%*******************************************************************

%   Beverage
%*********************************************************************
%   This program is a MATLAB based program to analyze a long wire antenna. 
%   Antenna types considered are:

%           I.   Single wire in free space;
%          II.  Single wire above PEC ground: Beverage antenna.
%    There are two cases of current distribution considered: 

%    a. Traveling wave antenna

%    b. Resonant wave antenna

%--------------------------------------------------------------------------------------

%    The formulation of the antenna is as follows:

%--------------------------------------------------------------------------------------

%   Current Distribution:
%   a. Traveling Wave: Iz(z')= az Io exp(-jkzz'), [-l/2, l/2];   Equation (10-1a)

%   b. Standing Wave (Resonant):

%                           Io sin[kz(l/2-z')]      [0, +l/2]

%               Iz(z')=                                                                  Equation (4-56)

%                          Io sin[kz(l/2+z')]      [-l/2, 0]

%    Geometry:
% 

%   The coordinate system is as follows:

%

%    Single Wire:

%    a. The z-axis is along the axis of the wire

%    b. The x-y plane is perpendicular to the wire

% 

%    Beverage Antenna: Wire height above PEC is h.
%    a. The z-axis is along the axis of the wire

%    b. The x-y plane is perpendicular to the axis of the wire

%    c. The x-axis is perpendicular to the interface formed by air and PEC

%    d. The y-axis is parallel to the interface formed by air and PEC

%   --------------------------------------------------------------------------------------

%    Formulation:

%  -------------------------------------------------------------------------------------
%   Single Wire:
%   The formulation of this is given in Chapter 10, Section 10.2.1

%

%    Beverage:

%    The formulation of this is that given in Chapter 10, Section 10.2.1 along with

%    an Array Factor based on Image Theory: 

%    AF = 2jsin[kl sin(theta) cos(phi)]     

%    E(total)=E(single wire) x Array Factor= Equation (10-2b) x 2jsin[klsin(theta)
%    cos(phi)]

%

%    Radiated Power Prad:

%    a. Single Wire:

%        Integrate radiation intensity U(theta,phi) over full space 

%    b. Beverage(traveling, resonant): Integrate radiation intensity U(theta,phi) over 
%        half-space above PEC

%

%     Directivity:
%     Do = 4 pi Umax(theta,phi)/Prad

%

%     Radiation Resistance:
%     Rr = 2 Prad/|Io|^2

%

%     Characteristic Impedance Zo:
%     Zo = 60 cosh^-1(h/a); h = height of wire above PEC, a = radius of wire

%

%     ----------------------------------------------------------------------------------   

%     Input Parameters:

%     Length l of the wire (in wavelengths)

%     Radius a of the wire (in wavelengths) 

%     Height h of the wire above the PEC ground (in wavelengths)

%     Phase velocity ratio K = kz/k: Equation (10-3)

%     Options:

%     a. Antenna type:

%         1. Single wire

%         2. Beverage antenna

%     b. Current distribution:

%         1. Traveling wave

%         2. Resonant
% -------------------------------------------------------------------------------------------------- 

%    Limits of Angles Theta and Phi:

%    For Single Wire:

%     a. Theta (in degrees) [0,180]

%         Note: +90 degrees is along XY-plane (perpendicular to the wire)

%     b.  Phi (in degrees) [0, 360] 

%    For Beverage:

%     a. Theta (in degrees) [0,180]

%          Note: +90 degrees is along XY-plane (perpendicular to the wire)

%     b. Phi (in degrees) [-90, 90]

%         Note: 1. Phi = +90 degrees is along +Y-axis (parallel to PEC/air-PEC interface)

%                   2. Phi = 0 degrees is along  X-axis (perpendicular to PEC/air-PEC interface)

%                    3. PHI = -90 degrees is along -Y-axis (parallel to PEC/air-PEC interface)

%     --------------------------------------------------------------------------------------------------  

%     The program calculates the following:
%     a. Characteristic Impedance (only for Beverage)  

%     b. Maximum Directivity (dimensionless and in dB)

%     c. Radiation Resistance

%     d. Amplitude pattern maxima in principal planes for:

%         1. Theta angles (for Phi=0, XZ-plane) 

%         2.  Phi angles (for Theta=90o, XY-plane)

%     e. Amplitude pattern minima in principal planes for:

%        1. Theta angles (for Phi=0, XZ-plane)

%        2.  Phi angle (for Theta=90o, XY-plane)

%     f. Plot normalized amplitude radiation patterns in principal planes for:

%        1. Elevation vs. Theta (for Phi=0,    XZ-plane)

%        2. Azimuth vs. Phi   (for Theta=90o, XY-plane)

%        NOTE: Normalization is done relatively to maximum in the two planes.

%    ---------------------------------------------------------------------------------------

%    There are five additional m-files, m-functions, used by the program:

%  *************************************************************

%    URF.m ~ radiation intensity for resonant case in free space
%    UTF.m ~ radiation intensity for traveling wave in free space
%    UR.m  ~ radiation intensity for resonant wave in the presence of PEC ground
%    UT.m  ~ radiation intensity for traveling wave in the presence of PEC ground
%    polar_dB.m ~ plotting subroutine

%

%*********************************************************************
