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�Disclaimer



THE MATERIAL EMBODIED ON THIS USER MANUAL (AND ACCOMPANYING SOFTWARE)  IS PROVIDED TO YOU "AS-IS" AND WITHOUT WARRANTY OF ANY KIND, EXPRESS, IMPLIED OR OTHERWISE, INCLUDING WITHOUT LIMITATION, ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. IN NO EVENT SHALL THE AUTHORS BE LIABLE TO YOU OR ANYONE ELSE FOR ANY DIRECT, SPECIAL, INCIDENTAL, INDIRECT OR CONSEQUENTIAL DAMAGES OF ANY KIND, OR ANY DAMAGES WHATSOEVER, INCLUDING WITHOUT LIMITATION, LOSS OF PROFIT, LOSS OF USE, SAVINGS OR REVENUE, OR THE CLAIMS OF THIRD PARTIES, WHETHER OR NOT THE AUTHORS HAVE BEEN ADVISED OF THE POSSIBILITY OF SUCH LOSS, HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, ARISING OUT OF OR IN CONNECTION WITH THE POSSESSION, USE OR PERFORMANCE OF THIS USER MANUAL (AND ACCOMPANYING SOFTWARE).



THIS USER MANUAL AND SOFTWARE WAS DEVELOPED BY THE AUTHOR (Dr. LEO C. KEMPEL) WITHOUT EXTERNAL SUPPORT AND ACCORDINGLY THE AUTHOR RETAINS ALL RIGHTS TO THE USER MANUAL AND SOFTWARE.  ALL REQUESTS FOR CORRECTIONS AND ADDITIONS SHOULD BE FORWARDED TO THE AUTHOR (l.kempel@ieee.org or kempel@egr.msu.edu)
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��Introduction

LM_BRICK (also known as Low Memory Brick Code) is made freely available to the community to assist students and professional researchers and engineers in understanding the difficult concepts presented in Chapter 7 of the accompanying text book�.  This chapter deals with the finite element-boundary integral (FE-BI) method as applied to three-dimensional (3-D) analysis problems, with emphasis on antenna modeling.  Readers are encouraged to review the implementation details of the various features presented both in the text and in LM_BRICK.



LM_BRICK has many features discussed in Chapter 7 of the text including:



Boundary integral (BI) mesh closure,

FFT-based BI matrix-vector multiply,

Efficient implementation of the Biconjugate Gradient (BiCG) iterative matrix solver.

Automatic brick mesh generator for cavity-backed patch and slot antennas.

Probe feeds for radiation analysis.

Plane wave incidence for RCS calculations.

Low finite element (FE) matrix storage requirements.



Above all, in writing LM_BRICK, the author has endeavored to maintain clear programming style and extensive documentation.



This user manual is meant to get the user started in exploring the FE-BI method.  As such, it sacrifices some of the potential capabilities of the FE-BI method for ease-of-use.  For example, brick elements are used as opposed to tetrahedral elements so that a simple mesh generator may be used and antenna elements specified with a minimum number of parameters.



The manual first guides the user in loading the program on their computer (the code has been ported to many UNIX architectures as well as MS-DOS).  Then, the user is guided through the creation of a mesh using the built-in brick mesh generator.  Finally, the user is presented with an number of examples (some from the text) that illustrate the analysis capabilities of the code.



Although the author reserves all rights to the computer program, distribution among the electromagnetics community (especially in academia) is encouraged.  In addition, the author requests bug-reports and suggestions for improvements be sent to his e-mail address:  l.kempel@ieee.org.

�Installing LM_BRICK on UNIX Computers

LM_BRICK was developed on a personal computer using the LINUX operating system.  LM_BRICK has been ported to a number of UNIX computers including:  SGI, HP, and DEC manufactured computers.  It has also been run on CRAY and CONVEX supercomputers.  A makefile is included in the distribution with suitable commands for all these architectures.  Below, detailed instructions on loading LM_BRICK are provided.



The LM_BRICK distribution is provided in a “tarred, and gzipped” file:  br{date}.tgz.  For example, a version of the code released on the 15th of April 1998 would be named:  br041598.tgz.  This file was created using the following command:



tar -cvzf br{date}.tgz Version{#}



where the date is the release date and the directory containing the release is identified by a version number (for example, Version1, Version1.1, etc.).  The meaning the parameters passed to tar (e.g. UNIX’s tape archive command) are as follows:



c = create a new archive

v = verbose (e.g. tell the user what is going on during the tarring process)

z = compress the resulting file

f =filename follows the “f”



The installer should therefore reverse the tarring process by placing the br{date}.tgz file in the directory in which LM_BRICK is to be installed (e.g. ~/LM_BRICK) and typing:



tar -xvzf br{date}.tgz



The meaning the new tar parameter is



x = extract from and existing archive (to be named using the “f” parameter).



Upon completion of this command, the machine will now have a subdirectory (under the 

directory in which br{date}.tgz was placed) indicating the version of the release, e.g. ~/LM_BRICK/Version1.  Three subdirectories exist under Version{#}:  



src = Fortran source code, include files, and UNIX makefile.

examples = several example input files to create meshes and run the FE-BI simulator.

output = data created by the author by running the examples including PostScript plots.



Creating executable files for your computer requires two steps:  editing the lm_brick.inc parameter definition file and editing the provided makefile, provided your computer is one of the architectures already listed in the makefile.  If your computer is not listed, you need to determine the correct parameters (e.g. name of Fortran compiler and compiler flags) and then e-mail a revised makefile to the author for inclusion in future releases.



The parameter file, lm_brick.inc, contains all the parameters used to reserve memory for a given simulation run.  These are maximum parameters (such as number of unknowns) and hence the user may wish to configure the lm_brick.inc file for the largest anticipated problems that will fit on the computer.  Below are the parameters that need configured:



nodesXMax = maximum number of nodes in x-direction.

nodesYMax = maximum number of nodes in y-direction.

nodesZMax = maximum number of nodes in z-direction.

cavityMax = maximum number of cavities in grid.

patternMax = maximum number of observation angles for a normalized antenna            pattern (not scattering).

feedMax = maximum number of feeds permitted.

loadMax = maximum number of loads permitted.

fftFactor= order of largest FFT (e.g. 2^(fftFactor)) required.

patchMax = maximum number of patches.

patchNodeMax = maximum number of nodes required to define EACH patch.

maxUnknowns = maximum number of unknowns allowed.

BIMaxUnknowns = maximum number of unknowns on the aperture.



Prior to making the executable file (lm_brick), the user must edit the provided UNIX makefile to correspond to the target computer/operating system.  The following computer architectures are currently supported:



SUN-4

DEC

HP9000/7XX

IBM RS/6000

CRAY (C-90)

CONVEX

SGI

LINUX (Intel or Alpha chip)

KSR



If you are using one of these computers, 



Each time you change lm_brick.inc (e.g. increase the maximum number of unknowns) you must clean out old object files and remake the executable code.  That is, each time you make the code (either the first make or a make after changing lm_brick.inc), type at the UNIX command prompt



make clean  <enter>

make <enter>



The first line removes old object files (*.o) and the old executable file (lm_brick) while the second line builds a new executable (lm_brick).

A Note to MS-DOS Users

The author has compiled and run lm_brick on Intel 486 and Pentium computers using Lahey’s LF90 Fortran compiler.  The source code has been written to be as portable as practical; however, the author cannot guarantee successful compilation with all the various Fortran compilers available today. 

Program Functions

LM_Brick has three functions:  



Create the antenna geometry (e.g. mesh).

Solve for the radiation or scattering properties of that antenna geometry.

Convert the binary geometry file to a human-readable ASCII file.



Each of these functions will be discussed in detail followed by illustrative examples.

Geometry/Mesh Creation (function 1)

Geometries are created for lm_brick using the provided mesh generation capability (a.k.a., the pre-processor).  Since the computer algorithm used by lm_brick exploits the computational advantages of a BiCG-FFT iterative matrix solver, a uniform brick discretization is required.  Hence, the surface geometry is best thought of a a piece of graph paper.  In this, the grid points and edges forming each rectangle are uniformly spaced and the grid point numbering begins in the lower left corner with (1,1) as shown in � REF _Ref418478449 \* MERGEFORMAT �Figure 1�.



�

Figure � SEQ Figure \* ARABIC �1�.  Geometry surface grid.

Throughout the geometry build process, the location of cavities, patches, and slots will be specified by the location of the lower-left corner in grid coordinates.  That is, the user will be prompted, once the main grid is specified, to tell the program where each cavity, patch, or slot is located in the grid by entering the (x,y) or (column,row) coordinates of the lower-left corner.  These coordinates are integers and are not to be confused with the physical location in centimeters.

Single Patch in a Single Cavity

� REF _Ref418479578 \* MERGEFORMAT �Figure 2�  illustrates a typical build file for a cavity-backed patch antenna.



1                       | 1 = make geometry

8.0 6.0              | size of cavity in cm (x,y)

0.0 0.0              | center of cavity in cm on the z=0 plane (x,y)

17 13                | number of grid points gridding the cavity in z=0 plane

1                       | number of cavities

0                       | 0 = cavity aperture NOT covered with metal

0                       | 0 = aperture NOT only substrate nodes (e.g. patch or slot)

0                       | 0 = patch present

1                       | number of patches

5 4                    | lower left corner of patch in grid coordinates

8 6                    | patch dimension in number of edges (x,y)

1                       | number of layers (in z-direction)

1                       | 1 = all layers identical thickness

0.1                    | thickness of layer in cm

0                       | 0 = NO interior metal blocks (used to model recessed patch)

1                       | 1 = save this geometry

pat0_5.geo        | binary geometry filename

0                       | 0 = quit LM_Brick

Figure � SEQ Figure \* ARABIC �2�.  Example geometry build file (fig7_11a.mak).

This example is provided on the distribution disk in the examples sub-directory as fig7_11a.mak.  The first question after invoking lm_brick is to choose the geometry build function.  The next line specifies the dimensions of the surface grid in centimeters.  This is not necessarily the aperture (though it could be).  For example, the user might specify a large grid and have several cavity backed geometries within the grid.  An example of this approach will be shown later.  The third line specifies the location of the grid center in centimeters.  It need not be (0,0), though this is often a practical choice.  This feature permits the precise physical layout of an antenna to be imposed on the grid.  For example, suppose the number of grid points in any direction is even.  Since a patch need be specified in terms of an integer number of edges in that direction, the center of the patch will not correspond the center of the grid.  However, by offsetting the center of the grid by a half cell length, the patch will once again be in the center of the grid.  That is, if the number of grid points in the x-direction is 12, then the number of edges in that direction is 11 and the length of the grid is 11 cm, the discretization is 1 cm.  A patch will always be at least 0.5 cm off the center since the center of the grid does not correspond with a grid point.



Hint:  Try to always specify an odd number of grid points in each direction so the center grid point corresponds to the physical center of the grid.  Also, often patch or cavity dimensions can be slightly modified (less that � EMBED Equation.2  ���) so that the patch and cavity dimensions can be conveniently fit to a grid.



The fourth line is the number of grid points (see � REF _Ref418478449 \* MERGEFORMAT �Figure 1�).  Note that the number of edges in either direction correspond to one less than the number of grid points in that direction.  That is, if � EMBED Equation.2  ��� and � EMBED Equation.2  ��� are the number of grid points in the x- and y-directions, respectively, then the number of edges in each direction is � EMBED Equation.2  ��� and � EMBED Equation.2  ���, respectively.  The fifth line is the number of cavities within the grid boundaries.  The sixth line indicated whether the aperture is covered by metal (the resistive card feature is not implemented yet).  This option is useful if you want to compute the fields within a closed cavity using a Hertzian current source (e.g. a filimentary constant impressed current).  The seventh line indicated whether the aperture is empty (not patch or metal).  This option is useful if you are investigating scattering or radiation by cavities recessed in a ground plane.



The eighth line indicated whether patches (=0) or slots (=1) are present in the aperture.  Note that either a patch or slot geometry can be constructed with either option (e.g. a patch is just a set of four slots); however, the choice is given to simplify the modeling process.  The ninth line indicates the number of patches.  The tenth line indicates the grid coordinates of the lower left-hand corner of the patch.  The eleventh line indicated the size of the patch in edges.  � REF _Ref418488699 \* MERGEFORMAT �Figure 3� illustrates the location of the patch.



�

Figure � SEQ Figure \* ARABIC �3�.  Illustration of the patch corresponding to � REF _Ref418479578 \* MERGEFORMAT �Figure 2�.

The twelfth line is the number of layers (z-direction) under the patch and aperture.  This number is arbitrary (but limited by the allocated space in lm_brick.inc).  The next line indicates that each layer is the same thickness.  There is no restriction on the thickness; however, if all layers are the same thickness, this option simplifies the geometry specification process.  The following line is the layer thickness in centimeters.  The next line indicates whether an interior metal block is present.  If chosen, this option can be used to specify a three dimensional rectangular block within the cavity, or a infinitesimally thin plate.  Hence, this option is used to form an odd-shaped cavity or to model a recessed patch or slot.  The remaining questions have to do with saving the resulting binary file.



A word of caution, the example presented above is representative but not exhaustive.  The program prompts for information as needed.  For example, if more than one cavity is specified, the program asks for the lower left-hand corner for each cavity.  If only one cavity is specified, the program assumes the corner of the cavity is the corner of the grid and hence there is no need for the user to specify that information.  Also, if more than one patch is present, the program prompts for the lower-left corner in grid coordinates and the size of the patch in edges.  Patches may overlap.



Screen output is generated through out the geometry construction; however, most of it is informative but not particularly important.  However one set of out put useful:  the nodes of the patch or slot in centimeters.  This output permits the user to confirm proper placement of the patch or slot.  Note that the nodes of the patch are displayed and the nodes of the slot aperture.  In the case of a slot, the user is cautioned that these nodes are two cell widths in either direction smaller than the slot. 

Multiple Patches in a Single Cavity

Another geometry of interest, since one of the strengths of the BRICK finite element method is its ability to analyze the performance of finite antenna arrays, is a single cavity with multiple patches such as the one shown in � REF _Ref420039360 \* MERGEFORMAT �Figure 4�.



�

Figure � SEQ Figure \* ARABIC �4�,  Illustration of a cavity with four patch antennas.

To specify this antenna, the user should use the following instructions:



1                       | 1 = make geometry

8.0 6.0              | size of cavity in cm (x,y)

0.0 0.0              | center of cavity in cm on the z=0 plane (x,y)

17 13                | number of grid points gridding the cavity in z=0 plane

1                       | number of cavities

0                       | 0 = cavity aperture NOT covered with metal

0                       | 0 = aperture NOT only substrate nodes (e.g. patch or slot)

0                       | 0 = patch present

4                       | number of patches

3 3                    | lower left corner of patch in grid coordinates

4 3                    | patch dimension in number of edges (x,y)

11 3                  | lower left corner of patch in grid coordinates

4 3                    | patch dimension in number of edges (x,y)

11 8                  | lower left corner of patch in grid coordinates

4 3                    | patch dimension in number of edges (x,y)

3 8                    | lower left corner of patch in grid coordinates

4 3                    | patch dimension in number of edges (x,y)

1                       | number of layers (in z-direction)

1                       | 1 = all layers identical thickness

0.1                    | thickness of layer in cm

0                       | 0 = NO interior metal blocks (used to model recessed patch)

1                       | 1 = save this geometry

pat41cav.geo   | binary geometry filename

0                       | 0 = quit LM_Brick

Figure � SEQ Figure \* ARABIC �5�.  Instructions for creating the four patch array shown in � REF _Ref420039360 \* MERGEFORMAT �Figure 4�.

Multiple Patches in Multiple Cavities

One technique, to limit interaction between conformal antenna elements, is to place each antenna in a separate cavity (or “can”).  This geometry will eliminate interactions that propagate within the substrate and hence reduce cross-talk between antenna elements.  LM_BRICK is designed to model such geometries with relative ease.  � REF _Ref420122334 \* MERGEFORMAT �Figure 6� illustrates a geometry with four antennas placed in four separate cavities.  Note that in this figure, each cavity boundary is denoted by a heavy dark line while the patches are in the center of each cavity.



�

Figure � SEQ Figure \* ARABIC �6�.  Geometry with four patches in four separate cavities.

The input file instructions to create this geometry are given below:



1                       | 1 = make geometry

8.0 6.0              | size of cavity in cm (x,y)

0.0 0.0              | center of cavity in cm on the z=0 plane (x,y)

17 13                | number of grid points gridding the cavity in z=0 plane

4                       | number of cavities

7 5                    | Number of nodes in cavity #1 (x,y)

2 2                    | Lower left corner of cavity #1

7 5                    | Number of nodes in cavity #2 (x,y)

10 2                  | Lower left corner of cavity #2

7 5                    | Number of nodes in cavity #3 (x,y)

10 8                  | Lower left corner of cavity #3

7 5                    | Number of nodes in cavity #4 (x,y)

2 8                    | Lower left corner of cavity #4

0                       | 0 = cavity aperture NOT covered with metal

0                       | 0 = aperture NOT only substrate nodes (e.g. patch or slot)

0                       | 0 = patch present

4                       | number of patches

3 3                    | lower left corner of patch in grid coordinates

4 2                    | patch dimension in number of edges (x,y)

11 3                  | lower left corner of patch in grid coordinates

4 2                    | patch dimension in number of edges (x,y)

11 9                  | lower left corner of patch in grid coordinates

4 2                    | patch dimension in number of edges (x,y)

3 9                    | lower left corner of patch in grid coordinates

4 2                    | patch dimension in number of edges (x,y)

1                       | number of layers (in z-direction)

1                       | 1 = all layers identical thickness

0.1                    | thickness of layer in cm

0                       | 0 = NO interior metal blocks (used to model recessed patch)

1                       | 1 = save this geometry

pat44cav.geo    | binary geometry filename

0                       | 0 = quit LM_Brick

Figure � SEQ Figure \* ARABIC �7�.  Geometry input file for four patches in four cavities. 

Running the FE-BI Solver (Function 2)

The FE-BI solver has three modes of operation:  Backscatter scattering, bistatic scattering, and radiation calculations.  Examples of all three of these operational modes are presented below.  Further examples are available in the examples subdirectory of the code distribution.

Backscatter

The first mode of operation is backscatter calculations (e.g. the scattering situation where the transmit and receive antennas are co-located).  � REF _Ref420831509 \* MERGEFORMAT �Figure 8� illustrates the commands necessary to duplicate one curve in Fig. 7.12 of the text.



2                               | 2 = run FE-BI solver

pat0_5.geo               | binary filename created using fig7_11(a-c).mak

1                               | material filling is homogeneous

2.0 0.0                      | complex permittivity (real,imag)

1.0 0.0                      | complex permeability (real,imag)

0.01 2 5000              | tolerance objective, min. and max. iterations

0                               | 0 = do NOT monitor BiCG convergence

1                               | 1 = automatic guess to initialize the solver

0                               | 0 = backscatter

0.0 0.0 1.0                | start, stop, increment phi angles (deg)

0.0 0.0 1.0                | start, stop, increment theta angles (deg)

0                               | 0 = Etheta .NE. 0, Ephi = 0

fig7_12a.rcs             | filename for RCS output data (dBsm)

3.0 5.0 0.01              | start, stop, increment freq. in GHz

0                               | 0 = do NOT save the interior fields

0                               | 0 = do NOT run another excitation

0                               | 0 = quit LM_Brick

Figure � SEQ Figure \* ARABIC �8�.  Backscatter command file example (fig7_12.run).

The in-line comments provided with the commands are self-explanatory.  The only line that may require further discussion is the line after the specification of the theta angles (e.g. line 11).  This line specifies the electric field polarization angle for the incident plane wave.  This entry is given as follows:



If � EMBED Equation.2  ��� then enter 00.0

If � EMBED Equation.2  ��� then enter 90.0

Hence, this line indicates the polarization of the incident field.  Fig. 7.12 from the text is reproduced here as using the command script fig7_12.run with suitable changes to create all three curves (e.g. changing the second line to use the correct geometry file, creates using fig7_11(a-c).mak).



�

Figure � SEQ Figure \* ARABIC �9�.  Reproduction of Fig. 7.12 from the text.

An example of the far-field output file is given in � REF _Ref422021119 \* MERGEFORMAT �Figure 10�.



     3.000     .0     .0     .0     .0     .0    -118.52  -24.20 -118.52  -24.20 -800.00

     3.010     .0     .0     .0     .0     .0    -125.34  -23.81 -125.34  -23.81 -800.00

     3.020     .0     .0     .0     .0     .0    -132.24  -23.40 -132.24  -23.40 -800.00

     3.030     .0     .0     .0     .0     .0    -115.73  -22.98 -115.73  -22.98 -800.00

     3.040     .0     .0     .0     .0     .0    -127.61  -22.52 -127.61  -22.52 -800.00

     3.050     .0     .0     .0     .0     .0    -114.70  -22.03 -114.70  -22.03 -800.00

Figure � SEQ Figure \* ARABIC �10�.  Example RCS output file.

The columns have the following meanings:



Frequency [GHz].

Polarization angle (0 or 90 typically) [deg].

Incident theta angle [deg].

Incident phi angle [deg]

Receive theta angle [deg].

Receive phi angle [deg].

RCS � EMBED Equation.2  ��� [dBsm].

RCS � EMBED Equation.2  ��� [dBsm].

RCS � EMBED Equation.2  ��� [dBsm].

RCS � EMBED Equation.2  ��� [dBsm].

RCS � EMBED Equation.2  ��� [dBsm].

Bistatic

An example of a bistatic calculation (e.g. where the transmit and receive antenna are not co-located) is given in � REF _Ref420832336 \* MERGEFORMAT �Figure 11�.



2                               | 2 = run FE-BI solver

pat0_5.geo               | binary filename created using fig7_11(a-c).mak

1                               | material filling is homogeneous

2.0 0.0                      | complex permittivity (real,imag)

1.0 0.0                      | complex permeability (real,imag)

0.01 2 5000              | tolerance objective, min. and max. iterations

0                               | 0 = do NOT monitor BiCG convergence

1                               | 1 = automatic guess to initialize the solver

1                               | 1 = bistatic

0.0 0.0                      | incident theta and phi (in deg)

0.0 0.0 1.0                | start, stop, increment phi angles (deg)

0.0 0.0 1.0                | start, stop, increment theta angles (deg)

0                               | 0 = Etheta .NE. 0, Ephi = 0

bistat.rcs                   | filename for RCS output data (dBsm)

3.0 5.0 0.01              | start, stop, increment freq. in GHz

0                               | 0 = do NOT save the interior fields

0                               | 0 = do NOT run another excitation

0                               | 0 = quit LM_Brick

Figure � SEQ Figure \* ARABIC �11�.  Example command file for bistatic scattering.

This file is similar to the backscatter case (e.g. you need to specify a polarization angle).  However, in addition, the user must after selecting bistatic mode, specify an incident field direction in degrees (this is line 9 in � REF _Ref420832336 \* MERGEFORMAT �Figure 11�).  A theta angle of zero is looking directly down the z-axis (hence, this is a “normal” spherical coordinate system where theta measures the angle from the positive z-axis to the x-y plane and phi measures the angle from the positive x-axis).

Radiation

The final mode of operation is radiation calculations (both input impedance and gain).  Input specifications are somewhat different for radiation calculations as shown in � REF _Ref421939188 \* MERGEFORMAT �Figure 12�.



2                               | 2 = run FE solver

pat0_5.geo               | binary geometry filename

1                               | 1 = homogeneous

4.0 0.0                      | complex permitivity

1.0 0.0                      | complex permeability

.01 2 1000                | desired tolerance, min and max iterations

0                               | 0 = do NOT monitior iterative solver

1                               | 1 = automatic guess to initialize the solver

2                               | 2 = radiation calculation

0.0 0.0 1.0                | start,stop, and incr. azimuth (phi)          

0.0 0.0 1.0                | start,stop, and incr. elevation (theta)

onepatch.pat             | gain pattern filename

onepatch.nrm           | normalized pattern filename

onepatch.zin             | input impedance filename

1.0 5.0 0.025            | start,stop, and incr. freq. in GHz

1                               | number of feeds

3                               | direction of feed

0.0 -0.5                    | location of feed in cm (x,y) for feed  1

1                               | layer number of feed

1.0 0.0                      | mag. (A) and phase (deg) of excitation   

0                               | 0 = do NOT save interior fields          

0                               | 0 = do NOT run another excitation

0                               | 0 = EXIT LM_Brick

Figure � SEQ Figure \* ARABIC �12�.  Example run file for radiation analysis.

The only information not previously covered is the specification of an probe feed.  This is done in the five lines following the specification of the frequency range.  In this, the number of feeds is specified, the orientation (1=x, 2=y, and 3=z), location (in centimeters and the location is arbitrary within the cavity�), and the  magnitude and phase of the current flowing through the probe (in Amperes).



The far-field pattern output file for this run is shown in � REF _Ref421939648 \* MERGEFORMAT �Figure 13�.



      1.000     .0     .0     .0     .0     .0     -79.57   -2.64  -79.57   -2.64  -758.14

     1.025     .0     .0     .0     .0     .0     -73.59   -2.18  -73.59   -2.18  -758.27

     1.050     .0     .0     .0     .0     .0     -87.36   -1.89  -87.36   -1.89  -758.53

     1.075     .0     .0     .0     .0     .0     -90.80   -1.61  -90.80   -1.61  -758.79

     1.100     .0     .0     .0     .0     .0     -83.99   -1.38  -83.99   -1.38  -759.11

     1.125     .0     .0     .0     .0     .0     -92.68   -1.05  -92.68   -1.05  -759.31

     1.150     .0     .0     .0     .0     .0    -100.40    -.77 -100.40    -.77  -759.57

    1.175     .0     .0     .0     .0     .0     -86.19    -.50  -86.19    -.50  -759.83

    1.200     .0     .0     .0     .0     .0     -97.73    -.24  -97.73    -.24  -760.09

Figure � SEQ Figure \* ARABIC �13�.  Example far-field output file.

In this, the meaning of each column is as follows�:



Frequency (GHz).

Not meaningful.

Not meaningful.

Not meaningful.

Receive angle, Theta (deg).

Receive angle, Phi (deg).

Theta component of the electric field (dB).

Phi component of the electric field (dB).

X component of the electric field (dB).

Y component of the electric field (dB).

Z component of the electric field (dB).



An example input impedance file is given in � REF _Ref422021458 \* MERGEFORMAT �Figure 14�.



  1.000       .00       .88     1

   1.025       .00      1.06     1

   1.050       .00      1.24     1

   1.075       .00      1.42     1

   1.100       .00      1.59     1

   1.125       .00      1.77     1

   1.150       .00      1.94     1

   1.175       .00      2.11     1

   1.200       .00      2.27     1

Figure � SEQ Figure \* ARABIC �14�.  Example input impedance output file.

In this, the first column is the frequency in GHz, the second column is the resistance at the probe, the third column is the reactance at the probe (both in Ohms), and the fourth column is the probe number.

Converting Binary to ASCII Geometry Files (Function 3)

This function is rather self-explanatory.  The user is asked to specify the name of the input binary file (e.g. a .geo file) and the name of an output file (e.g. a .ascii file).  The result is a file that is human readable (the .ascii file) and a lot bigger than the original binary file.  In the ASCII file, the user will fine the number elements, edges, nodes, etc.  Also, the location of each node, the edges (nodes comprising it, orientation, etc.) and the edges comprising each element.  This file is mainly used for geometry debugging purposes.

 

� J.L. Volakis, A. Chatterjee, and L.C. Kempel, Finite Element Method for Electromagnetics, IEEE Press, 1998.

� Note:  For x- or y-directed probes, the user will be asked for the location of the probe by specifying the center of the probe in x,y,z coordinates.  For probes lying in the aperture (e.g. z=0), the user should specify a z position slightly below the aperture (e.g. z = -0.0001).  This helps the program locate the bricks containing the feed.

� Note:  In version 1.1, an error in computing the power gain was fixed (I think).  However, as always, there are not gaurentees that it is correct, yet!
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