5.3 Communication and Data Transmission/Reception…………….                                             75 

3.5.4 Using General Purpose Interface Bus –GPIB…………………..                                                          78 

3.5.5 Advanced Configuration Using GPIB-VISA…………………...                                                              79 

3.5.6 Advanced Peak Detector Using Built-in Function in LabVIEW.                           80 

3.5.7 FFT and Power Spectrum Functional Window…………………                                                      82 

3.5.8 Data Logger with Events……………………………………….                                                                                            83 



Table of Contents 
 

vii 
 

3.5.9 Automatic Data Read Start and Stop Times for all Runs in a 

Task…………………………………………………………………… 

84 

3.6 Summary and Conclusions……………………………………………….. 88 

4.Rain Drop Size Distribution and Variation of Attenuation with 

Rainfall Rate                        

4.1 Disdrometers……………………………………………………............... 89 

4.2Rain Drop Size Distribution……………………………………………… 91 

4.2.1 Laws and Parsons  Distribution Model………………………… 91 

4.2.2 Exponential Distribution……………………..…………………. 91 

4.2.3 Log-Normal Distribution………………………………………… 93 

4.2.4 Gamma Distribution…………………………………………......... 94 

4.3 Rainfall Rate……………………………………………………............... 95 

4.4 Disdrometer Used in this work………………………………….............. 96 

4.4.1Disdrometer Integration time Interval………………….............. 96 

4.5 Disdrometer Results……………………………………………………… 98 

4.5.1 Cumulative Distribution of Rainfall Rate………………………... 98 

4.5.2 Variability of DSD as a Function of Rainfall Rate and Time…… 99 

4.5.3 Seasonal Variation of DSD………………………………………. 102 

4.6 Rain Attenuation…………………………………………………………. 103 

4.6.1 Electromagnetic Scattering and Absorption……………………... 104 

4.6.1.1 Mie Theory……………………………………………….   105 

4.6.1.2 T-Matrix…………………………………………………. 106 

4.6.2 Specific Attenuation……………………………………………... 107 

4.6.3 Multiple Scattering……………………………………................. 107 

4.6.4 Polarization………………………………………………………. 108 

4.6.5 Variability in the Attenuation and Rainfall Rate Relationship… 109 



Table of Contents 
 

viii 
 

5. Various Attenuation Models and Other Effects of Troposphere 

5.1 Introduction……………………………….……………………………… 110 

5.2Models of Rain Attenuation Statistics………………….………………… 111 

5.3 Effective Rain Height……………………………………..……………… 112 

5.4 Estimation of Specific Attenuation…………………………….………… 113 

5.5 Attenuation Prediction Models………………………………………...… 114 

5.5.1 ITU-R Model…………………………………………………… 115 

5.5.2 Rice-Holmberg Model…………………………………………… 118 

5.5.3 Moupfouma’s  Model………………………………...…………… 119 

5.5.4 Simple Attenuation Model………………………………...…… 120 

5.5.5 Month Wise Cumulative Distribution of Rainfall……………… 126 

5.6 Tropospheric Parameters……………………………….………………… 127 

5.6.1 Temperature……………………………………………………… 128 

5.6.2 Pressure…………………………………………………………... 128 

5.6.3 Humidity…………………………………………………………. 128 

5.6.4 Dew Point………………………………………………………... 129 

5.6.5 Liquid Water Content……………………………………………. 130 

5.6.6 Lifted Index……………………………………………………… 131 

5.6.7 Convective Available Potential Energy…………………………. 131 

5.6.8 Wind Speed………………………………………………………. 132 

5.7 Other Tropospheric Attenuations………………………………………… 133 

5.7.1 Cloud Attenuation………………………………………………... 133 

5.7.2 Tropospheric Scintillation………………………………………... 134 

5.7.3 Tropospheric Amplitude Scintillation Prediction Models…........ 134 

5.7.4 Input Data Sources for Evaluation of Tropospheric Scintillation... 135 

5.7.5 Procedure for Evaluating the Input Parameters es, e and Nwet…… 136 



Table of Contents 
 

ix 
 

5.8 Conclusion……………………………………………………………….. 137 

6. Attenuation Measurement for INSAT 3B/4A Ku Band Downlink 

6.1 Attenuation Measurement for INSAT 3B/4A Satellite Signals…………. 138 

6.1.1 Attenuation Measurement during Rainy Day……………………. 142 

6.1.2 Power Spectral Density of Beacon Data………………………… 145 

6.2 Extraction of Scintillation from Attenuation…………………………….. 147 

6.3 Variation of Rain Attenuation as Function of Frequency………............... 149 

6.4 Simulation of Metrology Data for Five Cities (Using Various Rain     

Attenuation Models)…………………………………………………………. 150 

6.4.1 Role of Dish Size in Signal Attenuation with Different EIRP 

Values……………………………………………………………… 150 

6.4.2 Total Attenuation in Monsoon Period…………………..…….. 151 

6.4.3 Average Month Wise Rain Fall Variation for 15 Years…………… 152 

6.4.4 Attenuation due to Rain Fall for Average Year………………….. 153 

6.4.5 Prediction for Attenuation for Various Models in India………… 154 

6.5 Conclusion……………………………………………..………………… 158 

7.Conclusion and Further work 

7.1 Conclusion……………………………………..………………………… 159 

7.2 Further Work………………………………………………………...…… 160 

7.2.1 Polarisation………………………………………...…………….. 160 

7.2.2 Disdrometer Time Samples…………………………..………….. 160 

7.2.3 Classification of Stratiform and Convective Rain for a 

Disdrometer…………………………………………………………… 

161 

7.2.4 Fade Mitigation Techniques…………………………………… 161 

7.2.4.1 Implementation of Fade Mitigation…………………..… 161 

7.2.4.2 Spot Beam Satellites…………………………………… 162 

References & Bibliography 163 



Table of Contents 
 

x 
 

Publications 179 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



List of   Figures 
 

iv 
 

 

LIST OF FIGURES 

S. No.               Figure Title                                            Page No 

1.1 Ku band South Asia  beam of NSS 11 for Indian  coverage………………….. 7 

1.2 Ku band South Asia  beam of SES7 for Indian  coverage…………………….. 7 

1.3 Ku Band India  beam coverage of Asia Sat 8………………………………..... 8 

1.4 Ku band south Asia beam of Asia sat 7………………………………………..     8 

1.5 Ku band south Asia beam of Asia Sat 5………………………………………. 9 

1.6 Ku band south Asia beam of china sat11……………………………………… 9 

1.7 Ku band south Asia beam of SES 8…………………………………………… 10 

1.8 Ku Band Indian Sub-Continent Spot Beam of NSS 6………………………… 10 

1.9 Ku band Indian Beam of INSAT 4B………………………………………….. 11 

1.10 Ku Band Indian Beam of INSAT 3A………………………………………..... 11 

1.11 Ku band south Asia beam of MESAT 3………………………………………. 12 

1.12 Ku Band Indian Beam of  INSAT 4A………………………………………… 12 

1.13 Ku Band Indian Beam coverage of GSAT 10………………………………… 13 

1.14 Ku Band Indian Beam coverage of ABS 2…………………………………..... 13 

1.15 Ku Band Indian Beam coverage of INSAT 4CR……………………………… 14 

1.16 Ku Band Indian Beam coverage of GSAT 14………………………………… 14 

1.17 Ku Band Indian Beam coverage of INTELSAT 22…………………………… 15 

1.18 Ku Band Wide beam of EUTELSAT 70B……………………………………. 15 

1.19 Ku Band Indian Beam coverage of AMOS 4 ………………………………… 16 

1.20 Ku Band spot 2 beam of INTELSAT 906…………………………………….. 16 

1.21 Ku Band South Asia beam of NSS 12………………………………………… 17 

1.22 Ku Band Indian Beam coverage of GSAT 8………………………………….. 17 

1.23 Ku Band steerable beam of EUTELSAT 48C………………………………… 18 



List of   Figures 
 

v 
 

1.24 Ku Band  India beam of INTELSAT 12………………………………………. 18 

1.25 Ku Band Pakistan, central/south Asia beam of PAKSAT 1R………………… 19 

2.1 Rain drop shapes with size 1mm, 2mm, 3mm and 4mm……………………… 38 

2.2 Rain drop shapes with their size (a) a Rain drop with >5mm diameter forming 

a parachute,(b) inverted bag shape rain drop,(c)Break up of rain 

drop……………………………………………………………………………. 

 

39 

2.3 Illustration of rain drop canting angle with inclusion of wind force………….. 40 

2.4 69 Power law Z-R relationships including five deviating relationships as 

indicated by dashed lines, four of which have prefator a significantly smaller 

than 100 and one of which has an exponent b as high as 2.87 the bold line in 

the figure represents the linear relationship as proposed by the 

list……………………………………………………………………………... 

 

 

 

42 

2.5 The bold line represents the Marshall et al and dashed line represents the mean 

Battens relation for the experimental data recorded at KLUniversity………….. 
43 

2.6 Solid line represents the measured rain rate on 18-09-2013 starts at 19:26:30; 

dashed line represents the rain rate calculated from measured Radar reflectivity 

using Marshall etal, power law  relation………………....................................... 

 

44 

2.7 Solid line represents the measured rain rate on 18-09-2013 starts at  19:26:30,     

dashed line represents the rain rate calculated from measured Radar reflectivity 

using battens, power law relation ………………………………......................... 

 

45 

2.8 Solid line represents the simulated rain rate using Marshall et al  on 18-09-

2013 starts at 19:26:30; dashed line represents the simulated rain rate from 

measured Radar reflectivity using Battens, power law relation………………. 

 

46 

3.1 Dish Alignment for a particular location to receive the satellite signals from 

GEO stationary orbit for INSAT 4A/GSAT 10 satellites…………………….. 
50 

3.2 Main components of the receiving station are shown in the diagram………… 51 

3.3 Detailed block diagram of LNBF. ……………………………………………. 53 

3.4 Set Top Box schematic view………………………………………………….. 55 

3.5 Block diagram of typical set top box…………………………………………. 56 

3.6 DTH Technology Schematic Block Diagram………………………………… 56 

3.7 The total DTH spectrum in Ku band…………………………………………..                       57 



List of   Figures 
 

vi 
 

3.8 Ku-band spectrums of DTH received signal as observed in Spectrum  Analyzer 

(IFR Americas and Rohde Schwartz)……………………………….                                                   

 

57 

3.9 DAQ System…………………………………………………………………..                   58 

3.10 Types of DAQ devices are available from NI…………………………………                            59 

3.11 GPIB boards from NI…………………………………………………………. 60 

3.12 Typical GPIB system containing one  GPIB controller board and  more GPIB 

enabled instruments……………………………………………………………                     
61 

  3.13 Typical (RS-232) serial system containing one RS-232 enabled instrument 

connected to a computer via its serial port………………………………………                                      
62 

3.14 Illustration of the computer connected to the real world devices using data 

acquisition hardware………………………………………………………….. 
63 

3.15 I/O Assistant Palette in LabVIEW.....................................................................                                          64 

3.16 DAQmxData Acquisition palette.......................................................................                                                      65 

3.17 Lab VIEW Signal Express general window…………………………………...                                  66 

3.18 Schematic view of the programs developed for experimental setup…………..                 71 

3.19 Window used for Instrument connectivity check with RS232C Cable  (Serial 

Port) by Reading and Writing data to/from instrument……………………….                                   
73 

3.20 Block diagram of basic serial read and write connecter pane and panel 

windows……………………………………………………………………….                      
73 

3.21 Connecter pane and control panel of VISA- 2 Port serial write and read 

window………………………………………………………………………...                                   
74 

3.22 Block Diagram to check the instrument connectivity using VISA -2 Port serial 

write and read window………………………………………………….                 
75 

3.23 Connecter pane and front panel of advanced serial read and write window…..                                 77 

3.24 Block diagram advanced serial read and write window……………………….                  78 

3.25 Front panel window for checking the external device (Spectrum Analyzer) 

connected using GPIB…………………………………………………………                                                         
78 

3.26 Block diagram of window for checking the external device Connected using 

GPIB…………………………………………………………………………...                                                                                     
79 



List of   Figures 
 

vii 
 

3.27 Front panel window for checking the external device (Spectrum Analyser) 

connected using advanced configuration GPIB-VISA………………………...             
79 

3.28 Block diagram instrument connectivity check using GPIB-VISA advanced 

configuration…………………………………………………………………..                                                                                   
80 

3.29 Connector pane and front panel of peak detection and display………………. 80 

3.30 Advanced peak detector connector pane and front panel…………………….. 81 

3.31 Block diagram peak detection and display…………………………………….                       81 

3.32 Block diagram of Advanced Peak Detector connector pane and front panel 

(Built-in Function)……………………………………………………………..                                                         
82 

3.33 FFT Power Spectrum Window…………………………………………...........                                    82 

3.34 Data logging window sub window……………………………………….........                                83 

3.35 Block diagram of the Data Logging Task……………………………………..                     83 

3.36 Schematic window shows recorded data files……………………………........              84 

3.37 Block Diagram to view the data files stored in the system during  real time 

experimental setup… …………………………………………………………                                                                  
85 

3.38 Block diagram of writing real time data received into Excel or LabVIEW 

compatible file for post processing/analysis……………………………...........                                        
85 

3.39 Shows hierarchy of Data Logging Task in detail………………………….......                          86 

3.40 Shows hierarchy of instrument connectivity to data writing to an excel file…. 87 

4.1 Images of video (left), optical (center) and impact (right) disdrometers….......        89 

4.2 Exponential drop size distribution for various rain events………………….....                             92 

4.3 Log normal drop size distribution for various rain events…………………….                    93 

4.4 Gamma drop size distribution for various rain events…………………………                               94 

4.5 Exponential drop size distribution for various rain events with different 

integration periods………………………………………………………............                                                                                  
97 

4.6 Lognormal drop size distribution for various rain events with different 

integration periods………………………………………………………………                                                                                 
97 

4.7 Gamma drop size distribution for various rain events with different integration 

periods…………………………………………………………………………...                                                                                                      
98 



List of   Figures 
 

viii 
 

4.8 Cumulative distribution function of rain fall……………………………………                               99 

4.9 variation of DSD as function of  rain fall and time(a) using exponential 

distribution,(b)gamma, (c )Lognormal distribution……………………………..                                      
100 

4.10 DSD variation as a function of rain fall variation using three distribution 

models (a) Exponential (b) Gamma ( c) Lognormal……………………………                                       
101 

4.11.1 Variation of DSD on seasonal wise using lognormal distribution……………...            102 

4.11.2 Variation of DSD on seasonal wise using Exponential distribution…………….            103 

4.11.3 Variation of DSD on seasonal wise using Exponential distribution…………….            103 

4.12 Electromagnetic scattering geometry…………………………………………...                                                              104 

4.13 Specific attenuation for horizontal and vertical polarization plotted against 

Frequencies from 0 to 55Ghz…………………………………………………...                                                                                
108 

4.14 attenuation variation with rainfall rate for both vertical and horizontal  

polarization………………………………………………………………….......           
109 

5.1 schematic diagram for the atténuation  prediction………………………….                                       116 

5.2 attenuation verses percentage excedance of rain fall rate  for the year 2013…...                                                                                                                                            121 

5.3 Calendar for the rainy days in the year 2013, total rainy days are 83…………..      122 

5.4 attenuation verses percentage excedance of rain fall rate  for the year 2014…...     123 

5.5 Calendar for the rainy days in the year 2014, total rainy days are 95…………..         124 

5.6 attenuation verses percentage excedance of rain fall rate  for two year 2013 & 

2014 ……………………………………………………………………….......                                      
125 

5.7 month wise cumulative distribution plot of rain data in year 

2014,(a)February,July months,(b) August, October months……………………                                                                     
126 

5.8 month wise cumulative distribution plot of rain data in year 

2013(a)July,August, (b)October, September……………………………………                                                                                                  
127 

6.1 Rain fall verses recorded beacon data on 06 july 2014…………………………                              138 

6.2 Rain fall verses recorded beacon data on 09 may 2014…………………………                               139 

6.3 Rain fall verses recorded beacon data on 16
th

 feb 2014………………………...                               140 

6.4 Rain fall verses recorded beacon data on 16
th

 July 2013………………………..                          140 

6.5 Rain fall verses recorded beacon data on 18
th

 July 2013………………………..                           141 



List of   Figures 
 

ix 
 

6.6 Rain fall verses recorded beacon data on 22
nd

  October 2013…………………..                   141 

6.7 Rain fall verses recorded beacon data on 25
th

 October 2013…………………...                     142 

6.8 Attenuation of the beacon signal during the rain event on 25
th

 October…… 143 

6.9 Attenuation of the beacon signal during the rain event on (a):22
nd

 October 

2013,(b):16
th

 February  2014,(c):9
th

 may 2014, (d):6
th

 July 2014………………                  
144 

6.10 power spectral density plot for the beacon signal on 25
th

 October 2013……….. 145 

6.11 power spectral density plot for the beacon signal on (a)22
nd

  October 2013, 

(b)16
th

 Feb ,(c )9
th

 may 2014, (d) 6
th

 July 2014…………………………………                                                   

 

146 

6.12 Attenuation of the beacon signal during the rain event on 16 July 2013……….     147 

6.13 power spectral density of the received signal on the day of  16
th

 July 2013……       148 

6.14 Scintillation amplitude variation of the received signal on 16
th

 July 2013……..                148 

6.15 power spectral  density variations of Scintillation amplitude variation  of the 

beacon signal on 22
nd  

 October 2013……………………………………………        
149 

6.16 Rain attenuation as a function of Antenna Diameter and EIRP value for 

different modulation schemes…………………………………………………...     
151 

6.17 Rain attenuation  verses percentage time exceedance of rain fall in various 

places……………………………………………………………………………. 
152 

6.18 Average month wise rain fall variation in different places for fifteen years……  153 

6.19 Average annual attenuation for different places in India at various frequencies..    154 

6.20 Rain attenuation predictions for the location Vijayawada………………………                          155 

6.21 Rain attenuation predictions for the location Madurai…………………………                                 155 

6.22 Rain attenuation predictions for the location Chennai…………………………..                156 

6.23 Rain attenuation predictions for the location Ahmadabad………………………                 157 

6.24 Rain attenuation predictions for the location Guwahati………………………...                               158 

 



List of Tables 
 

x 
 

 

LIST OF TABLES 

S. No.     Table                                                  Page No 

 

1.1 Radio frequency band allocations as per ITU-R V.431-7 4 

 

1.2 List  of Ku band satellites  for Indian  coverage  6 

 

3.1 Local oscillator frequencies. 53 

 

5.1 List of mathematical models for estimating rain attenuation 

 

112 

5.2 Frequency dependent coefficients for estimating specific attenuation 

between 1 to 400GHz 

114 

5.3 Comparison of attenuation values obtained from various models with 

the measured attenuation values for the year 2013 

122 

5.4 Table 5.4:Comparison of attenuation values obtained from various 

models with the measured attenuation values for the year 2014 

124 

5.5 Comparison of attenuation values obtained from various models with 

the measured attenuation values for two years 2013 and 2014 

125 

 



List  of Symbols 
 

xi 
 

LIST OF SYMBOLS 

 

Symbol                  Description 

Dir Directivity of antenna. 

 

Z  Radar reflectivity 

 

R  Rain rate (mm/hr). 

 

Nv(D) Mean number of rain drops present per unit volume of rain. 

 

No Drop size distribution for D=0 

 

Λ   Slope factor 

 

V (D)  Terminal fall velocity of the rain drop 

 

θ Elevation angle of the earth station 

 

Do  Mean drop diameter 

 

Nw  Normalized gamma intercept parameter. 

 

µ  Distribution  shape parameter. 

 

D  Drop diameter(mm). 

 

β  Thunder storm ratio. 

 

σ  Standard deviation. 

 

λ Wavelength 

 

mn(t)  Movement of the rain drop size distribution 

 

Φ Earth station latitude (degrees) 

 

k   Propagation constant  

 

Ei   Incident electric field 

 

R   Distance from  origin of the observation point 

 

∑Qt    Sum of the total cross sections of all rain drops in a unit volume in the 

space 

 

Qs  Scattering cross section. 



List  of Symbols 
 

xii 
 

 

Qa  Absorption cross section 

   

an, bn   Scattering coefficients of spherical elements. 

 

k  Propagation constant. 

 

eo Unit polarization vector. 

 

Hs  Height of the earth station above the mean sea level (km). 

 

k, α  Parameters for estimation of specific attenuation dependent on     

frequency and polarization 

 

R0.01  0.01% of point rainfall rate(mm/hr)of the average year for the location  

 

hR  Height of the rain. 
 

Γ Specific attenuation (dB/km). 

 

Ls  Slant path length through the rain. 

 

LG Horizontal projection of slant path length Ls. 

 

r0.01     Horizontal reduction factor for 0.01% of time. 

 

v0.01    Vertical adjustment factor for 0.01% of time. 

 

M Average annual accumulation of rain fall (mm). 

 

Mm Highest monthly rain fall observed. 

 

U  Average thunder storm days expected in an average year. 

 

e  Pressure due water vapour. 

 

es   Saturation vapour pressure at the temperature of air . 

 

mv Mass of the water vapour. 

 

md  Mass of dry air. 

 

hc  Height from the cloud base. 

 

w   Liquid water content. 

 

pw(t) Liquid water fraction with respect to temperature. 

 

 



List  of Symbols 
 

xiii 
 

Tve Virtual temperature of environment. 

 

Nwet Wet term of radio refractivity. 

 

Ndry Dry term of refractivity index. 

 

P Pressure of atmosphere. 

 

Tvp Virtual temperature of parcel. 

 
 



List of Abbreviations 
 

xiv 
 

LIST OF ABBREVIATIONS 

 

ULF Ultra High Frequency 

 

VLF Very Low Frequency 

 

LF    Low Frequency 

 

MF Medium Frequency 

 

HF   High Frequency 

 

EHF Extended High Frequency 

 

UHF Ultra High Frequency 

 

SHF     Super High Frequency 

 

VHF  Very High Frequency 

 

BER Bit Error Rate 

 

ITU-R    International Telecommunication Union Recommendation 

 

INSAT Indian National Satellite System 

 

AEHF  Advanced Extremely High Frequency 

 

EIRP Effective Isotropically Radiated power 

 

LNB Low Noise Block 

 

VI Virtual Instrument 

 

GPIB General Purpose Interface Bus 

 

LO Local Oscillator 

 

ODU Out Door Unit   

 

DAQ     Data Acquisition 

 

A/D        Analog To Digital 

 

D/A        Digital To Analog 

 



List of Abbreviations 
 

xv 
 

NI  National Instruments 

 

USB Universal Synchronous Bus 

 

CAPE Convective Available Potential Energy(J/Kg) 

 

IMD Indian Meteorological Department 

 
 


	7
	8
	9
	10

