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Chapter 1

INTRODUCTION

. A new user, upon receipt of the TSAR EM modeling system, may be overwhelmed by the
number of software packages to learn and the number of manuals associated with those
packages. This is a document to describe the creation of a simple TSAR model,

" beginning with an MGED solid and continuing the process through final results from
TSAR. It is not intended to be a complete description of all the parts of the TSAR
package. Rather, it is intended simply to touch on all the steps in the modeling process
and to take a new user through the system from start to finish.

There are six basic parts to the TSAR package. The first, MGED, is part of the BRL-
CAD package and is used to create a solid model. The second part, ANASTASIA, is the
program used to sample the solid model and create a finite--difference mesh. The third
program, IMAGE, lets the user view the mesh itself and verify its accuracy. If everything
about the mesh is correct, the process continues to the fourth step, SETUP_TSAR, which
creates the parameter files for compiling TSAR and the input file for running a particular
simulation. The fifth step is actually running TSAR, the field modeling program.
Finally, the output from TSAR is placed into SIG, B2RAS or another program for post-
processing and plotting. Each of these steps will be described below.

The best way to learn to use the TSAR software is to actually create and run a simple test
problem. As an example of how to use the TSAR package, let's create a sphere with a
rectangular internal cavity, with conical and cylindrical penetrations connecting the
outside to the inside, and find the electric field inside the cavity when the object is
exposed to a Gaussian plane wave. We will begin with the solid modeling software,

• MGED, a part of the BRL-CAD modeling release.



Chal)ter 2

CREATIN(; A SOI,I I) MOI)I_[,

if the BRI, package has been installed properly, (installation instructions are included
with the I_RI,-('AI) software), one begins by typing:

mlaed hollow sl)here.la,

where hollow_sphere.g is the filcname chosen for the MGEI) dalabase. Below is a,_
exalnple MGED session, with responses to prompts in bold face.

BRL-CAD Release 4.0 Graphics Editor (MGED)
Wed Nov 13 15:58:13 PST 1991, Compilation ll
laguna @wichita.llnl.gov:/public 1/BRL4.0/B RI_,4.0/.raged.ibm

hollow_sphere.g: A file or directory in the path name does not exist.
Create new database (yln) [n]? y
attach (nultekltek41091pslplotlsgilX) [nul? sgi

(Choose the appropriate device driver for your workstation.)

ATTACHING sgi (SGI 4d)
Llntitled MGED Database (units=nam)

Begin by building a sphere with a one meter radius, located at the origin. Units are in
, millimeters, althougt_ they could be in meters, centimeters, feet or inches. The command
i to chaege the default traits is units ab, where ab is ram, cm, m, in or ft. We will name

the primitive sphere.s. The naming convention calls tot" solids to end with a .s extension
and regions, (to be introduced later), with an .r extension, for easy identification.

raged> in sphere.s sph
Enter X, Y, Z of vertex: 0 0 0
Enter radius: 1000
51 vectors in 0 sec

Now enter a rectangular solid inside the sphere.
d

raged> in box l.s arb8
Enter X, Y, Z for point 1:-350 -150 400
Enter X, Y, Z for point 2:350 151) -4111)
Enter X, Y, Z for point 3:350 350 -400
Enter X, Y, Z for point 4:-350 350 -400
Enter X, Y, Z for point 5:-350 -150 200
Enter X, Y, Z for point 6:350 -150 201)
Enter X, Y, Z for point 7: 351) 351) 201)
Enter X, Y, Z for point 8: .35t) 350 200
16 vectors in 0 sec

The arb8 command is for an eight-sided solid of arbitrary shape. An easier method for
a rectangular solid is the box command. Another possibility would be to enter a simple
box of arbitrary size using the make command, then adjust the box using the solid editor.



raged> in box2.s box
Enter X, Y, Z of vertex: -740 -530 -640
Enter X, Y, Z ot' vector tt: 0 0 1240
Enter X, Y, Z of vector W: 0 1030 0
Enter X, Y, Z of vector D: 1440 0 0
16 vectors in 0 sec

Now enter a cylinder at an angle to the box.

mged> in cyl l.s ree
Enter X, Y, Z of vertex: 0 -515 -1060
Enter X, Y, Z of height (H) vector: 0 1160 2000
Enter radius: 100
42 vectors in 0 sec

Finally, enter an elliptical cone through the sphere and box.

raged> in conel.s tgc
Enter X, Y, Z of vertex: -1300 102 -93
Enter X, Y, Z of height (H) vector: 2600 0 0
Enter X, Y, Z of vector A: 0 230 0
Enter X, Y, Z of vector B: 0 0 128
Enter scalar c: 132.5
Enter scalar d: 69.5
42 vectors in 1 sec

Use the command tops to look at what objects exist at the top level.

mged> tops

box l.s conel.s sphere.s
box2.s cyl 1.s

Currently there are five primitive solids, two of which are boxes, and all are located in
the same spatial region. (As noted earlier, the .s extension signifies a solid). To get rid of
one box, use the kill command. We will eliminate the smaller box so that more of the
sphere will be hollow. This will mean fewer nodes to be displayed when we look at the
mesh.

mged> kill boxl.s

Now the relationship between the solids must be defined by creating a region. This
consists of a name for the region and the boolean operations that must be performed
between solids to create the region. MGED allows no explicit grouping of Boolean
operators nor is there an operator precedence. Instead, there is an implicit grouping of
operations between union operators. See appendix B of the Anastasia manual for further
details.

MGED allows unions (u), subtractions (-), and intersections (+) to be performed. In
this case, one would simply subtract the box, cone and cylinder from the sphere to obtain
the hollow sphere with penetrations. We will call this region carved_sphere.r.

mged> r carved_sphere.r u sphere,s - box2.s - conel.s - cyll.s
Defaulting item number to 1001



Crcatiilg rcgi()n id= l()()(),air=0, los= i0(), (;ll:TInalcrial= i

To make things more interesting, let's also create a simple solid that .just consists of
the cylinder. This will allow us to assign a dilTcrcnI diolcclric conslant to this region.

raged> r cylinder.r u cyl I.s
DetSulting item number to 1002
Creating region id= 1001, air=0, los= 100, GlFT'material- 1

It is very useful in MGED to be able to display regions using different colors. A
default color table can be created, then regions can be assigned item numbers to
correspond to certain colors. We will create a simple two-color table and assign one
color to each of our regions. Each line of the color table contains the lowest and highest
item numbers for each color, then the red, green and blue values for that color, then
finally a short descriptive string for each color.

mged> color 100 125 0 255 0 green
mged> color 126 150 255 0 0 red

Now assign each of our regions to a particular color using the item command.

raged> item carved_sphere.r 105
raged> item cylinder.r 130

Clearing the display with the Z command, then displaying the regions should reflect
the changes made to the colors.

raged> Z
raged> E carved_sphere.r cylinder.r

One final step must be done in MGED before proceeding to build a mesh. We need
to assign a finite-difference material to each of the regions. Later we will assign
constituitive parameters to each of these materials. The finite-difference materials are
entered after the Parameter String prompt, and have the form fd_mat=num, where hum is
number between 1 and 16. The Material prompt is asking for a material definition for the
ray tracer, and seems to recognize plastic, mirror and glass. The color prompt allows rgb
values to be entered, and the color will show up in any ray traces done with this database.

We generally reserve finite-difference material number 1 for the background material,
which by default is free space. You might want to follow the same practice and only
change the background material parameters if the object sits in a material other than
vacuum. (Use care if the background material is changed. The velocity of propagation
and the boundary conditions are only two things that might need to be changed). Use
numbers 2 through 16 for the model's materials.

mged> mater carved_sphere.r
Material =
Material? ('del' to delete, CR to skip) plastic
Param =
Parameter string? ('del' to delete, CR to skip) fd_mat=8
Color = (No color specified)
Color R G B (0..255).9 ('del' to delete, CR to skip) 0 255 0
Inherit = 0: lower nodes (towards leaves) override
Inheritance (011)? (CR to skip) [CR]



_ngcd>
raged> mater cylinder.r
Material =
Matcrial? ('dcl' to delcte, CR to skip) plastic
Paranl =

Parameter string? ('del' to delete, CR to skip) fd mat=3
Colo,'= (No color specified)
Color R G B (0..255)? ('del' to delete, CR to skip) 255 0 0
Inherit = 0: lower nodes (towards leaves) override
Inheritance (17)11)'?(CR to skip)[CR]

At this point, if we are satisfied by the way the solid model looks, we can leave mged.
Before we do, though, we ,night want to use the saveview command to create a file which
will raytrace the object.

To use the saveview command, first display the model on the screen exactly as you
would like it to appear in the raytrace. You can use the slide,'s to rotate the model to the
desired position, or use the vrot command. Once you have the model in the position you
would like, type:

saveview filename -s m -C#/#/#

This will create an executable named 'filename' which can be run to generate a ray-
traced view of the object. The argument -sm will produce a picture m pixels by m
pixels. The argument -C#/#/# will set the background color to the RGB value #/#/#,
where each # is a number in the range of 0 to 255. For example, entering:

saveview picturel -s 256 -C 140/190/140

would create an executable file picture l. Leave MGED by typing 'q' after the prompt:

raged> q

To produce a ray-traced view of the solid model, simply type the name of the saveview
file. Since ray-tracing may take a very long time, it is best to lower the priority with the
nice command and run it in the background:

nice picturel &

This command will produce a ray-traced picture, picture l.pix, which will have a
resolution of 256 pixels by 256 pixels and a pale green background.

To display the picture, first convert to ras format with the command:

pix2ras -s 256 picturel.pix picture l.ras

then display the picture created by typing:

xtras picturel.ras.

To close the display, place the pointer inside the display window and type q for quit.



Chapter 3

MAKING A FINITE DIFFERENCE MESH

Once we have left MGED, the next step is to use ANA to create a finite difference
mesh, based on the solid model just created. To do this, type:
ana hollow_sphere.g

Anastasia offers the choice of either a graphical button menu for command entry, or
keyboard entry using the teletype mode. The following is a session using teletype mode.
in graphical mode, mouse clicks would be used for selecting, and keyboard entry would
only occur when prompted lbr specific input.

Select Display Type ( graphics I tty ) try

Anastasia Version 1.13 -- April 1992

REGIONS IN hollow_sphere.g

cylinder.r carved sphere.r cr

SELECT AND GROUP REGIONS TO BE MESHED

Each region of the solid model that is to be meshed must be ,assigned to a group. Each
group has its own set of mesh parameters and is meshed separately. After a group is
meshed, that mesh will be merged with the mesh(es) of previous groups. Group 1 has
been created for you.

Regions are added to groups by using the commands below.

a --- add or delete regions for group [1]
c --- create new group
g --- list all group assignments
r--- list all regions
s --- select alternative group
x --- accept group assignments

Enter command: a

ADD REGIONS TO GROUP NUMBER [1]

Enter names of regions to be added, one region per line. Regular expressions are
acceptable. Terminate with a '.' on a line by itself.

For this simple model, add all the regions to one group. More complicated models
may require more than one group.

cylinder.r
adding [cylinder.r]
carved_sphere.r
adding [carved_sphere.r]



GR() /1P I
cyli ndcr. r carved_s phcre.r

a - add or delele regions lbr group I11
c - create new group
g - list all group assignments
r- list all regions
s - select alternative group
x - accept group ass_glamCnts

Enter command: x

Accept the group assignments and move to the next step, selecting parameters I'or this
particular mesh.

GROUP 1

cylinder,r carvcd_sphere.r

EXTENT OF BOUNDING RPP IN MILLIMETERS

MIN MAX
X - 1000.O0 1000.00
Y -1000.00 1000.00
Z -1I 10.17 i000.00

Bounding RPP ..........................
X MIN = [-1000.0000] X MAX = [ 1000.0000]
Y MIN = [-1000,0000] Y MAX = [ 1000.0000]
Z MIN = [-1110.1718] Z MAX = [ 1000.0000]

SET MESH PARAMETERS
a - Select Grid Alignment [0.00][0.00][0.00]
b - Select Number of Boundary Pad Cells [0]
c - Set Cell Size [0.00]
d - Set Ray Distribution [REGULAR]
e - Set Extent of Bounding RPP
f- Select Output Fields [ELECTRIC]
j- Job to be run in [FOREGROUND]
m - Select Mesh Format [CELL_ASC]
n - Select Mesh File Name [hollow__phere]
p - Generate Full or Partial Mesh [FULL_IdESH]
r- Set Max Rays Per Cell [411411411
s - Cast Rays on Solid Centers [OFF]
x - Accept Mesh Parameters

Enter Command: b



SI_LECT TIlE NI._MBER ()I' I]()I_INDARY PAl)CEI,I ,S

Determines the number of clnply cells thai arc to be added to the boundaries of the
model.

We need to surround the model with some free space cells, no that the radiation
boundary conditions and near/far-field interface operate correctly. Standard practice is to
allow 8 cells from the problem space boundary to the model. More may be necessary to
avoid reflections from the corners of the problem space.

Enter integer number of pad cells: 8

Number of pad cells net to I81

Bounding RPP
X MIN = [-1000.0000] X MAX = [ 1000.00001
Y MIN = [-1000.00001 Y MAX - [ 1000,0000]
Z MIN -- [-1110.1718] Z MAX = [ I000.00001

SET MESH PARAMETERS
a---Select Grid Alignment [0.o011o.oollo.ool
b .... Select Number of Boundary Pad Cells [8]
c --- Set Cell Size [ 0,001
d --- Set Ray Distribution [REGULAR]
e --- Set Extent of Bounding RPP
f--- Select Output Fields [ELECTRIC]
j --- Job to be run in FOREGROUND]
m --- Select Mesh Format [CELL_ASCI
n --- Select Mesh File Name [hollow_sphere]
p---Generate Full or Partial Mesh FULL_MESH1
r --- Set Max Rays Per Cell [4][4][4]
s --- Cast Rays on Solid Centers [OFF]
x --- Accept Mesh Parameters

Enter Command: e

SET GRID CELL SIZE

Select cell size for the mesh in millimeters

Set the cell size based on the highest frequency of interest. 10 cells per wavelength is
the standard value.

Enter Cell Size [mm] : 50

Cell size set to [50.00] mm

Bounding RPP
X MIN = [- 1000.0000] X MAX = [ I000.0000]
Y MIN = [- 1000.0000] Y MAX = [ 1000.0000]
Z MIN = [-1110.17181 Z MAX = [ 1000.00001



SET MI_Sll I'AI_,AMli'I'I:'_RS

a --- Select Number of l]ountlary Pad ('ells I ).lll)llO.0011o.001
b--- Selccl Ntlmt,cr of 13ot,ndary Pad ()'ells IS]
c --- Sel Cell Size [50.0_)]
d--- Set Ray Dislribulion [REGIJI_AR]
e --- Set Extent of Bounding la,PP
f--- Select ()utpllt Fields [ELECTRIC]
j --- Job Io be rti,| ill [F()REGROUND]
m--- Select Mesh l;ormal [CEI_,I,_ASC]
n --- Select Mesll File Nalne lhollow_sptaere]
p---Generate F_.lilor Partial Mesh IFULL_MESH]
r--- Set Max Rays Per Cell 14114114]
s --- Cast Rays on Solid Centers [OFF]
x --- Accept Mesh Parameters

Change the ray distribution from regular to random. This isn't really necessary, it is .just
. included as an example of a parameter that can be toggled between values.

Enter Command: d

Bounding RPP ..........
X MIN = [-1000.0000l X MAX = [ 1000.00001
Y MIN = [-I000.0000] Y MAX = [ 1000.0000]
Z MIN - [- l 110. 1718] Z MAX = [ 1000.0000]

SET MESH PARAMETERS

a --- Select Grid Alignment [0.00] [0.00] [0.00]
b --- Select Number of Boundary PadCells [8]
c --- Set Cell Size [ 0.00]
d .... Set Ray Distribution [RANDOM]
e --- Set Extent of Bounding RPP
f--- Select Output Fields [ELECTRIC]
j --- Job to be run in [FOREGROUND]
m --- Select Mesh Forrnat CELL_ASC]
n --- Select Mesh File Name [hollow_sphere]
p --- Generate Full or Partial Mesh [FULL_MESH]
r--- Set Max Rays Per Cell [4][41][4]
s --- Cast Rays on Solid Centers [OFF]
x --- Accept Mesh Parameters

Enter Command: n

Shorten the output file name, as ANA will append 6 characters to the specified name.

SELECT A BASE FILE NAME FOR THE GENERATED MESHES

Enter a name lbr the output mesh file: sphere



Bounding RPP ......
X MIN = [-I0()().0000] X MAX = [ 1000.0000]
Y MIN = 1-1000.0000] Y MAX = [ 1000.00001
Z M 1N = [- ! I 10.1718 ] Z M AX = [ 1000.0000[

SET MESH PARAMETERS

a--- Select Grid Alignment 10.001[0,00110.00[
b --- Sclecl Number o1"Boundary Pad Cells l,l
c--- Set Cell Size [ 0.00]
d--- Set Ray Distribution [REGULAR
e --- Set Extent of Bounding RPP
f--- Select Output Fields [ELECTRIC]
j --- Job to be run in [FOREGROUND]
m--- Select Mesh Format [CELL_ASC]
n --- Select Mesh File Name [sphere]
p --- Generate Full or Partial Mesh [FULL__MESI-tl
r--- Set Max Rays Per Cell [4][4][4]
s --- Cast Rays on Solid Centers [OFF]
x --- Accept Mesh Parameters

Enter Command: r

SET THE MAXIMUM NIJMBER OF RAYS PER OCTANT

Sets the maximum number of rays that will be generated for any octant to determine
whether that octant is in or out of the solid. Fewer rays will generally result in certain
octants being incorrectly classified whereas more rays require more computer time.

Set the maximum number of rays cast in each direction based on the model
being sampled. Parts which are thin in the y-direction may require y-rays to be cast in
order to be found. Y-rays are the most time-consuming, though, so should be used only
when necessary.

Enter the maximum number of rays per octant in each direction (x,y,z): 4 0 4
Maximum rays per octant set to [4][0][4]

Bounding RPP
X MIN = [- 1000.0000] X MAX = [ 1000.0000]
Y MIN = [-I000.0000] Y MAX = [ 1000.0000]
Z MIN = [-1110.1718] Z MAX = [ 1000.0000]

SET MESH PARAMETERS

a--- Select Grid Alignment [0.00][0.00][0.00]
b --- Select Number of Boundary Pad Cells [8]
c --- Set Cell Size [ 0.00]
d --- Set Ray Distribution [REGULAR]
e --- Set Extent of Bounding RPP
f--- Select Output Fields [ELECTRIC]
j--- Job to be run in [FOREGROUND]
m --- Select Mesh Format [CELL_ASC]
n --- Select Mesh File Name [hollow_sphere]

10



p --- Generate Full or Partial Mesh [FULL_MESHI
r--- Set Max Rays Per Cell [14][10][4]
s --- Cast Rays on Solid Centers [OFF]
x --- Accept Mesh Parameters

At this point, we are ready to let ANA begin building the mesh, so enter 'x' to proceed.
See the ANA manual for other possible options.

Enter Command: x

NON PAD GRID DIMENSIONS CALCULATED TO BE

I=40
J=40
K= 44

EXTENT OF BOUNDING RPP IN MILLIMETERS

MIN MAX
X -1000.00 1000.00
Y -1000.00 1000.00
Z -1150.00 1000.00

......... Mesh Parameters for Group [1] ..........

Grid Alignment [0.00] [0.00][0.00]
Number of Boundary Pad Cells [8]
Set Cell Size [50.00]
Set Ray Distribution [RANDOM]
Output Fields [ELECTRIC]
Mesh Format [CELL_ASC]
Mesh File Name [sphere]
Max Rays Per Cell [4][0][4]
Cast Rays on Solid Centers [OFF

Meshing group 1

cylinder.r carved_sphere.r

Max Rays = [41][0][4]

[0] [1]'[2] [3] [4] [5] [6] [71 [8] [91 [10] [111 [12] [13] [14] [15] [16]
[17] [18] [19] [20] [21] [22] [23] [241 [25] [26] [27] [28] [291 [30] [31]
[321 [33] [341 [35] [36] [371 [381 [39]

Group 1 Meshed in 56.800000 CPU seconds

When Ana is finished, three new files should exist: ana_ERR,hollow_s_LOG and
sphere_a_cla. The file ana_ERR will contain any error messages written during the
meshing procedure, hollow s LOG will contain a record of the meshing session, and

11



sphere a cla will contain the mesh itself. Standard procedure is to rename the mesh file,
replacing the a cla string with a .grd extension. This practice will ensure that a grid
created at one cell size will not be inadvertantly overwritlen if the model is re-meshed at a
different cell size or for some other reason. Also, it is good practice to include some
mention of the cell size as part of the file name, in the event that more than one mesh is
created. In the case of this example, the file will be renamed t'rom sphere a cla to
sphere_50.grd.

my sphere a ela sphere_50.grd

12



Chal)ler 4

EXAM INING THE i::!NI'i'E D! Flq;,l_ENCI:i MES H

At this point, a finite-difference mesh exists which could be used as input to TSAR.
However, we don't know if the mesh really is a good approxinmtion to the solid model, or
whether there arc problems with the mesh. This can only be determined by examining
the Inesh itself, by using the program IMAGE. Inw_ke IMAGE by lyping:

image sphere 50.grd

The program will open a window and read in the mesh. Once the mesh is completely
read in, the user can manipulate what is displayed by using the various buttons arrayed on
the screen. As described in the IMAGE manual, the full mesh can be displayed, or the
user may display only a portion by changing the bounding box or selecting a single plane
for display.

To display the full mesh, click on 'Fields' with the left mouse button (all IMAGE
commands use the left mouse button). This will cause the full mesh to be displayed. At
50 mm resolution, the example model is a particularly dense mesh, and trying to work
with the full model will be extremely slow. Instead, click on the 'Bbox only' button to
turn off the display, then click on 'Yrot', move the pointer over the slide bar along the
right hand side of the display window, hold down the left mouse button and move the
mouse up and down until the y rotation is approximately 90 degrees.

Now try looking at the mesh a single plane at a time, by clicking on the 'i slice'
button, then the 'Fields' button. The display should show a single plane through the
middle of the mesh, and the dielectric cylinder should be visible. Try out some of the
other buttons, referring to the IMAGE manual as necessary. When you are finished, click
on the 'exit' button along the top to leave IMAGE.

The idea is to look for gaps where there should be no aperture, materials where there
should be none, dangling edges, lack of symmetry, etc. Look carefully at the apertures
and at the cylinder piercing the sphere. If the result doesn't look correct, it may be
necessm'y to return to ANA and try re-gridding with some different parameters. You may
need to try adjusting mesh alignment, or changing the cell size slightly, reordering
material numbers, (higher numbered materials take precedence), or meshing some parts
in different groups. This is an extremely important step in the modeling process, and

, several iterations may be necessary before a satisfactory mesh is obtained.

An important point is the material precedence scheme used by ANA. Look carefully
at the cylinder piercing the sphere. Notice how the cylinder appears to shrink in diameter
where it enters the sphere. This is because where there is a material conflict, ANA will
choose the higher-numbered material. Since the cylinder in this case is number three and
the sphere is number eight, the sphere will be given precedence, which results in a
slightly smaller cylinder. A better choice might have been to give the cylinder a higher
material number. This would require returning to MGED and re-doing the mater
command for the sphere and the cylinder, then re-running ANA. For the purpose of this
tutorial, we will just keep the current model.

Because the mesh is just an approximation to the solid model, it will be impossible to
obtain a perfect mesh. Only the user can decide if a particular mesh is a good
electromagnetic representation of the object to be simulated, and this must be based on a
knowledge of EM, experience in running TSAR, and on a certain amount of intuition.

13



Don't overlook the importance of this step. Usually ANA will provide a reasonably good
mesh, but il' any errors or anomalies do exist, the answers that TSAR provides will not
accurately reflect what happens to the real object which you are trying to simulate.
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Chapter 5

SETTING TSAR PARAMETERS

Once al_ cceptable finite-difference mesh has been obtained, the preliminary work
has been completed, and it is now time to begin to work with TSAR itself. A program
called SETUP_TSAR, (formerly called SHELL), exists to help set up both the parameters
necessary to compile TSAR and the input file used to actually run TSAR. To run the
program, simply lypc'

setup_tsar

The following is the session used to set up the parameter files necessary to compile
TSAR,

SETUP_TSAR - an interactive utility for setting up TSAR input files
(C) Copyright 1988, 1991, 1992.
The Regents of the Unversity of California. All rights reserved

SETUP_TSAR

1, Enter/Modify basic compile-time parameters.
2. Enter/Modify far-field compile-time parameters,
3. Enter/Modify thin slot compile-time parameters.
4. Enter/Modify run-time namelist file.
5. Exit.

(* indicates that an item of this type exists.)

Please select an option >>
1
Selecting 1 calls up a menu which will allow arrays within TSAR
to be specified for compilation,

# Description Current value

1. Number of cells in the I direction 20
2. Number of cells in the J direction 20
3. Number of cells in the K direction 20

. 4. J planes in core memory 20
5. Maximum # of point field sensors 10
6. Maximum # of internal radiators 10
7, Maximum # of slice sensors 4
8. Maximum length of user-supplied pulses 200
9. Maximum # of user-supplied pulses 4
10. Maximum #ofvolumee sensors 1
11. Number of bits for each material index 3
12. Name of NAMELIST user input file tsar°in
13. Exit

Numbers I, 2 and 3 need to be changed to match the values found in the header of the
mesh file. In this case, I=56, J=56 and K=60.

15



What item would you like to change? >>
I

Item to change : Maxl
Type :Integer
Lower Limit : 0
Current Value : 20

New value >>
56

# Description Current value

* l, Number of cells in the I direction 56
2. Number of cells in the J direction 20
3. Number of cells in the K direction 20
4. J planes in core memory 20
5. Maximum # of point field sensors 10
6. Maximum # of internal radiators 10
7. Maximum # of slice sensors 4
8. Maximum length of user-supplied pulses 200
9. Maximum # of user-supplied pulses 4

10. Maximum # of volumee sensors 1
11. Number of bits for each material index 3
12. Name of NAMELIST user input file tsarin
13. Exit

What item would you like to change? >>
2

Item to change ' MaxJ
Type 'Integer
Lower Limit ' 0
Current Value ' 20

New wdue >>
56

# Description Current value
...... . ..... ..... .... .................................................--.. .... ..................

*l, Number of cells in the I direction 56
*2. Number of cells in the J direction 56

3. Number of cells in the K direction 20
4, J planes in core memory 20
5. Maximum # of point field sensors 10
6. Maximum # of internal radiators 10
7. Maximum # of slice sensors 4
8. Maximum length of user-supplied pulses 200
9, Maximum # of user-supplied pulses 4

16



1(). Maximum#ofw_lume sensors 1
i I i. Numher of bits for each material index 3

12. Name ofNAMI:,LISIuser input file lsarin
13. Exit

What item would you like to change? >>
3

Item to change ' MaxK
Type ' Integer
Lower" Limit ' 0
Current Value ' 20

New value >>
6O

# Description Current value

* I. Number ofcellsintheIdirection 56
* 2. Number of cells in the J direction 56
* 3. Number of cells in the K direction 60

4. J planes in core memory 20
5. Maximum # of point field sensors 10
6. Maximum # of internal radiators 10
7. Maximum # of slice sensors 4
8. Maximum length of user-supplied pulses 200
9. Maximum # of user-supplied pulses 4

i0. Maximum # of volumee sensors 1
1 I. Number of bits for each material index 3
12. Name of NAMELIST user input file tsarin
13. Exit

All the J planes should fit into memory, so set number 4 equal to the number of J phmes.

What item would you like to change? >>
4

Item to change ' JBufSize
Type ' Integer

. Lower Limit ' 0
Current Value ' 20

New value >>
56

# Description Current value

* 1. Number of cells in the I direction 56
* 2. Number of cells in the J direction 56
* 3. Number of cells irathe K direction 60
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:_4, .1planes in core nlemory 56
5. Maximum # of point I'iehJsensors I()
6. Maximum# ot"internal radiators 1()
7. Maximunl # ol' slice sensors 4
8. Maximum length o1'user-supplied pulses 200
9. Maximum # ot"user-supplied pulses 4

10. Maximum # of w_lume sensors I
11. Number of bits for each material index 3
i2. Name of NAMELIST user input file tsarin
13. Exit

For this example problem, we may keep the del'ault values for the rest of the parameters.
See the TSAR manual for an explanation o1'these parameters.

To exit this menu, choose number 13.

What item would you like to change? >>
13

SETUP_TSAR

*1. Enter/Modify basic compile-time parameters,
2. Enter/Modify far-field compile-time parameters.
3, Enter/Modify thin slot compile-time parameters.
4. Enter/Modify run-time namelist file,
5. Exit.

(* indicates that an item of this type exists.)

Please select an option >>

At this point, we have created the file params.inc, which contains some of the parameters
necessary to compile the tsar code ['or this size problem. The next step is to set the far-
field projection parameters.

In this problem, we don't intend to perform any far-field calculations, so the default
values will be fine. However, on some machines, in order to get the file projprms.inc
written to the current directory, it is necessary to enter at least one value, even if it is the
same as the default. (An alternative would be to copy projprms.ctp from the tsar source

, q )file, edit it as necessary and rename it projprms.inc ) Chc ose item 2 from the menu to
select the far-field parameters, then enter one for the maximum number of frequency-
domain far-field points per pattern.

Please select an option >>

2

# Description Current value
........................-................................-..-...- .... .,.......................... ....

!. Max # of freq-domain fiu'-tieid patterns 1
2. Max # of freq-domain far-field points per pattern 1
3, Max # ol'time-domain far-field observation points 1
4, Max # of time-domain far-field timesteps per point 1
5, Max # of time-domain near-field observation points 1
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6. Max # ofspacepointsinnear-fieldsanq_lingsurface I
7. Max # _,_1'lime-domain near-field lilnesteps per point I
8. l'_xit

Wlml ileal would you like to change'! >>

2

Item to change : Maxlq:"Pls
Type :Integer
Lower I,imit : ()
Currenl Value : 1

New value >>

I

Selecting a menu item, even il' the entry is the same as the del'ault, is sulTicient to c;luse
the include file to be created.

# Description Current value

1. Max# of freq-domain l'ar-l'ield patterns 1
* 2, Max # of freq-domain far-field points per pattern I

3. Max # of time-domain l'ar-field observation points !
4. Max # of time-domain tiu'-t'ield timesteps per point 1

i 5. Max # of time-domain near-l'ield observation points I
6. Max # of space points in near-l'ield sampling surtilce 1
7, Max # of time-domain near-field timesteps per point I
8. Exit

What item would you like to ch'mge? >>

8

' SETUP_TSAR

* I. Enter/Modify basic compile-time parameters,0

* 2. Enter/Modify far-field compile-lime parameters.
3. Enter/Modify thin slot compile-time parameters.
4. Enter/l_lodify run-time namelist file.
5. Exit.

(* indicates that an item of this type exists.)

Please select an option >>

Having completed item 2 on the menu, we have now dimensioned the problem and have
created two files, params.inc and projprms.inc. We next need to create the file
slotprms.inc, but we don't need to modify the parameters since there are no thin slots (less
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than a cell dimension) in this example problem. Entering, touching one value, then
exiling the menuwill create the necessaryfile.

3

# Description Current value

I. Max # o1'thin slots allowed 1
2. Max # of cells with thin slols I
3. Max # of basis functions perslol 1
4. Max # of time steps saved in HTSA 1
5. Max # of HTSA probes 1
6. Exit

What item would you like to change? >>

I

Item to change :MaxSlots
Type :Integer
Lower Limit : 1
Current Value : 1

New value >>
I

# Description Current value

* 1. Max # of thin slots allowed I
2. Max # of cells with thin slots 1
3. Max # of basis functions per slot 1
4. Max # of time steps saved in HTSA 1
5. Max # of HTSA probes 1
6. Exit

What item would you like to change? >>

6

SETUPTSAR

* I. Enter/Modify basic compile.time parameters.
* 2. Enter/Modify far-field compile-time parameters.
* 3. Enter/Modify thin slot compile-time parameters.

4. Enter/Modify run-time namelist file.
5. Exit.

(* indicates that an item of this type exists.)

Please select an option >>

Next, before leaving setup_tsar, we need to create an input file tbr a particular tsar run,
which will include Such things as which boundary conditions to use, how many time steps
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to run, etc. 'I'()create the input file, usually called tsanin, sclccl ntlillbt,r ft)ur l'rom tile
II)CI|LI.

Pleasesclct+'ttilt t>l)lit)n>

4

SIMULATION I_ARAMI+ I t-l,tS

I. (jcncral problem set-up
2. Materials
3. Incident wave shape
4. Point radiation sources
5. External plane wave soulcc,
6. Point sensors
7. Input verification
8. Ncar-l'ield sampling
9. Far-field projections

I(). Thin Slots
Ii. Slice sensors
12. Volurne sensors
13. Finished

Select an opti()n >>

1

# Description Current wllue
..,o...... .... .......-......................................-.... ............... ..........

!. Comment title of problem TSAR Fini'e l)ift'erence Software
2. Size of minglegrid cell i.O()OE-02
3. Total nutnber of time steps to execute 16
4 Use explicit virtual memory? NO
5, Name of object grid file grid
6. Use real, not grid coordinates? NO
7. I location of real origin 0,000E+00
8. J l()cation of real origin O.O00E+O0
9. K location of real origin O.O00E+O0

' 10, Boundary condition of XMin l'ace None
11. Boundary condition of XMax fitce N(>ne
12. Boundary condition ()1'YMin face None0

13. B()und,ary condition of YMax face None
14. Boundary condition of ZMin t'ace None
15. Boundary condition of ZMax t'ace None
16. Exit

What item woukt you like to change? >>

I

Item to change ' Title
Type 'String
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Current Value ' TSAR Finite Difference Sol'twarc

Enter new value >>

Hollow_sphere,dx=50mm,9/l/93

# Description Current wlllm

* l, Comment lille o1'problem Hollow_sphere,dx=50mm,9/I/93
2. Size ot"single grid cell I,O00E-02
3. Total number of time steps to execute 16
4. Use explicit virtual memory? NO
5. Name ot' object grid file grid
6. t se real, not grid coordinates? NO
7. l location of real origin 0.000E+00
8. J location of real origin 0.000E+00
9, K location of real origin 0.O00E+O0

10. Boundary condition of XMin face None
Ii, Boundary condition of XMax face None
12. Boundary condition of YMin f_ce None
13. Boundary condition of YMax face None
14. Boundary condition of ZMin face None
15. Boundary condition of ZMax face None
16. Exit

What item would you like to change? >>

I

Select number two to set the proper cell size.

Item to change ' Dx
Type ' Real
Lower Limit ' O,
Current Value ' I.O00E-02

New value >>

5.0e.2

# Description Current value
.............................................................--.....-.....---. ........ ..

* 1. Comment title of problem Hollow_sphere,dx=50mm,911193
*2. Size of single grid cell 5.00()E-02

3. Total number of '.ime steps to execute 16
4. Use explicit virtual memory? NO
5. Name of object grid file grid
6. Use real, not grid coordinates? NO
7. l location of real origin 0.O00E+O0
8. J location of real origin 0.O00E+O0
9, K locatLon of real origin 0.O00E+O0
10, Boundary condition of XMin face None
11. Boundary condition of XMax face None
12. Boundary condition of YMin face None
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I?,. I'l()LImhtryc(_mliti_mc)f YMax Iacc N_me
14. I,_otlnclarycondilion ¢)fZMin Face N()ne

w r15, B(mnclary condiliem ()i"ZMdx Face N(m¢
I(_. Exit

Whal item would you like t¢_change? >>

Set the nunlbcr of timc ,,,;lepsfor the problem to run by selecting number three.
We will rut1 the problem for 128 lime steps.

What item would you like to change? >>

3

Item to changc • NSleps
Type ' lntcger

' l.c)wcr"l,imit ' 0
(.urrcnt Valuc ' 16

New value >>

128

# Description Current wtlue

• !. Comment title of problem Hollow_sphere,dx=5Omm,9/I/93
) -:• 2. Size of single grid cell 5.( OOE-02

• 3. Total number of time steps to execute 128
4. Use explicit virtual memory? NO
5 Name of object grid file grid
6. Use real, not grid coordinates? NO
7. ! location of real origin .OOOE+OO
8. J location of real origin O.O00E+O0
9 K location of real origin O.OOOE+OO

10. Boundary condition of XMin face None
I1. Boundary condition of XMax face None
12, Boundary condition of YMin face None
i3. Boundary condition of YMax face None
14. Boundary condition of ZMin face None

15. Boundary condition ¢)t'ZMax fiice None
16. Exit

What itcm would you like to change? >>

5

Item to change ' Gtldflle
Type "String
Current Value ' grid

Enter new value >>

sphere 50.Rrd
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# l)cscril+tit_I+ ('urrenl value

*I. ('tt11+ll'R'nttitle +,f prol+len+ llollowsl+llere,dx=5()n+iirl,9/ll03
*2. Size t>l'sillg]¢ gt'itl cull 5.()0()1:;A)2
"3, Total null)bur _)f time steps to execute 128

4. tlsc cxplic'it virltlal metnory? NO
*5. Name t_t"t_l!jcct grid file sphere_ 50.grd

6. t lsc real, 11olgrid c,oordillates'? NO
7 ! Ioc'ati_m ¢+1real origin 0.()()()I;_+()()
8. .1Iocatitm uf t'e;tl origin ().000E+O0
9. K location of real origin O.O00E+00
(). Btmndarv condition of XMin lace None

I. B(mrldary c_mdition of XMax l'ace None
', 13ourl¢lary condition of YMin face None
3. Botlnd;.try condilion of YMax face None
4. 13oundary condition _1"ZMin face None
5, Boundary condition of ZMax face Norm
6. l';xit

What item would you like to change? >>

10

Item to change ' BCXMin
'l'ype "String
Possible values :NONE

MAGNETIC PERFECT CONDUCTOR
ELECTRIC PERFECT CONDUCTOR
2ND ORDER MLIR RADIATION
IS+I"ORDER MUR RADIATION

Current Value 'None

Enter new value >>

2rid

# l)cscription Current value
.............................................................................................

* 1 Comment title of problern Hollow_sphere,dx=50rnrn,9/l/93
*2 Size of single grid cell 5.000E-02
::3 +l'otal numt_er of time steps to execute 128

4 Use explicit virtual rnen'lory? NO
*5 Name of ot!ject grid file sphere50.grd

6 Use re;d, not grid coordinates? NO
7 I Iocaticm of real origin O.000E+00
8. +Ilocation of real origin O.O00E+O0
9. K location of real origin O.O00E+O0

* 10. Boundary condition of XMin face 2ND ORDER MUR RADIATION
11. Boundary condition of XMax face None
12, Boundary condition of YMin face None
13. Boundary condition of YMax face None
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i

14. Boundary c_mdition of ZMin face None
15. Boundary condition of ZMax face None
16. Exit

Wlmt item would you like to change? >>

11

Item to change : BCXMax
Type :String
Possible w:llues : NONE

MAGNETIC PERFECT CONDUCTOR
ELECTRIC PERFECT CONDUCTOR
2ND ORDER MUR RADIATION
IST ORDER MUR RADIATION

Current Value : None

Enter new value >>

2nd

# Description Current wllue

* 1. Comment title of problem Hollow_sphere,dx=50mm,9/l/93
*2. Size of single grid cell 5.000E-02
*3. Total number of time steps to execute 128
4. Use explicit virtual memory? NO

*5. Name of object grid file sphere_50.grd
6. Use real, not grid coordinates? NO
7. I location of real origin 0.000E+00
8. J location of real origin 0.000E+00
9. K location of real origin 0.000E+00

* 10. Boundary condition of XMin face 2ND ORDER MUR RADIATION
* 11. Boundary condition of XMax face 2ND ORDER MUR RADIATION

12. Boundary condition of YMin face None
13. Boundary condition of YMax face None
14. Boundary condition of ZMin face None
15. Boundary condition of ZMax face None
16. Exit

What item would you like to change'? >>

Continue through the boundary conditions, setting each one to 2nd order Mur, until all six
faces have been set, then enter 16 to leave this menu.

# Description Current value
...............................................................................................

* 1. Comment title of problem Hollow_sphere,dx=50mm,9/l/93
*2. Size of single grid cell 5.000E-02
*3. Total number of time steps to execute 128
4. Use explicit virtual memory? NO
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*5. Namc ()f ol!jcct grid filc sphere 5().grd
6. tlsc real, not grid coordinates? NO
7. 1 location ()f real origin ().000E+00
8. J location of real origin ().()00E+()0
9. K location of real origin O.0()0E+00

* I(). Boundary condition of XMin face 2ND ORDER MUR RADIATION
*11. Boundary condition of XMax face 2NI) ORDER MUR RADIATION
"12. t3oundary condition o1"YMin l'ace 2ND ORDER MUR RADIATION
* 13. Boundary condition of YMax face 2ND ORDER MUR RADIATION
* 14. Boundary condition of ZMin face 2ND ORI)ER MUR RADIATION
:t:15. Boundary condition of ZMax face 2ND ()RDI:_R MUR RADIATION

16. Exit

What item would you like to change'? >>

16

SIMULATION PARAMETERS

:t:1. General problem set-up
2. Materials
3. Incident wave shape
4. Point radiation sources
5. External plane wave sources
6. Point sensors
7. Input verification
8. Near-field sampling
9, Far-field projections
10. Thin Slots
11. Slice sensors
12. Volume sensors
13. Finished

Select an option >>

2

Next, the material constituitive parameters need to be set. Enter 2 to select the materials
lllentl.

# Description Current value
.........................................................................................

1. Relative material permittivity, epsilon (Array)
2. Relative material permeability, mu (Array)
3. Electrical conductivity (Array)
4. Magnetic conductivity (Array)
5. Trim calcs outside closed shell? NO
6. Exit

What item would you like to change? >>

1

Start by setting any relative dielectric constants different than free space.
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Ilem Io change ' EpsR
Type :Real Array
Lower Linlit : 1.
Current Value(I) : 1.00
Current Value (2) : 1.00
Current Value( 3): 1.00
Current Value(4) : 1.00
Current Value (5) : 1.0()

Item to change, new value (0,0 to end) >>

To make the cylinder a dielectric, choose material 3 and enter a relative dielectric
constant. Enter the material and constant as a pair scparated by a comma.

3,1.7

Item to change : EpsR
Type : Real Array
Lower Limit : 1.
Current Value ( 1): 1.00
Current Value( 2): 1.00
Current Value (3): 1.70
Current Value( 4): 1.00
Current Value (5) : 1.00

Item to change, new value (0,0 to end) >>

To exit this menu, enter 0,0.
0,0

# Description Current wdue

*1. Relative material permittivity, epsilon (Array)
2. Relative material permeability, mu (Array)
3. Electrical conductivity (Array)
4. Magnetic conductivity Array)
5. Trim calcs outside closed shell? NO
6, Exit

What item would you like to change? >>

Make the sphere metallic by choosing an electrical conductivity value.

3

Item to change : ConductE
Type : Real Array
Lower Limit : 0.
Current Value (1) : 0.O00E+00
Current Value (2) : 0.000E+00
Current Value (3) : 0.000E+00
Current Value (4) : 0.000E+00
Current Value ( 5): 0.000E+00
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Ilcm to change, new value (0,0 Io end) >>

The sphere is material 8. Even though 8 is not displayed, it can still be entered as a
material value. The menu will change to display 5 values centered at the chosen material
number.

8,3.0e

Item to change : ConductE
Type : Real Array
Lower Limit : O.
Current Value (4) : O.O00E+O0
Current Value ( .5): O.O00E+O0
Current Value ( 6): O.O00E+O0
Current Value ( 7): O.O00E+O0
Current Value ( 8): 3.000E+07

Item to change, new value (0,0 to end) >>

Exit this menu by entering 0,0.

0,0

# Description Current value
....-......................................... ......... ............ ...... ............ ..... .

*1. Relative material permittivity, epsilon (Array)
2. Relative material permeability, mu (Array)

*3. Electrical conductivity (Array)
4. Magnetic conductivity (Array)
5. Trim calcs outside closed shell? NO
6. Exit

What item would you like to change? >>

Having defined values for all the regions in our model, we can exit.

6

SIMULATION PARAMETERS

* 1. General problem set-up
*2. Materials

3. Incident wave shape
4. Point radiation sources
5. External plane wave sources
6. Point sensors
7. Input verification
8. Near-field sampling
9. Far-field projections
10. Thin Slots
11. Slice sensors
12. Volume sensors
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13. l:inisilt'd

Seleclanoplion>>

,I

The timehist_)ryoi"the incidentl'ieldnow needstohe speeil'ied.(:hoosethreefromthe
111enLl.

# l)esc'ription (,urrenl value

1. Shape of incident pulse 2
2. Frequency ot' sinusoidal waves I.O00E+09
3. Time dehiy oI'Gaussian peak 40.0
4. Full width half-max oI' (_aussian 25,0

. 5. Rise time of exponential pulses 16.0
6. Fall time ot' exponential pulses I0,0
7. Peak amplitude of incident t'ieids 1.00
8, Enter source params, in units o1' l)t? YES
9. File name of user-supplied pulses (Array)
10. Exit

What item would you like to change? >>

' These menu items define the type of pulse and its particular shape. We'll keep the delhult
parameters tbr this example. See the TSAR manual lbr an explanation.

10

SIMULATION PARAMETH_,S

*1. General problem set-up
*2. Materials
*3. Incident wave shape
4. Point radiation sources
5. External plane wave sources
6. Point sensors
7. Input verification

. 8. Near-field sampling
9. Far-t'ield projections
tO. Thirl Slots
!1, Slice sensors
12. Volume sensors
13. Finished

Select an option >>

We want to excite our model externally, s() we don't want to set any radiation sources.
Our next choice should be number five.

5
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# I)escril_ti_,l C'urrenl value

I. Apply external pl_lnewave'! N()
2. Run TSAR in scattereclfield me)de'? N()
3. ;'V''Lie ,Ilion angle of incident plane wave 9(),()
4. Azimuthal angleof incident plane wave 9().()
5, l'olm'ization of incident plane wave 9().()
6. Material index of stlrrounding medium I
7, riser pulse shape flu' external waves ()
X. XMin h()undary ()I"total field z()ne 4
9, XMax boundary of total fieh.l z¢)ne 52
I0, YMin boundary ol'total field zone 4
!1, YMax btnlndary ()1'total l'ield zone 52
12. ZMin boundary ol' total field zone 4
13. ZMax boundary ot' total field zone 56
14. l_x!t

What item would you like to change?>>

I

Changing one will excite the problem with a plane wave. Nun'lbersthreethrough five
dictate the direction and polarization ot' the wave, Match the numbersbelow to set tip a
phme wave propagating in the x-direction, polarized in the y-direction.

# Descripticm Current value

*1, Apply external plane wave'! YES
2. Run TSAR in scattered field mode? NO
3. Elevation angle of incident plane wave 90.0

*4. Azimuthal angle of incident plane wave O.O00E+O0
*5. Polarization of incident plane wave O.O()OE+O0

6. Material index of surrounding medium 1
7. User pulse shape for external waves 0
8. XMin boundary of total field zone 4
9. XMax boundary of total field " _ •zc nc 52
IC). YMin boundary of total field zone 4
11. YMax hot|ndary of total field zone 52
i2. ZMin boundary of total field zone 4
13. ZMax boundary ol"total field zone 56
14. Exit

What item would you like to change? >>

14

SIMULATION PARAMETEI?,S

*i. C;eneral problem set-up
*2. Materials
*3, Incident wave shape
4, Point radiation sources

*5. External plane wave sources
6. F'oint sensors
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7, luptll verification
8. Nem'-f'ieldsmnpling
9, I:ar-I'ieltl I_t'_jccli_ns

I0. Thin Slots
II, Slice scns_)rs
12. Volume sensors
13, l:inishcd

Selectun option >>

We now Jl_.|ve the simulation itsr,!f'del'incd, We next neecl to choose the output t'rOll|
TSAR. Let's select two point scnson'._:i'rom menu number 6 and a slice sensor I'rom menu
II.

6

# Description (Turrent value

I. X location of point sensors (Array)
2. Y location of point sensors (Array)
3. Z location of point sensors (Array)
4. X component of point direction (Array)
5. Y component of point direction (Array)
6. Z component of pointdirection (Array)
7. Type of point sensors (Array)
8 Turn-on time of point sensors (Array)
9. Ttnrn-ofl' lime o1'point sensors (Array)
I0. Prefix name ol"point sensor data I'ilcs point
!1 Print point data in binary (vs ASCII)? NO
12. Exit

Wlmt item would you like to change? >>

First set the location of the sensors, in grid (I,J,K) co-ordinates.

1

Item to change : PntX
I Type : Re_llArray

' Current Value(1) : (Not Assigned)
Current Value(2) : (Not Assigned)
Current Value (3) : (Not Assigned)
Current Value(4) : (Not Assigned)
Current Value(5) : (Not Assigned)

Item to change, new wdue ((),0 to end) >>

1,21,1

Item to change : PntX
Type :ReM Arniy
Current Value ( I ) : 28,0
Current Value(2) : (Not Assigned)
Current Value (3) : (Not Assigned)
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i

Current Value (4) ' (N_t A_igncd)
Current VaJtic (5) ' (N(fl A,s,signcd)

Iteln to change, IleW VIiILIL"(t},{) It) end) >>

2,20

Item to change ' l)ntX
Type 'RealArray
CurrentValue(I)' 2X,()
CurrentValue(2)' 20.(1
CurrentValue(3)'(NotAssigned)
Current Value ( 4)' (Not Assigned)
CurrentValue(5) ' (Not Assigned)

Item it) change,new valuc (0,() to end) >>

0,0

# Description CLirren[ valLle

* 1, X l_ation of point sensors (Array)
2. Y location of point sensors (Array)
3. Z location of point sensors (Array)
4. X component of point direction (Array)
5. Y component of point direction (Array)
6, Z component of point direction (Array)
7. Type of point sensors (Array)
8. Turn-on time of point sensors (Array)
9. Turn-off time of point sensors (Array)

10. Prefix name of point sensor data files point
11, Print point data in binary (vs ASCII) ? NO
12. Exit

What item would you like to change'? >>

Proceed through the menu, setting y anti z locations for probes I and 2. Use IMAGE to
assure that the probes are located in the appropriate locations. Also specify a probe
direction Ibr probes I and 2 by setting a value for each of the component directions. The
default setting is z= 1.0. The total length must not exceed I, so if another component is
selected, reduce the z component appropriately. In this case, the incident field is
polarized in the y direction, so a good choice might be to set the y-components to 1 and
reduce the z-components to ().

Finally, choose a probe type, such as EFIELD. Refer to the TSAR manual for the
choices.

# Description Current value

* I. X location of point sensors (Array)
*2. Y location of'point sensors (Array)
*3, Z location of point sensors (Array)
4. X component of point direction (Array)
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°_5. Y t'tmq_tmentt_l+p_int directitm (Array)
*6, Z, t't_lllll()nt'nt (+I' p_itlt dit't't'titm (Array)

*7. Typeufp_intscns_r_ (Array)
8. 'l'urn-un tiiilC _)I'l'_irlt m.,nsors (Arm_,)
t). Turn-_)i+f"tirtlc tff pt}it|t SClls(!r,,,,i (Al't'liv)

J(). I)rei'ix Iltllllt'_of' p()intsCIIN(iI'data files pt)int
II. I_rintlminI data in binary (vs AN(,II)'? ix/()
12. I_xit

What item w_mldyou like to chang,c? >>

12

,SIMtt L.A'FION PARAM E:"+S!I,R,

, *1. Cienel'ai problem set-up
*2. Materials
'3, Incident wave shape

• 4, P_)intradiation sources
*5, External plane wave sources
*6, Pt_int sensors

7, Input verification
8. Near-field sampling
9, Far-i'ield projections

10. Thin Slots
II, Slice sensors
12, Volume sensors
13. Finished

!

Select an option >>

II

# Description f, urrent value

1, Pret'ix name of slice output data files slice
, 2. Type ot'slice sensor Array)

3. Switch to turn slice sensors on and {}l'l' (Array)
4, Turn-on time of slice sensors (Array)
5. Turn-ofT time of slice sensors (Array)
6, "Mmestep increment for slice sensors (Array)
7. t,ower i limit lor slice sensors (Array)
8, tipper I limit for slice senst rs (Array)
9. I increment for slice sensors (Array i

I0, L,ower J limit for slice sensors (Array)
il, tipper J limit Ik}rslice sensors (Array)
12, J increment for slice sensors (Array)
13, Lower K limit t'or slice sensors (Array )
14, Upper K limit for slice sensors (Array)
!5, K increment for slice sensors (Array)
16. Exit
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Whal ilcm w_,uld yLmlike to chan_e" >>

2

Item to clmn_e _. _cKind
Type ' String Array
l'i_ssihlcv'ilues 'l!X

i_Y
I,;Z
IIX
IIY
ilZ

(urrenl Value (I) '
(,urrcnl Value (2)'
C?urrentValue ( 3)'
Current Value (4)'

item to ctuulge (()to end) >>

1

Enter new value >>

EY

Item tochange ' CSlcKind
'l'yl'_e ' String Array
Possible values ' EX

EY
EZ
iIX
ltY
HZ

Current Value ( 1)' EY
Current Value(2)'
Current Value( 3)'
Current Value(4)'

i
i,

i

Item to change(0 to end) >>

0

# Descl'iplion (,tlrrenl value

1. Prci'ix name o1'slice output data t'ilcs slice
*2. Type of slicc sensor (Array)

3. Switch to turn slice sensors on and off (Amty)
4. Turn.on lime of slice sensors (Array)
5, Turn-olT time of slice sensors (Array)

6, Time step increment, tot slice sensors (Array)7. Lower I limit tbr slice sensors (Array)
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8, I ipper I litnil ior slice sensL.'s (Array)
9. I incretnent i'_r slit'c sens_t's (Arnly)

I(), I.ower J linlit l_}rslice sel'ls_}t's (Arrtty)
II, [Jl')perJ iirnil Ir_rslice sens_r,., (Arnly)
12. J int'remenl l(_rslice sens_)rs (Array 1
13. l.ower K limit for .slicesens_rs (Array)
14, tipperK limitfi)rslicesens¢)|'s (Arnly)
15. K incrementforslicesensors (Arnly)
I¢_. l:,xit

What itcln would you like to clmrtgc?>>

l)roccedthrough the itelllSill this IIICIILI, giving, a value to the first it elelllell[ ()l"each ite,n.
i_:()I' at least one ()I' theco-ordinates, the upperand lower limits n)usthecquai, st) timt _i
single plane is dct'ined, (Volume sensors arc available it'desircd),

16

;" ' 3 '. SIMUI.ATI()N PARAM!, I LRS

* 1, C;encral pr()blctn sct-t|p
*2, Materials
"3, Incident wave strope
4, P()inl radiation sot|tees

*5, External pl_mc wave sources
*6, Point SetlS()l'S

7, Input vcrif'icati(m
8. Near-field sampling
9, Far-field projectic)ns
I(), Thin Sh)ts

*i I. Slice sensors
12, Volume sensors
13, I:inislled

Sclect an ()piton >>

13
SI!T[II ) TSAR

' * 1, Fnter/Modify basic c¢)mpilc-time I')aranlelers,
,0 l.ntetlM dll'y far-l'ield c()mpile-tinle parameters.

, * 3. Enter/Modify thin slot c()mpile-time pan|meters,
* 4, I:.nter/M()dify run-tithe nameli,,.t file,

5, l_.xit,

(* indicates ttl_|tan item ()f this type exists,)

I)lcase select an ()pti_)n>>

5

['all again!
ST()I )
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At this point, there are three+itzclude files, to l')eused for compiling TSAR, and one tsarin
file, It) rtln Iiparticular siiz|ulation. II'any oi' these files need to l')echanged, either
Sl':'l't]l ) TSAR ()r yt)tll"l'+.lVt)i'iteeditor may be used at this ,,+rage.

'l'he next step in the process is to compile an executable TSAR, I1'the installati()n
instructions were ft)lh)wed, and your environment variables are properly set, it shoukl
t)nly be necessary tt)type:

makelsar

This Colnnland will find the source code, compile and link TSAR. and leave tm
executable called tsar in the local directory. It will also leave a host of object files. *.o, in
the local directory, Once a good executable has been built, these ol_ject files can be
deleted if desired,

It is a good idea to try TSAR I'or just a couple o1'time steps the first time a new
executable is ready to run. This checks the settings in the tsarin file and will quickly let
you know it'something is not correctly set. Once it runs for a couple ol+time steps and
creates the right output files, etc., one can edit the tsarin l'ile t'or the desired number ot'
time steps. Since for any realistic .job, TSAR can run for long periods of time, it is almost
always submitted as a background.job:

Isar >& L_ar.loR&
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(,hnpter 6

I_()S'I"- I'R(){'I!SSIN(;

When 'I'S.&R tJllJshes runrlJng, wc sh_luld have three otitput Files: p_:,int()l, p¢!Jnl()2lind
slice()l, 'l'h¢ p_int filus are in SIC} extern;_l I'(ll'ill;ll, Ihill is, IIIcy contain seventl lines _l'
heilder inl'orllllltion Followed by jLIsI Y values {implied X vltliles). Tllcse Files can be read
inlo Sl(i llir_mgh the TSRt!'_AI)comtliarld,

If il processing l_ickage olhe.r lhan SICi is Ill be lised, II sitllple Iillc, r c_lll be wrillen I¢_re_kl
Ih¢ he_lder, extrIicl ltle injlial tiliie (TO) mid Ihe litlie, belwcen Y values (I)'1'}, lhcn rewrile
lhe file wilil cxplicil X vMues (XY pifirs), l'ly only .slorin_ Y values lhe datll Files are
greatly reduced in, Izc. However, ii" your posl-l_roccs.sor always rcgtlires XY pilirs, it
tllighl be w_rlI_,,,,,tiilc to ;Jlter lh¢ outptll roulirlc,,,;williin TSAR.

, The slice 1'i1¢oulpul cml be converted into _ims t'ilc wilh Ihc pr¢lgrarll tI2RAS, I'_lrdisplay
with XTRAS. 'i'o run B2RAS, type b2ras, followed by an illptit file and liil output
I'ilc'

Once _ig_iin, this program cm_ be, run gniphically, with mouse intenicti¢_n, or in teletype
mode, with _icommand line interl'_ice. The l'¢lll¢_wingis lin example of TTY mode.

i Select IVhide for ()pti(_n Selection ( graphics - Itv ): tty

CLIRRENT OH'ION SETTIN(IS
I)ATA OH'IC)NS ...................................................................

Merge ge_inelry with processed dlltil
i;il! artil'llcts in the mesh
i)alli is cell centered

Aven_ge pixeis between data points
Process all frames in the input rile
i)¢_not bevel geometry edges
I)lita is nell symettric ;lbl)ul (I

I , it sc linear dlita sclilirlg
()R ll,]N'I'ATION ()H'IONS ........................................................

' I)_ viol ic_l;ite inl;lge
I)o visitflip iilllige horizontally

, l)o not Flip iin;_ge veriically
("()! ,( )R TAll !_,1:,.......................................................................

Selecled colc_r tlible is IMultic_lor II

B2RAS MAIN PARAMI:iTI']I,_ MI;,NLI

Make chlinges ill I]2RAS p;iraincters by selecting the iippropriate sub-inenu.

c' - change ('¢lhlr l;lbl¢
d - chlinge l)_itli opti¢_lls
_ - ch/irlge Orieiltation options
x -/iccept current ¢_ptiorls settings mid proceed
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lintc:r desilvd oplion: c

COL,OR TABI,E MENU .................................................
('urrenl Color Table is [Multicolor I ]

1 --- Multicolor 1
2 --- Multicolor 2
3 --- Multicolor 3
4.... Multicolor 4
5 --- Multicolor 5
6 --- Multicolor 6
7 --- Multicolor 7
8 --- Muiticolor 8
9 --- Multicolor 9

10 --- Grayscale

Entcr Color "Fable Number ( 1-10): 6

Color table 6 is a good choice tor time domain wilues that are both positive and negative.

CURRENT OPTION SETTINGS
DATA OPTIONS .....................................................................

Merge geometry with processed data
Fill artifacts in the mesh
Data is cell centered

Average pixels between data points
Process all frames in the input file
Do not bevel geometry edges
Data is not symettric about 0
Use linear data scaling

ORIENTATION OPTIONS ..............................................

Do not rotate image
Do not flip image horizontally
Do not flip image vertically

COLOR TABLE ............................................................
Selected color table is [Multicolor 6]

---B2RAS MAIN PARAMETER MENU

Make changes to B2RAS parameters by selecting the appropriate sub-menu.

c --- change Color table
d --- change Data options
o --- change Orientation options
x --- accept current options settings and proceed

Enter desired option: d

DATA OPTIONS MENU ............................................................

d - Data [Data and Geometry]
f- Fill Mesh [Fill]
o - Data Orientation [Cell Centered]
a - Average between data values [Average]
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n - Process i:ramcs IAII l:ramcs]
b- Bevel Mcsh Edges [Ncl
I11-Data Is Symmetric About 0 [Nc,]
s - Data Scaling it, inearl
x - Accept Current Data Option Values

Enter character option: o

Data Orientation Can Be One of the l-:ollowing:

c - Cell Centered
x - Along Ex
y - Along Ey
z - Along Ez

' Enter character: y

. Since we wrote Ey values, the natural choice is y.

DATA OPTIONS MENU .........................................................

d - Data [Data and Geometry]
f- Fill Mesh [Fill]
o- Data Orientation [Ey]
a - Average between data values [Average]
n- Process Frames [All Frames]
b- Bevel Mesh Edges [No]
in - Data Is Symmetric About 0 [No]
s - Data Scaling [Linear]
x - Accept Current Data Option Values

Enter character option: m
Since these are time domain values, they vary about zero.

DATA OPTIONS MENU ..........................................................

. d - Data [Data and Geometry]
f - Fill Mesh [Fill]
o - Data Orientation [Ey]

' a - Average between data values [Average l
n - Process Frames [All Frames]
b- Bevel Mesh Edges [No]
m - Data Is Symmetric About 0 [Yes]
s - Data Scaling [Linear]
x - Accept Current Data Option Values

Enter character option: s

Enter number of cycles for log scaling: 2
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B2ras normalizes all wllues to the largest magnitude number l'ound in the file. By
choosing a 2-cycle log scale, the largest value in the output will be I and the smallest will
be (),01.

DATA OPTIONS MENU ..................................................................

d - Data [Data and Geometry]
f - Fill Me,;h IFill]
o- Data Orientation [Ey]
a - Average between data values [Average !
n - l:'roces,_Frames IAII Frames]
b- Bevel l'/lesh Edges [No]
m - Data Is Symmetric About 0 [Yesl
s - Data Scaling [Log (2 cycles)]
x - Accept Current Data Option Values

Enter character option: x
Accept the current data option settings and return to the main menu.

CURRENT OPTION SETTINGS
DATA OPTIONS ....................................................................

Merge geometry with processed data
i Fill artifacts in the mesh

Data is oriented along Ey
Average pixels between data points
Process all frarnes in the input file
Do not bevel geometry edges
Data is symmetric about 0
Use log data scaling [2 cycles]

ORIENTATION OPTIONS .......................................................
Do not rotate image
Do not flip image horizontally
Do not flip image vertically

COLOR TABLE .....................................................................
Selected color table is [Multicolor 6]

B2RAS MAIN PARAMETER MENU
Make changes to B2RAS parameters by selecting the appropriate sub-menu.

c - change Color table
d - change Data options
o - change Orientation options
x - accept current options settings and proceed

Enter desired option: x
Accept all the current settings and let b2ras begin to process the data.

CURRENT OPTION SETTINGS
DATA OPTIONS .....................................................................................

Merge geometry with processed data
Fill artifacts in the mesh
Data is oriented along Ey
Average pixels between data points
Process all frames in the input file
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I)illa is synixlletriC ah(_ut ()
I lsc I_)gdata scaling 12 cycle,s]

ORIt;,NTA'I'ION ()I"I'I()NS ...........................................................
i i)O l'lOt I'olale illlage

I)o sol Flip image horiz_tllally
1)o not t'lip image vertically

CO I,OI_ *I'A t3!.,I:,.........................................................................
Selcclcd color lahle in [Mullicolor 71

* * * * * * * * * * * * * * * :+"* Begin l)rocess i llg :.t:, ".I<,, • :+:.:1::.t:t::+::P.:+::1::+::t":t::+:I::t'.,, :+:* :t:t: :f::t::P,

xreslll yresl411 zren1451
Rea¢ling Mesh File

Filler Mesh Data IFilter 1]
Reading fnlme : 25

. Processirlg frame : 25
Wriiing frame: 25

• We now have lhe file sliceO I.ras, which may be displayed with xtras:

xtras sliceO l.ras

This concludes our example of the TSAR EM modeling package. There ar_.'many other
options available, but it is hoped that this will allow a new user to get started.
Experimenting with other selections should be less daunting now that the user has set up
and run at least one TSAR problem.

41






