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I. INTRODUCTION

The purpose of this document Is two-fold. First, it serves as a de-

tailed introduction to the General Electromagnetic Model for the Analysis of

Complex Systems (GEMACS) . Secondly, Its format and presentation of

figures are such that It can serve as a teaching guide and source of

Vugraph slides. With this in mind a detailed sample problem Is presented

and continua lly referred to throughout the report. The geometry of the

problem is shown in Figure 1.

It is assumed that this geometry represents the roof of a communications

hu ... Inside the hut are located a transmitter and a receiver operating at

two different frequencies. The concern Is centered around the Interference

in the receiver caused by radiated energy from the transmitter. Two anten-

nas are colloca ted on the top 0f the hut and are shown as dots in Figure 1.

It Is not the intention of this report to present, derive or j ustify

the basic theory on which GEMACS is based , nor is the st-ucture or make-up

of the code itsel f discussed . The intention is to show how the user inter-

faces with GEMACS. What are the kinds and quantity of input data ; what are

the corinands and the language of GEMACS? What are the data available from

a GEtIACS analysis; what form do they take; and , what do the data tell the

user?

Section II gives a very brief theoretical background of the method of

moments (14011) pointing out the l imi tations of many existing codes Impl ementing

this formulation. Section III shows how GEMACS reduces the impact of

these limitations . This will be followed by a discussion of the language

of GE MACS , the use of the lan~iage being illustrated by examples taken from

• 1— 1
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the analysis of the sample problem. Section VI describes the output

provided by GEMACS. Section VII describes an alternate solution capability

built into GEMACS - a conventional full matrix solution formulation. Sec-

tions VIII and IX show how GEMACS Is used to analyze scattering problems

and how GEMACS may be used to perform parametric studies of a system being

designed . The Appendix presents the total computer output from an analysis

of the sample problem diagramed in Figure 1.

1-~ 
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II. BRIEF THEORETICAL BACKGROUND

GEMACS Is based on the Method of Moments (MOM) formulation for the

solution of Maxwel l ’s equations. Thi s formulation has been extensively

wri tten in readi ly available open literature. Most of this deals with

the more specialized topics. References which give the basic derivation

of the MOM algori thms are listed in Section X 11 - 3].

GEPACS Is a thin-wire code which means that the geometry is re-

presented by a set of wires whose radii should generally be less than

one-tenth of the subsection length. As a rule , subsection lengths

should be one-tenth of a wavelength or less at the desired frequency.

Somewhat longer subsections may be used on long wires with no abrupt

changes while shorter lengths, one-twentieth ~f a wavelength or less, may

be required in modeling the critical regions of an antenna (e.g., the feed

region).

However , extremely small subsection lengths and wire radii should be
• avoided. Approximate minima are 0.001 and 0.00001 wavelength, respectively.

These are dependent on the accuracy and word size of the computer.

In addi tion , the lengths of adjacent subsections should not vary by

a ra tio greater than two. This Is especially important at the junctions of

several wires. This is necessary since the code uses a~ interpolation

scheme to represent the current variation over each segment , and rapidly

changing lengths for adjacent subsections may res~l t  In unrealistic distri-

butions of current .

The radii of adjacent subsections should also be of comparable size.

Thi s is in line with the physical geometry as well as allowing for a

k

2-1
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smoother interpolation of the boundary conditions, which are applied at

the surfaces of the conductors .

Finally, an actual wi re in the system should he modeled wi th its actual

radius . This is consistent with the concept of modeling the system in a

manner as true-to-life as possible.

If the geometry cons ists of a surface or a solid sheet of conducting

material , then the surface is represented by a wi re grid of thin wi res .

This can be pictured as modeling the surface by window screen. Grid models

should use a wire radius of one-fiftieth of the segment length . In addition , - -

gri d mesh circumferences should not great ly exceed one-half of a wavelength .

Larger circumferences could qenerate loop resonances which do not exist in

the physical system.

In all cases segments wi th lengths differing by more than a factor of

two should not be joined. Angles smaller than about twenty degrees between

j oined segments should also be avoided . (injoined segments should be

separated by at least the maximum diameter of any of the subsections.

These guidelines are summarized in Figure 2.

Usinn the guidelines that have been specified on the problem that has

been postulated resul ts in the wire model shown in Figure 3. Each subsection

is either a quarter or an eighth of a wavel enoth in length . In the re~iion

around the antennas the length around each loop of the mesh is one-half of

a wa velenc~th. The surface is thus made up of 70€ subsections. The dots

represent the locations of the two antennas. These are subsectioned as shown

In Figure 4 . It Is assumed that one antenna is a ouarter-wave monopole at

the frequency of interest, and the second is a ,nonopole three-quarters of

a wavelength long.

2-?
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• GENERAL

• JOIN SIMILAR SUBSECTIONS WITH LENGTHS AND RADII
• AVOID SMALL ANGLES
• SEPARATE UNJOINED SEGMENTS BY SUBSECTION DIAMETER

•WIRES

• LENGTH LESS THAN 0.1 WAVELENGTH
• RADIUS LESS THAN 0.1 LENGTH

• USE RADIUS OF ACTUAL WIRES
• AVOID VERY SHORT, VERY THIN SUBSECTIONS

• SURFACES

• WIRE RADIUS LESS THAN 002 LENGTH
• MESH CIRCUMFERENCE LESS THAN 0.5 WAVELENGTH

SUBSECTIONING GUIDELINES

FIGURE 2
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• iNDICATES ANTENNA LOCATIONS
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FIGURE 3. PLATE WIRE GRID
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The first antenna is modeled with two subse:tions , and the second is

modeled with six segments. One vol t is applied to the bottom subsection of

the first antenna, and a fifty-ohm load is attached to the bottom of the

second antenna . Note that each segment has a length of one-eighth of a

wavelength . It is further postulated that they both have an identical

radius of 0.00194 wavelength. Thus each subsection has a length around

one-tenth of a wavelength , and the radius of a subsection is less than

one-tenth the length.

One final point to note in Figure 3 is that the antennas are located

so that the bottom segment of the antenna is connected to an intersection

of the wire grid representing the surface. If it were not done th is way,
the currents on the antennas would have no way of coupl ing to the

ground plane in the model .

The MOM formulation results in a matrix equation of the form shown in

Figure 5. Here the Z-matrix represents the interaction between subsections,

and its elements are a function of the electrical distance between pairs

of subsections. There are N by N such elements, where N is the number of

subsections used to model the geometry. In this case N is 714. The

I-ma trix is a column vector, each element heina the unknown ampl itude

of current on each subsection. This is an N by one matrix. The (-matrix

i s also a column vector , each element of which is the ampl itude of the

electric field across each subsection. This is also an N by one matrix.

In this equation the elements of the I-matrix are to be calculated

knowing the geometry and having specified a particular excitation. This

can be done using either a matrix inversion and multiplication process

or some form of elimination and iteration scheme. In either case, the

2-5
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FIGURE 4. ANTENNA SUBSECTIONING -
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[z][i]= [E] 

-

= ELECTRIC FIELD ON SUBSECTION i DUE TO A CURRENT
OF UNIT AMPLITUDE ON SUBSECTION .i

= CURRENT ON SUBSECTION I

E~ = FIELD ON SUBSECTION .i

MOM MATRIX EQUATION
FIGURE 5
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process of f i l ling the interaction matrix and solving for the currents

is an expensive one. Computer storage is also a problem, the example re-

quiring approximately one million computer words .

It will be wel l at this point to list the limitations and assumptions

that wi ll be built into a GEMACS analysis. These are shown in Figure 6.

As GEMACS now exists the geometry is modeled as a wire screen approximation

to the actual surface. The currents in the model exist only on the axis

of the wires in the gri d, whereas physical ly they are spread over the entire

- f area of the surface.

It follows then that since the current exists only on the axis of the wire,

there is no azimuthal variation of the current around the circumference of

the wire, as would exist physically on the antennas. As an example of

this point , consider two wi res located near each other such that the separation

between them is less than a wavelength. Depending on whether the currents

in the wires flow in the same direction or in opposite directions , there

will be a spreading or a concentrat ion of longitudinal current on the surface

of the wires between the wires, with the opposite phenomenon occuring on the

opposite side of the respective wires. Thus, there would exist an azimuthal

variation of the l ongitudinal current around the wires.

Al so because of the assumed concentration of the current on the axis

of the wires there is no ra di al component of curren t fl ow wi thin the wi re.

This has significance in the generation of near-field phenomena at the ends

of the wire.

Antenna sources are generally modeled as a delta voltage source placed

across a subsection. This may have no counterpart whatsoever in the physical

situation. Moreover, the size of the gap in the model usually does not



— 

I

ACTUAL GEOMETRY REPRESENTED BY THIN WIRES
CURRENT EXISTS ONLY ON WIRE AXIS
NO AZIMUTHAL VARIATION OF CURRENT
NO RADIAL COMPONENT OF CURRENT
ANTENNA SOURCES ARE GAP MODELS
CURRENTS DETERMINED ONLY AT POINTS

SYSTEM LIMITED IN SIZE
H - 

- PERFECT CONDUCTORS
EXTERNAL PROBLEMS

MOM ASSUMPTIONS & LIMITATIONS
FIGURE 6
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bear any relation to the size of the gap in the physical antenna. The

gap in the model is usually the same size as the length of the adjacent

subsections, since one of the modeling rules of thumb is to avoid large ratios

In the relative lengths of adjacent subsections.

The current on a subsection is computed at the center of the segment,

and the variation over the wire Is determined by interpolation between

adjacent centers , as discussed previously.

Even though all these assumptions are built into a GEMACS analysis ,

or a MOM analysis In general , good correlation exists between measured

data and predicted data, and between other analytical results and the data

obtained by using GEMACS [4 - 8).

MOM analyses have been limited to small systems, those that can be

represented by 300 subsections or less. Electrically, this roughly

corresponds to a size of 30 wavelengths of wires or a surface with an area

~f one square wavelength. This has not been due to a limi tation of the

theory or the technique, but has been brought about by the computer re-

sources needed to perfo rm a MOM anal ysis. The computer core storage goes up

as N ; an d the solu tion time increases as N , where N Is aga in the number of

subsections.

All the comonly used codes assume that the material of which

the system Is composed is perfectly conductina. Brute-force techniques

can be used to get around this limitation , but they put a heavy burden on

the user. Alternate solutions are beinq pursued at RADC and will be

incl uded in future versions of GEMACS .

Finally, the MOM wire grid model can be used only to solve the

external problem. Problems that cannot be treated with confidence

2-10
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incl ude coupl ing through apertures In the skin of the structure and coupling

between antennas located on opposite sides of the structure. Since the

structure is modeled by a wi re grid , electromagnetic energy will “leak

through’ the mesh in the model , thus resulting in a form of aperture

coupling. For the antenna coupling problem, energy will go directly through

the body In addition to going around on the surface. Thus, the cou pl in g

will be greater than if the surface were rodeled as a solid. A solid

surface model will be shortly implemented into the GEMACS code to eliminate

these present limitations.

With thi s brief background it is now time to examine , again briefly, how

GEIACS attempts to relieve the problem of large computer resources being

required to perform an analysis on a large problem.

U
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III. GEMACS

- . As prev iousl y men tioned , the MOM formulat ion resul ts in a matrix

equatipn which is sol ved to obtain the current distribution on the struc-

ture. The solution is usual ly obta ined by matrix inversion or some

elimi nation technique. The drawback is the time required to accomplish

the solution.

GEMACS gets around this problem to a certain extent by employing

what is called the Banded Matrix Iteration (BMI ) technique [9]. The

equations are shown in Figure 7.

To start with, recall that the 7-matrix elements correspond to inter-

actions between wi re subsections . The interactions decrease wi th increas-

ing distance between the subsections . As will be shown later, the

segments can be numbered such that the difference between subsecti on num-

bers for all close-neighboring segment pairs is small compared to N. The

largest matrix elements can then be kept close to the principa l diagonal

of the interaction matrix, shown dotted in Figure 7.

The first equation on Figure 7 Is the basic matrix equation to be

solved, relating the field on the subsections to the currents on the sub-

sections by the interaction matrix. The interaction matrix is then

sepa rated into three matrices as shown in the second equation in the

figure. Here B is called a banded matrix with lower and upper bandwidths

M. That is, M is the number of minor diagonals on either side of the

main diagonal . L and U contain the remaining elements of the interaction

matrix and are called the lower and upper matrices, respectively. They

are both triangular matrices.
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These two equations can be combined, after some minor manipulation , to

result in the third equation shown in Figure 7. - An iterative scheme

is shown in the first equation In Figure 8, where I~ denotes an approximation

to the solution at the jth Iteration; and I~4~ is an approximation to

the solution at the following iteration. Some starting value I
~ 

(usually

zero) is chosen, and Il is computed from this equation. Then I~ is entered

on the right-hand side, and 12 Is computed. If the sequence converges, then

an approximate solution to the original matrix equation is obtained .

Thi s equation must be solved at each Iteration. The cost Is minimized

by decomposing B Into a product of lower and upper triangular matrices.

Then the first equation in Figure 8 Is solved by forward elimination , as

shown in the second equation in the figure. Fir”lly, th is is followe d

by a back substitution, as shown in the third equation in Figure 8.

Note that the decomposition of the banded matrix is similar to the

full matrix decomposition, except that the cost is much less since this is

a matrix in which many of the elements are zero. The cost for the 4

iterative solution process is shown in the last equation in Figure 8, where

K is the number of Iterations, N Is the rank of the interaction matrix

and M is the bandwidth chosen. Note that the best general method for the

solution of the matrix equation requires N3/3 operations. In GEMACS the

user must make a trade—off between the number of iterations and the bandwidth .

The larger the bandwidth , the smaller the number of iterations and vice

versa. No rules of thumb exist for-the general case to optimize the cost

of solving the matrix equation. However, it is apparent that one should

choose a large bandwidth . This is so slnce ’a larger bandwidth provides

lower Initial errors and faster convergence rates . If the user picks a

3-3



~~r— -  
- - - —--—-- - -  —- —-

~~
—-- — --—— - -- —-—----——----------- —

B 11+1 
= E— (  L-~ U) I~

BLYJ 
=

B~I~+, = Y1

cos t NM2-2M~’3+KN
2

I TE RA T ION SOLUTION EQUATION S

j FIGURE 8.

____________________ _ _ _ _ _ _ _ _ _ _ _



~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---

~~~~~

—

~~~~~

—

~~~~~~~~~~~~~~

bandwidth too small , slow convergence and low efficIency with respect to

the Gauss-Jordan elimination technique will result. Restarting wi th a

larger bandwidth might provide a higher overall efficiency, even wi th the

cost of the aborted run included . This topic is discussed in the 8DM

Interim reports (4-8) , especially RADC-TR-75-272 [6] .

So much for what the problem is, and how and why GEMACS sol ves the

problem. What is GEMACS , at least in its overall concepts? Basically,

GEMACS is a ma inframe data handl er, whose main purpose is to store data

and present data in a place where they are needed and in a format required by

some operational routine. In this respect it can be used in many problems

that result in large amounts of data, such data being used many times over.

A functional breakdown of the GEMACS structure is shown in Figure 9.

The GEMACS executive routines control the Interface of the code with the

host computer and perform three basic functions: Input/output to peripheral

files, taking checkpoints and restarting from these checkpoints ; and the

compi ation of statistical information, which can be used to pinpoint

areas for further code refinement.

The Input language , task execution and run termination processors

simply read the user ’s data deck , call appropriate subprocessors based

on the user ’s commands and terminate the analysis, respect ively. Within

these two unper level s in Figure 9 are all of the file handling capabilities

built into GEMACS. With a proper interface for the new subprocessors

under the task execution processor , these new subprocessors can change

the field analysis technique or even apply the mainframe to a different

type of problem completely, such as the dynamic load analysis of some

structure.
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The geometry processor generates the aeometry to be analyzed

by interpreting the user geometry input commands. The Interaction matrix

processor generates the elements of the interaction matrix for the fre-

quency and geometry specified by the user. The excitation processor gen-

erates the elements of the vector on the right-hand side of the MOM ma-

trix equation. The load processor modifies the interaction matrix to take

into account the presence 0f loads on the wires or the presence of

imperfectly conducting materials. The matri x solution processor solves

the MOM matri x equation for the currents on the structure. The output

processor calculates such quantities as the near- and far-field patterns

and terminal impedance for antennas or the backscattering from the structure.

The direct manipul ation processor sets such variables as the maximum

CPU time allowed for the analysis, the number of files in the system

• availabl e to the code , the frequency of the analysis and the electrical

character isitics of the ground (if present). It also performs arithmetic

operations , such as modifying the frequency by some factor , a feature which

is usefu l when a loop is being built into the command stream. This is

il lustrated by exampl es in Section IX.

Wha t is the impact of al l this to the user? This modular con-

struction has severa l important advantages that he should be aware of

at the start. First , and most obvious, is that one can plug In any tech-

nique which has a proper interface or driver to transfer data between the

implementing subroutine and the mainframe. This is much like the use of

magnetic cards for programs on personal calculators . It is therefore possible

to have a complete set of techniques stored in separate files . But the
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big difference is that communIcation with all these techniques Is in one

common language. There is no need to remember several different sets of in-

put formats, or lim it oneself to one specialized code.

A wealth of debug features are built into the code to aid In the exe-

cution of an analysis or to aid in the Integration of new analysis tools.

An explanation of the debug messages accompanies the code documentation

suppl ied with GEMACS.

GEMACS has a checkpoint/restart capability within the code. This means

that long analyses can be stopped and started in case the computer should

• go down or in case there is a need to change the command stream, as , for

exampl e, in the case in which the bandwidth of the banded matrix needs to be

changed to decrease solution time or the number of iterations . This

feature of restarting the same analysis several times can be used to schedule

the analysis such that it Is accomplished at hours in which the computer load

Is a minimum.

Finally, and highly significant , is the fact that GEMACS is tied

into the Air Force Intrasystem Analysis Program (lAP). This means that it

will have the full support of the Air Force, to provide aid in the loading ,

use and main tenance of the code, additions to the capability of the code,

updates to eliminate any bugs that may be in the code; and a common language

among all users of the code.

This then has been a very brief Introduction to the problem and a

technique to solve this problem. A quick run-down on the structure of

GEMACS and the advantages of its use to the user have also been given. It

is now time to get acquainted wi th the language of GEMACS and to

see how the example problem would be solved using GEMACS.
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IV GEMACS GEOMETRY LMt~JAGE

The function of the geometry processor shown in the block diagram
of Figure 9 is to translate the user’s Input regarding the geometry into a

data set which may then be operated on by the Interaction matrix generator
to generate the interaction matrix for the structure under analysis.

The geometry processor is entered when the (~IDATA command Is encountered

in the command language stream (see Section V.C ) .

The basic elenents for GEMACS are points and line segments . These
in tu rn may belong to 1a~ger groups with a given name, such as WING or

PLATE. Any reference to this given name will also ref~rence all the points
and segments within that group. In addition, line segments may also be

identif led as a group by having the same tag number. Thus, all the

segments belonging to the wi ng may have a tag number “six ” and amy be

referenced as a group by specifying a tag of six instead of using the label

WING. Another use, as shown later, would be to give all segments loaded

by the same Impedance an Identical tag number. This will obviate the need

for multiple load commands. The same is true for excited segments.

The subsection may thus be identified by either a segment number or

a tag number. The difference Is that the first is unique In the model

while the second may be shared by any number (or all) of the subsections

wi thin the geometry model.

The following basic conventions must be observed when the geometry

deck is being built. The first nonblank item (not necessarily the first

two columns) of the card must be a two-letter alpha code. Then the data

following this type code must be separated Into items by either a comma

4-1
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or a blank . Blanks within items are not allowed , as the data would
the n be interpreted as two separate pieces of Information when in fact
only one was meant.

If a dollar sign ($) is encountered on a card, the data following are

treated as a comment and are ignored for further processing. Also , keep

in mind that should a comment be used on a card, a blank must separate

the dollar sign from the last piece of geometric input. A dollar sign as

the first nonbl ank character on a card will cause the entire card to be

treated as a comment card, and the data on that card will be ignored

for further processing. Comments are useful when a second party is
using the deck. This allows easy Interpretation of what Is being done
with each command.

Data for the same geometry command may appear on more than one card.
This is accomplished through the use of continuation cards. A continua-

tion card is indicated by the presence of an asterisk (*) in column one
of each succeeding card . There is no limit to the number of continuation
cards that may be used , providing that no more than 256 pieces of data are
associated wi th any single conmiand. About the only command that this will
occur in, as will be seen, is the renumber (RN) command (IV.E).

- 

- 

The general form of the commands is shown In Figure 10. In this figure

TYPE is one of the mnemonic codes in Figure 11; and P1 , P2, etc. are the

ordered parameter items required for the processing of the command . As

shown in the figure they are separated by comas or by blanks. Note that

the order of the appearance of the data items Is fixed , and any variation

-- 
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1. GENERAL COMMANDS

CS RA
END SC

2. SUBSECTION GENERATION

CP PT
MP WR

3, ELEMENT GENERATION

AT DE
- CE DF

4. MACROGENERATORS

RF
RI
XL

5. RENUMBER

RN

FIGURE 11. GEOMETRY GENERATION GROUPING
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will cause an abort of the analysis or an incorrect representation of the
geometry.

FInally, some of the commands have items which may be defaulted.

These are pointed out in the discussion, and their existence is Indicated

by the use of brackets [ ] in the figures . In general , for a command —

of the form shown in Figure 10 in which P3, P4 and P5 may be defaulted,

it must be kept in mind that the defaults can be achieved only from right

to left . For example, to default P5, both P3 and P4 must be specified.

To default P4, only P3 needs to be specified, while P5 must assume its

default value. When one or more parameters are to be defaulted, then

all Items to their right must also be defaulted. As a final example

assume that it is desired to default P3. Then both P4 and P5 must also

be defaulted . If P4 must be specified, then a val ue for P3 must be

also input. If a value for P5 must be given, then both P3 and P4

must be input.

The geometry commands may be arbitrarily grouped into five categories
as shown in Figure 11. The general commands essentially set what may

be called the global parameters of the problem. They are defined in the

beginning of the geometry deck and referenced thereafter. The only

exception is the END card, which Is the last card of the deck and indicates

to the geometry processor that It now has processed all of the input cards
- 

relating to the geometry.

The basic units of geometry are points and subsections and these are
• defined by the commands of group two. Large units can be built from these

4—5
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points and lines by defInIng and combining elements using the coimnands of
group three. These units may be generated quite easily by the use of the
refl ect, rotate and translate commands of group four.

The renumber command can be used to resequence the numbering of the
subsections. Thus , the geometry may be entered In any convenient manner
and then very simply be resequenced In order to rearrange the Interaction
matrIx in preparation for use of the SM! solution technique. Examples of
this will be shown during the discussion of the renumber command.
A. General Commands

The four commands within this group perform the following functions :
1. Define all coordinate systems (CS)

2. Set up a radius table for all subsections (RA) V

3. Scale the geometry data to meters (SC)

4. Define the end of the data deck (END).
The first two commands will always be located at the beginning of the geo-

metry data deck. The SCALE command appears before a deck Of cards with

consIstent units which are not meters . If a deck of cards then follows
with a different set of units , this latter deck must be preceded by an
appropriate SCALE command. The END command is the last card of the geometry
deck at all times .

Figure 12 again shows the wire grid model of the top of the hut.

Al so shown outl ined is an area of finer mesh which will be defined in a

separate coordinate system. Figure 13 shows the general format for the

Coordinate System (CS) specification command, as well as specific examples
suitable for the coupling problem. The mnemonic CS identifies this
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FIGURE 12. COORDINATE SYSTEM DEFINITIONS
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I
as a coordInate system specification command. The parameter NCS is a
unique Integer identifier of the coordinate system being defined. In this
example the value “two” has been chosen for the fine mesh area. The
parameters XC , YC end ZC are the (x , y, z) coordinates of the global
coordinate system at which the origin of this local coordinate system is to
be loca ted. As seen from fIgure 12 XC~O.O , YC O.3 and ZC O.2, where the
units are In meters. The final set of parameters RX , RY and RZ are the
rotation angles in degrees about the global coordInate sys tem X , Y , and Z

V axes . An example of this can be seen on page 61 of the user ’s manual [10)

for GEMACS. Note that for this command none of these parameters may be
defaulted.

It should be noted that when more than one coordinate system is present,

even the global system should be given an integer identifier. This is due
• to the fact that, as wi ll be seen, the coordinate system parameter on

- 
all other commands can be defaulted, but the default will not .be to the
global system. It will be to the last previous coordinate system refer-

V 

enced. Therefore, the first example in Figure 13 identIfies the global
coordinate system as system number one. All the parameters with the excep-

V tion of NCS are zero.

The only time the global coordinate system is not labeled Is when
all of the geometry will be defined in a single coordinate system.

- The Radius (RA ) specification co.mnand sets up an internal table which

- 
contains the radius In meters of each of the subsections used in the analy-

sis. This means that the user needs to specify each different radius

V only once and then references these radii by their position in the radius



-V

-S.,

command card. Up to ten different radii may be specified.
Figure 14 shows the general form of the command. The letters RA

identify this as the radius specification command. The symbols Ri through V

Rn represent the different radii that will be used In defining the
geometry. For the example only one radius Is being used and that is equal
to 0.000776 meters. Examples of references to the -radius table wIll be

shown during the discussion of other commands. Note that there are no

default parameters for this command.

The Scale (SC) specification command allows the user to input the
geometry data in any convenient set of units and then modify these data
by a scale factor to convert the units of length to meters. If all data

V 

are input in meters, then this command Is not needed at all. Conversely,

If this command Is not present, GEMACS will assume that the input data

are in meters.

The general format for this command and a specific example are shown

in Figure 15. Note that the example is fictitious and not related to
the problem being used as an example. The mnemonic SC identifIes the

coninand type. The parameter may be defaulted (with a default of one).
This would ind icate that the following geometry data are in meters.

When this command is used , a double option Is available. First, a

conversion factor, that is, a scale value, may be specIfied which would

convert the input units to meters. Second, for the convenIence of the user

conversion factors for units of feet (Fl), Inches (j~) and centimeters (~j)

are provIded within GEMACS. Then it is necessary to Input only the proper

two letter code appl icable te the units being used.

-
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RA Ri R2 R3 “ R N

RA 0.000776

- FIGURE 14. RADIUS SPECIFICATION COMMAND
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The ex ample shown in Figure 15 demonstrates the use of this command.
Assume that the fine mesh of Figure 12 is dimensioned in centimeters , while

V the coarse mesh has units of feet. (Keep in mind that thIs is not the
case for this problem. All dimensions are in meters in the problem.)

Then , the card “SC CM” would be placed before the geometry input relating
to the fine mesh part of the structure . Later, when the coarse mesh model
Is being input, the card “SC Fl” would appear just before the data generating
this coarse-mesh wi re grid.

As an example of using the default option suppose that the fine mesh
data were in units of centImeters and the coarse mesh data were in units

of meters . The first scal e card would read “SC CM” while the second
would just read “SC”. The second card would be needed, since , If i t  were

not present , then GEMACS would consider the coarse mesh data to be in

centimeters also.

The final general card is the last card to appear in the geometry

data input deck. This is the END command. It signals the geometry

processor to stop reading input since no more geometry commands exist.
I 

- 
There is one further point to note regarding this card . The user

does not need the dollar sign to delineate the presence of a comment in

the command. Figure 16 shows the general format of the command as well

as a specific exampl e showing how the end of the geometry Input data is

typically identified.

B. Subsection Generation

One of the key points in the MOM technique is the interaction between

subsections or segments . In GEMACS the physical structure is divided

t
4—13
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END

END OF GEOMETRY HUTTOP

FIGURE 16. END OF GEOMETRY COMMAND
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up into a number of these subsections . There are two basic ways of

generating these subsections . One way is by a combination of point
generation (PT), connect point (CP) and multiple point connection (NP)
commands. The second way is to generate subsectIons Individual ly or as
wi res wi th a specified number of equal-length subsections using the wire
input (WR) command. Each of these will be discussed in turn, using examples
that could appear In the Input deck for the example problem.

The Point (PT) specification command is probably the most funda-
mental geometry card, although It Is seldom used since the other commands
are more efficient for generating the geometry. The general form is

shown in Figure 17. The code PT identifies the type of the command. The
parameter NPT Is an integer identifier of the point. Note that this

[ must be an unique Identifier In the global sense. That is, when a point is

given a number, no other point, even if it is in a different coordinate

system, can have that same identIfier. The reason Is that GEMACS eventually

translates all points into the global coordinate system. The parameters
V 

X ,Y,Z locate the point within the coordinate system specified by the

parameters NCS.

Care must be exercised when using the default option if more than one

coordinate system is specified. As pointed out previously, GEMACS will

default to the last coordinate system specified on any command and 
~~ 

to
V 

the global coordinate system. This further implies that the first command

in a sequence that references a particular coordinate system must not

have a default for the NCS field. All subsequent commands referring to

4—15
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PT NPT X Y Z [NCSI

PT 1 0,0 0,0 0,0 1 (FicTiT ious)
PT 2 0,0 0,0 0,0 2 (FicTiT ious)

FIGURE 17, POINT SPECIFICATION COMMAND
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this same coordinate system may however exercise the default option until a
point in some other system Is generated. This new coordinate sys tem must be
identif led in this latter command.

Two examples are shown In Figure 17, each of which specifies a point

at the origin of each coordinate system defined In Figure 13. Again ,

these examples are labeled as fictitious since In the sample input deck

the wire specification command is used rather than the point coninand.

All the intersections of the wire grid model shown in Figure 12 could
be specified by points using the point specification command. The sub-

sections joining these points would then be generated using either a

V 
Connect Points (CP) command or a multiple point connection (MP) command.

The connect points command is shown in Figure 18 along with a fictitious

example. It is used to generate a specified number of subsections with

a specified tag Identifier and radius between two previously defined points.

Note that these points need not be located in the same coordinate system.

The mnemonic CP identifies this as the connect points command. The

parameters Ni and N2 are the integer identifiers of the first and second

V 

points, respectively. Note that the wi re connecting these points is a

directed line segment wi th a reference direction going from point 1 to

point 2. The positive and negative signs on the computed currents (pages A—42

to A-47 ) indicate whether the current is flowing in the direction of the

line segment or against it, respectively.

• The last three parameters may be defaulted. Here again they will

each default to the last corresponding value specified on any previous

command. The value of the parameter NSEG is the number of subsections

:~~~~~ ~~~~~~~~~~~~~
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CP Ni N2 [NSEGJ [NTAG] [N~ 3

RA 0.001 0,05 0,015 0,0001
PT 1 0.0 0.0 10
PT 2 0.0 0.0 0.0
C P 1 2  2 1 3

(FICTITIOUS)
z

1 (0, 0, 1)

1 2 (0, 0,0)

FIGURE 18. CONNECT POINTS COMMAND . -
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or segments into which the wi re connecting Nl and N2 is to be divided.
NTAG would be the tag identifier of each of the subsections on the wire.
The value of NRA D is the location number of the appropriate radius for

this wire in the list of radii given in the radius (RA) command.
The example shown in Figure 18 illustrates what could be the first

four cards of a geometry input deck. This is again a fIctitious example

with respect to the sample problem. The radius table contains four en-
trIes. The second and third cards would define the two points that are to

be connected. The fourth card is the connect points command. It
V 

specifies that points one and two are to be connected by a wire that is

to be subdivided into two subsections, each subsection having a tag

identifier of one. The radius of the wire Is found as the third entry In

the list given in the radius (RA) command, or fifteen-thousandths of a meter.

The result of thIs operation is shown in the diagram in Figure 18.

The figure also illustrates how GEMACS will number the subsections

that are generated by the various geometry commands. As pointed out
V 

previously, the line Is directed from point Ni to point N2 by the order
of the points given in the connect points command. Therefore, the two

subsections that are generated will be numbered in sequence along the

wire from one to two. That is , segment one will extend from point one

to the midpoint of the wire. Then segment two will extend from the mId-

point of the wire to point two. These segment numbers are shown in the

circles in the diagram in FIgure 18.
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A generalization of the connect points operation Is to connect a

series of points. This is accomplished by the Multiple Point (NP)

connection command shown in Figure 19. In this case the points to be

connected are joined by a single unbroken line, but the line may have

any number of bends. The command requires , however, that each wi re be-

tween each pair of points be subdivided Into an equal number of subsections .

That Is, if three points are to be connected by two wi res, the wire

between pair one to have three segments and the wi re between pair two to

have four segments, then two separate commands would be needed since one of

the parameters In this command Is a single entry for the number of sub-

sections into which each wire is divided .

Looking at the command in detail, it is seen that MP Is the two-letter

mnemonic for this operation. The val ue for NPTS is the number of points

that are to be connected. In the command there must be present this number

of point integer identifiers. For example, If points one through four

are to be connected, then NPTS would be four; and this would be followed

by the integer identifiers of each of those four points, given in the order

in which the points are to be connected together. As explained previously

and will be shown in an example, the order in which the pairs of points

are connected will determine the numbering of the subsections .

The values for NP1 through NPNPTS would be the Integer identifiers

of the points that are to be connected together during the operation

initiated by this command.
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The fina l three parameters In this command are the number of subsections

between each pair of points , the tag identifier associated with each sub-

section and the radius of the wires connecting the points. Note, again ,

that the wires between each pair of points will be divided into identical

numbers of subsections ; and each subsection will have the same tag iden-

tifier and the same radius.
V Ac in the connect points command each of the last three parameters

may be defaulted . The default value would be the last previous entry

of the respective parameter on any previous command .

Figure 19 shows an exampl e of the use of this command . Assume that

six points have already been defined using the point specification command

and that the radius table has been established. The example command states

that five points are to be connected together in the order one to two, two

to three, three to four and four to six. Each connecting wire will have

one subsection , a tag of one and a radius equal to the value of the first

entry In the radius table. The resulting subsections and their subsection

numbers (in ci rcles ) are shown In the diagram in Figure 19.

Note that points four and five cannot be connected together using this

command as it stands. A separate command would be needed to generate a

wire between these points. An alternate approach would be to connect points
one to five together using a multiple points connect command, followed

by a separa te command to connect points four and six.

This then completes the discussion of one way of generating wires

and subsections within GEMACS. It is a two-step process, first defining 
V
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the points and then connecting the points. It Is not the recommended proce-

dure, and it should be used only sparingly. What is perhaps the most funda-

mental command contained in the GEMACS geometry language will now be
described.

The fonnat for the Wire (WR) input command is shown in Figure 20.

The use of this command is the preferred method to input wi re segment data
into GEMACS. Study of the inpu t data deck for the solution of the

sample problem (pages A-12 to A-13 ) will show that it Is the only method
used to Initially define wire subsections.

The mnemonic WR signifies that this is the wire input command. The

values of Xl , Yl and Zi are the coordinates of the first end of the

wire. This is what has been called point 1 in the connect points (CP)

command. The values of X2, Y2 and Z2 are the coordinates of the second

end of the wire, or point 2.

The next three parameters again specify the number of equal length
subsections into which the wire will be divided , the tag identifier

V of each of those subsections and the location in the radius table of the
radius of each of the subsections . As before , each of these parameters
may be defaulted , the default being to the last previous entry of the

respective parameter on any earlier comand .

The fina l parameter in this command is the specification of the

coordina te sys tem In which the points and the wire exist. In this case
both of the points must lie in the same coordinate system. It should be

H 
- 

noted that this is not necessary when the connect points (CP) command

-

, 
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is used . The difference is that the latter command references point
numbers (which are globally unique). In the wire input command only the

(x,y,z) coordinates of the endpoints of the wire are specified.

The coordinate system specification may be defaulted. Here again ,

as previously pointed out, care must be exercised when more than one

- coordinate system Is used in an analysis. As usual , the default will be
V 

to the last coordinate system specified on any previous command.

V 
Two examples are also shown in Figure 20. Each example consists

of two cards. Each paIr of cards will eventually be used to develop

the fine-mesh grid and the coarse-mesh grid , respectively. The results
V are shown as the dark lines in Figure 21.

A note of explanation regarding Figure 21 is appropriate at this point.

Recall from Figure 12 that the coarse-mesh model is defined in coordinate
V 

system number one. The coordinate designations at the left and at the

- bottom of figure 21 refer to this coordinate system. The fine-mesh model

Is defined In coordinate system number two. The coordinates on the top

and right in figure 21 refer to this coordinate system.

- Study of the first example in Figure 20 shows that the first card

generates a wi re extending In the 2-direction from 0.05 to 0.0 meters.

This has one segment and a tag of two. The radius is located in the first

entry of the radius table, and the wire is located in the second coor-
- 

dinate system.

• The second card generates a wire extending along the local V-axis

from 0.0 to 0.05. The rest of the values in this command are defaulted
V to those specIfied on the previous card. Note that all subsections lying

V 
4-25
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0.0 0.05

V  

— —0 . 0 5
0.2 ——-—--- l~~- 0.0
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P Y
(0,0,0) 0.1 0.3

FIGURE 21. WIRES GENERATED BY WIRE INPUT
COMMANDS OF FIGURE 20.
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In coordinate system number two will in the sample problem be given a tag
of two. This will aid the user later on when he reviews the geometry stored
in GEMACS.

The second example also consists of two cards . The first generates

a wire along the global Z-axis extending from 0.1 to 0.0. It has one
subsection, a tag of one and a radius located in the first entry of the

radius table. It Is located In coordinate system number one. Again , the

V 

tag number Is being used to Indicate in what coordinate system the wire lies.
The second card of this example generates a wire along the global

Y-axis extending from 0.0 to 0.1. Its remaining parameters are identical

to those of the first segment In this example.

This method of subsection generation is a one-step process. Four

commands were used to generate the four subsections . Specifying points and

then corwiecting them would have required eight coimnands.

An entire geometry could be generated by specifying each and every

subsection. However, for the example this would require more than 700 such
V 

commands. The geometry language provides other commands which allow one

to use thes. basic subsections as building blocks to generate larger struc-

tures using many fewer commands than 700. In the discussion of these corn-
V 

- mands it will be seen that some are used quite extensively in the generation

of a wire grid model for the top of the hut.
C. Element Generation

It was shown that one of the ways of grouping subsections having some

particular characteristic In common is by giving them all the same tag

4-27

__________

V — -V - - V -~~~--- -V ~~~~~~~~~~~ - V --



- -  - - --- ~~~~~~~ - V ~~~~~~~~~~~~~~~~~~~~~~
--- -

~~~~
V -
~~~~~~~ 

-_

number. A second technique of grouping is by identifying all of the
subsections as part of some ‘ defined element. ” That is, a specified
group of subsections is identified as “WING ” or “FINE” or COARSE ’ or

any other legal name chosen to identify that set. A legal name is an
identifier composed of six characters or less, a character being one of the
letters of the alphabet (A-Z) or one of the numerals (0-9). However , the
first character must be one of the letters of the alphabet (A-Z).

The generation of an element begins wi th a Define Element (DFI command, V

shown In Figure 22. As can be seen, It is a simpl e command consisting of -. I 
-

the mnemonic OF and the name of the element. Figure 22 also shows two

examples which are used in the solution of the sample problem.

V 
The define element comand is then followed by a deck of geometry corn-

mands which may include point specification and connection , wire input

and any of the macrogenerators to be discussed very shortly. All subsections

and points defined by these commands will become associated with this

V element and as such may be referenced by calling out the name of the ele-

ment. That Is, if any operation is performed on the element, then that

operation is performed on all the points and wires specified as being a

part of that element.

When all of the commands that are needed to define the geometry of the 
¶

element have been input into GEMACS , the set Is then closed by placing

a Define End iPE) command after the last geometry command of the element.

This command is shown in Figure 23. As can be seen it simply consists

of the mnemonic DE.
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DF NAME

OF GRID 1
H DF GRID2 V

FIGURE 22. DEFINE ELEMENT COMMAND

i

i
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DE

RA 0.000776
1W GRID 1
WR 0.0 0.0 0.05 0.0 0.0 0.0 1 2 1 2
WR 0.0 0.0 0.0 0.0 0.05 0.0
OF $GRID].

FIGURE 23. DEFINE END CO~1AND
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Note however , that a comment should be included to indicate what el ement

is being closed. In this case the dollar sign ($) is needed as well as the

blank after the mnemonic. Figure 23 shows an example of the definition
of an element. The result is the pair of lines shown darkened In the fine
mesh of Figure 21. The firs t card sets up the radius table. The second
card defines the element and gives it the name GRID1 . The third and fourth

cards are the same as those used in the first exampl e in Figure 20. The last
card in Figure 23 is the define end command with the comment that this
closes the group to be identified as GRID1 .

Two points should be kept in mind when using the define operation.

First, the define element operation may be nested. This is easiest to ex-

plain by using an example. The ficti tious example in Fi gure 24 starts off

V with a define element conmiand, label ing the element as “PLANE” . This is

H followed by a series of wire Input cards, which may define some part of the

aircraft. These cards are followed by another define element card with a

label of “WING” . The following wi re input cards would then define the
wing. Note that no define end command for the plane has as yet appeared.
The geometry for “WING” thus also becomes part of the geometry for “PLANE”.
Therefore, any reference to the label “PLANE” will affect all the sub-

sections belonging to “WING” also . Any reference to “WING” will only affect

the second set of wire input cards , but not the first set, which are a part
of “PLANE” .

The first  define end card applies to “WING” , and it closes that group

only. It does not close the group belonging to “PLANE” . Thus , the group
- 

- 

~
- “WING” is a nested defined element. Nesting can be carried to ten deep.
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OF PLANE
WR

WR

DF WING (F I C T I T I O U S )
WR

WR

DE $WING

DE $ PLANE

- -1 FIGURE 24. NESTED DEFINED ELEMENTS
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This is an example of nesting two-deep.

Other elements could be defined describing the tail, the vertical stabi-

lizer and so forth In the same manner. These would again be nested two-

deep with the group “PLANE” . A reference to “ TAIL” would not in any way
affect the group “WING” . Once a group Is closed , no new elements may

be added to that group.

The final define end command would close the group “PLANE”. Any refer-

ence to “PLANE” would therefore affect the groups “WING” , “TAIL” , and any
other subelements that were defined. The point is that closing nested

defined elements works from the innermost set outward. Each subelement

Is closed before the element to which it belongs is closed.

The second point Is Illustrated by the fictitious example shown in

Figure 25. The example again starts out by defining an element called
“PLANE” , described by WR commands. Then, an operation called translation

is performed on these wires. This command is explained in Section IV.D.

Briefly, what it does is generate a duplicate set of wires using the first set
V of wire input cards as a model . Notice , though, that up to this point the

V group “PLANE” has not been closed by a define end command. This example
shows that an element need not be completely defined before it can be
referenced on one of the macrogenerator commands.. A lso , keep In mind that the
group of subsections generated by the translate command will be affected
by any reference to the element “PLANE”.

t . Once elements have been defined, various operations may be performed

on the subsections comprising those elements by simply referring to the name
of the element. Two of these coiivnands belong to the class of element

4-33 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V.— -— _V
~~~~~~~~~ -V.

~~
V 



V V - V  V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I
I—

LU

LU

o
— LU
—
I— VC.) LU

>- 
V

LU V

LU
-J

- 0~
-

C._) V

-

i
i -

4 LU
-J LULU L)

0- LULI~ 
- -

0- LU

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 

‘

~~~~

- 
V

1
- V V V -

~~~~~~~~~~ 
-

-V- ~~V~V  —-V- ~- V—-V- V - ~~~~~~~~~~~~~~~~~~~~ V — -V
~

V
~

V •V-V  - - - - - -•--— — —-V -



_ _ _ _ _ _ _ _ _ _ _ _  — V V~~~~~~~~~~~ V~~~~~~ V — V -i -—-

generation commands. The first is the Attach (AT) command, Figure 26.

This command results in a group of points and/or subsections being relo-

cated at the origin of the coordinate system specified in this command.
This command Is useful when an element is defined in some local coordinate

• system; and it will be used on several different elements, each of which is

- 
defined in its own Individual coordinate system. Suppose , for example,
that the shape of an antenna has been defined in coordinate system one. 

V

It is to be located on the left  and right wings and left and right horizontal

stabilizers of an aircraft . Suppose further that each of the four aircraft
- sections was defined in its own coordinate system labeled two to five,

respectively. The impl ementing commands are shown in the example in

Figure 26.

From the figure it can be seen that AT is the mnemonic for the attach
• command. Either point identifiers (PT), tag identifiers (TG) or defined

elements (DF) may be referenced by specifying the number of the point or tag

or the name of the element. The final piece of data is the number of the

coordinate system Into which the group of points or wi res will be trans-

ferred. It cannot be defaulted In this command.

However, it must be remembered that the origin of the coordinate system
in which I

~ANTENAh is defined will be located at the origin of the coor-

V 
dlnate system specified in the attach command. Depending on the relative

V positions of the respective coordinate axes , there may result both trans-

V 
lation and rotation. Therefore, the origins of coordinate systems two

through five must be at the locations on the wings and stabilizers at which
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PT N
AT TG N NCS

OF NAME

AT DF ANTENA 2
AT DF ANTENA 3 - 

-

AT DF ANTENA 4 (FicT iT ious )

AT OF ANTENA 5

FIGURE 26. ATTACH COMMAND F

- i
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the antenna is to be located.

The final command in this group is the Combine Elements (CE) command 
V

in Figure 27. The sole purpose of thi s command Is to make referencing

elements easier for the user. When several elements such as “BODY” , “WING ”
V 

and “TAIL” have been defined , then this command may be used to lump their

groups under the element name ‘PLANE” . This would be an al ternative to

wha t was done in the example in Figure 24. The advantage of this technique

over that shown in the example in Figure 24 is that in the latter technique

all the elements and subelements must be defined in the same coordinate

system, which may not be convenient due to the complexity of the geometry.

The elements combi ned in the example in Figure 27 may be defined in their
own individual coordinate systems.

However , once the elements have been combined under one name, then

the individual elements can no longer be accessed under their indIvidual

names. In the example just cited , once the element “BODY” has been incor-

porated under the name “PLANE ” , then one cannot any longer refer to the

individual element “BODY” . However, using the method shown in Figure 24,

the Individual elements can still be individually accessed.

Looking at the command itself In Figure 27, it Is seen that CE is the

symbol for this command. Then, NAME1 -Is the name by which the resultant

group will be known. The remaining names given in the comand are the names

of the individual defined elements which are to be combined. In the example,

• “PLANE” will be the name of the resultant structure . “BODY” , “WING” and

“TAIL” will be the individually defined elements making up this structure.

The definition of elements finds its greatest utilization when the

geometry of the structure is being generated by the so-called macrogener-
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ators , the operations of reflection, rotation and translation. This last

command Is extremely useful when a wi re grid model of a structure is being
generated.

D. Macrogenerators

A macrogenerator Is a coninand whIch uses as input a specified group of
already defined subsections and generates one or more identical groups of
subsections by either reflection, rotation or translation.

Before beginning the discussion of these three commands the numbering

sequence of the points and lines should be described. Remember that when

points are defined by the point specification (PT) comand, the user speci-
fIes what the point number Is to be. When one of the macrogenerator commands

is used, the generation of additional points occurs . These new points wi ll
be ordered in the same sequence in which the original points were specified.

That is, suppose points one through five were defined and then reflected

• through some plane. Point six will be the image of point one, point seven

will result from point two, and so on; point ten being the image of point

five. If further individual points are going to be defined, then the user

must remember to start the numbering at eleven, since point numbers must

be globally unique.

V The same thing wIll happen wi th the numbering of subsections . Sub-
sections are automatically ordered in the sequence in which they are gener-
ated . This ordering was illustrated in the example of Figure 18. If
the points in the previous example were subsections , then subsection one
would image as subsection six with the same rel ative positions of negative
and positive ends.
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Subsections and points in the plane of reflection will also generate
colocated subsections and points with their individual identifiers. Thus, in
the example if point or subsection three were in the plane of reflection,
it would generate point or subsection eight , respectively. Since GEMACS
is generatIng these identically numbered points, it will flag these points
and Ignore their existence. The identical segments will be zeroed out
in all calculations involving the interaction matrix.

The first macrogenerator command to be discussed is the Reflect (RF)
command, which is shown in Figure 28. This command executes the symmetry

operation of reflecting through a plane normal to the axis specified. For - —

example , if the X-ax is is specified, then the plane of reflection is the Y-Z

V 
plane; and all (x,y,z) coordinates become (-x ,y,z) coordinates . Note that
since segments may be located in the plane of reflection, when a wire Is
located in the Y-Z plane, then a wire would be generated In the Y-Z plane

and be superimposed on the original wire. However, its existence would be
flagged as a duplicate wi re; and it would be ignored in all future calcula-
tions. The same Is of course true for points located in the plane of
ref lection.

As can be seen from Figure 28, the mnemonic for this command Is RF.
The points , subsections or defined elements to be refl ected are referenced

by their identifier for points or by the tag for subsections or by - their

name for defined elements. The symbol Al represents either the X-ax is, V

H V-axis or Z-axls depending on which plane the reflection is to occur
through first. If the X-axis Is specified, then reflection will be through

the Y-Z plane. If the V-axis is specified, refl ection will occur through
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RF Al A2 A3 
~ NCTAG1 LNCSI

DF NAME

RF TG 2 X Y 2 (FICTITIOUS)

FIGURE ~~~~~~~
,, REFLECT COMMAND
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the X—Z plane. If the Z-ax is is specified, reflection will occur through

the X-Y plane.

The symbol A2 represents the axis normal to the plane through which

the second reflection will occur. Similarly, A3 represents the axis

normal to the plane through which the third reflection will occur . For V

any one of these symbol s the Input would be X , V or Z. No axis designation

shall occur more than once. The order in which the axis designations appear

V will determine the order of the pl anes through which reflection will occur.

Finally, if the reflection operation is being performed on an element being

defined (that is, a reference to an incompletely defined element -

V Figure 25) , all subsections generated by the command will be associated with

the element being defined.

It shoul d be noted that although the number of planes of refl ection

may vary from one to three, none of the symbols Al , A2 or A3 Is shown as

one that can be defaulted . The code is set up such that only one or two V

axes can be Input wi thout hav ing to worry about including two or one default

values, respectively. This is shown in the example given in Figure 28.
The symbol INCTAG represents the tag increment parameter. The integer

input here will be added to the tag numbers specified on the subsections

that are to be reflected. Subsections generated by the firs t reflection

wil l  have tags incremented by the value of INCTAG. Subsections generated

by the second reflection will have tags incremented by twice the value of

INCTAG over the tag numbers of the original subsections . Subsections gener-

ated by the third reflection will have tag identifiers incremented by

four times the value of INCTAG over the tags of the original subsections.

- V 
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Note that the parameter INCTAG may be defaulted. The default value
is always zero. This means that the tag identifiers of subsectIons gener-
ated by any order of reflection will be equal to the tags of the original

subsections being reflected. Also , If only a point is being reflected,
then INCTAG will always be defaulted since a tag identifier only applies to
subsections or to subsections contained within a defined element.

The final parameter in this command Is the number of the coordinate
system in which the reflection is to take place. Note that it can be
defaulted; and that It has the usual default value , which is the last identi-

fier for a coordinate system specified on any previous command.

An example of this command is shown in Figure 28. FIgure 29 (a) shows

the original configuration. Figure 29(b) shows the results of the first

reflection, and Figure 29(c) shows the final configuration that resul ts
from the command.

In Figure 29 the Z-axis is coming out of the plane of the diagram.

There is a single wire in the X—Y plane with a tag of two, and It is assumed

V that It is the only wire with this tag number. This wire is subdivided
into two subsections , which are sequenced as shown. The command in Figure

28 tells GEMACS to first reflect the wire with a tag of two through the

Y-Z plane (normal to the X-axis) and to increase the tag by two.

Figure 29(b) shows the results 0f this operation. The original wire

is left unaffected. A second wire has been generated in the X-Y plane.

The wire has a tag of four and is subsectioned into two segments, subsection
three being the image of subsection one and segment four bein9 generated
by segment two.

_ _ _ _ _ _ _ _— 
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The example in Figure 28 also specifies that a second reflection is to
be perfovined. This is to be through the X-Z plane; that Is, normal to the
V-axis. The tag in this case is to be Incremented by two times two, resul-
ting from the fact that this is the second reflectiop incrementing the tag
identifier by two.

FIgure 29(c) shows the resul ts of this operation. First of all , note
that not only were the original subsections reflected but that the subsec-

tions generated as a result of the first reflection were also reflected.
The wire wi th the tag of two generated a wire that has a tag of six (two

times two plus two), which has two segments. Subsections five and six

were generated by segments one and two, respectively. The wi re wi th

a tag of eight (two times two plus four) is the image of the wire wi th

the tag of four. Correspondingly, segments seven and eight are the images

of subsections three and four, respectively. This shows how the subsection

numbers are sequenced as new subsections are generated and how tag identifiers

are Incremented.

The second macrogenerator command is the Rotation (RI) command.

The general form of the command is shown in Figure 30. This command is

extremely useful to generate geometries that have one or more axes of

revolution, such as a cylinder or a sphere. The mnemonic for this operation

is RT. Points, line segments or defined elements may be rotated, identi-

fylng them by their number, tag or name, respectively. The value of IADD

indicates the number of additional sets of points or subsections that are

to be generated.
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RT I-ADD RX RY RZ [INCTA~] [Ncs] :
1OF NAME

RI PT 1 5 0.0 0.0 300.0 (FIcTITIous)
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•

I
I

I
I 

0
_ _ _ _ _ _  

/60)

• •5 6

x

FIGURE 30. ROTATE COMMAND
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The parameters RX , RY , RZ are the total angles through which the original
points and wires are to be rotated. Keep in mind that these do not repre- V

sent incremental changes around the axes . For example, if IADD were equal
to three and RX equal to fifteen, then each original point or subsection
would generate a new point or subsection at angles of five, ten and fifteen
degrees of rotatIon. The result would not be points and subsections located
at angl es of 15, 30 and 45 degrees.

V One other point to keep In mind -Is that none of these parameters
may be defaulted or left out as was the case with the refl ect command.
Al so, the order in which the parameters appear is important. The rotation
around the X-ax ls (RX ) must be first , followed by the rotation about the

V-axis (1W), which in turn is followed by the rotation about the Z-axis
(RZ). Therefore, if rotation about the V-axis only is desired, the value

for RY must be preceded by a zero for RX and followed by a zero for RZ.

One final note on the direction of positive rotation for RX, RY and RZ.

Starting at the original point or subsection, positive rotation is consi-

dered to be counterclockwise around the X-axis for RX , around the V-axis for

RY and around the Z-ax-Is for RZ. For example, if a point exists on the posi-
V 

tive X-axis and is to be rotated around the Z-axis , then the direction
of positive rotation is from the positive X-axis to the positive V-axis.

The final two parameters are the same as those that appear In the re-
flect command, namely the tag increment and the number of the coordinate

system in which the rotation is to take place. The default values are also

the same; zero for the tag increment and the last coordinate system sped-

f led on any previous command for NCS.

- 

- 
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Figure 30 also illustrates the use of this coninand. There is originally
a point located on the V-axis. It is denoted by the “X’, and has a

number one. The sample command says that this point Is to be rotated three

hundred degrees around the Z-axis, which is directed out of the figure.

During this rotation five new points are to be generated. The diagram

shows the result. The result is six points spaced around a circle, each
V separated from Its neighbors by sixty degrees. The di rection of positive

V rotation is Indica ted by the arrow and determines the order in which

the points are finally numbered.

As is the case with the reflect command, if an element is being

defined when the rotate command Is encountered, all the new points and

subsections will be associated with that particular element being defined .

The last macrogenerator is the Translation (XL) command, whose general

format is shown in Figure 31 . In form It is almost identical to the rotation

command that has just been discussed. The result of this operation is the

generation of additional poi nts and subsections that are identical to those

specified but are displaced by a specified distance.

The symbol for this comand -Is XL . Again the operation can be performed

on points, subsections and defined elements by specifying the number, the tag

or the name, respectively. The number of new sets of points or segments

to be generated is given by the value of IADD . If IADD is zero, then the

- : origina l set is translated to the new location.

The parameters DX , DY and DZ are the Incremental changes in the X, V

and 2 directions, respectively, that will be added to each succeeding new V

4-48
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XL 
{

~~~} {
NLE
} 

IADD ox oy oz [INCTAG] [Ncs]

RA 0.000775
OF GRID1
WR 0.0 0.0 0.05 0.0 0.0 0~O 1 2 1 2
WR 0.0 0.0 0,0 0.0 0.05 0.0
DE $GR!D1
XL OF GRID1 13 0.0 0.05 0.0 -

Ii
I V

FIGURE 31. TRANSLATE COMMAND
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set of points or subsections that have been generated. For example, if

point one is located at X equals five and if three new points are to be

generated at incremental spacings of three along the X-axis, then point

two will be located at X equals eight , point three will be located at

X equal s eleven; and point four will be located at X equals fourteen.

Thus , (DX ,DY ,DZ) forms an incremental translation vector.

The last two parameters , INCTAG and NCS, are the same ones that have

been discussed for the reflect and rotate commands. They have the same de- 
V

fault values of zero and the last specified coordinate system.

As is the case wi th the first two mac rogenerator commands, if an ele-

ment is in the process of being defined when the translate command is en-

counte red, all the new points and wires will be associated with the element

being defined. 
V

This command finds a tremendous amount of use in the generation of

a constant-mesh wi re grid. The exampl e shown in Figure 31 is taken from

the inpu t deck for the analysis of the sampl e problem. The results of the 
V

translation are shown in Figure 32 as the darkened lines between V . equals

0.05 and 0.7 meters In the second coordinate system. The first five cards

generate subsections one and two and are the same as those in Figure 23. The

defined element GRID1 is shown in Figure 21 as the darkened pair of lines

in the fine-mesh wire grid. The translate command then says to take the

defined element GRID1 and generate 13 additional elements , each transla ted

from the preceding one by 0.05 meters in the Y’-d irection. The value for

INCTAG has been defaul ted so that all of the new subsections will have a

tag of two, which is the tag of the original subsections. The value for

4-50
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the number of the coordinate system is also defaulted since the new elements
are in coordinate system number two , which is specified in the first wire

Input (WR) command.

If one follows through the numbering of the subsections, it is found

that the last pair of newly generated subsections is numbered 27 and 28.

As will be shown later in the discussion of the actual input deck , the
V addition of five more cards will compl etely generate the fine-mesh wire

grid, once the coordinate systems have been defined . This shows the power

that is afforded by the macrogenerator commands .

E. Renumbering

V When the geometry is generated the command stream is usually struc-

tured in order to make the job as easy as possible. Little thought is

normal ly given to what subsections have what segment numbers attached to them.

Consequently, the numbering that results may not be such as to make full V

use of the efficiency of the banded matrix Iteration (BMI ) scheme. Figure

33 shows a simple example of this.

Suppose that there are two antennas, each of which is one-quarter of

a wavelength long . They are parallel to each other and separated by

1/100 of a wavelength . Each antenna can be generated by a single wire input

(WR) command , specifying that each antenna be segmented into five subsec-

tions. Thus, each subsection will be one-twentieth of a wavelength long.

This is shown in figure 33(a). This means that the center-to-center separa-

tions between parallel subsections is five times smaller than the center-to-

center s~oarat1on b twe.n adjacent subs ctlons on the same antenna . The

- “ t rec t4o n i  bst~~e’ iub~ictIons on se parate antennas are ireatir than the



5 10

(A) ORIGINAL NUMBERING 
V

9 10 
(Fi cTiT ious ) V

7 8

5 6

I 2

(B) RENUMBERED

NOTES : 1) ANTENNA SEPARATION = O,01A
2) SEGMENT LENGTHS O,05 x 

V

FIGURE 33. EXAMPLE OF RENUMBERING (NOT TO SCALE)
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a
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interactions between subsections on the same antenna .
When the 8141 technique is used, its efficiency is increased by

having as many of the largest interactions as possible clustered near the
main diagonal of the interaction matrix. In this example, the subsections

should be numbered as shown in Figure 33(b). In the scheme shown in Figure

33(a) the bandwidth would need to be at least five in order to include the . -

large interaction between subsections one and six. The numbering in Figure

33(b) would require a bandwidth of three to include all the major inter-

actions ; that is , those between subsections one and two, one and three,

and one and four. -

V

Figure 34 shows the forms of the Renumber (RN) command. The symbol RN

denotes that this is the renumber command. The symbols Ii through In are

the new segment numbers that are to be associated with the segment in

that position in the list. That is, 11 located in position one of the

list is the integer identifier that will be associated with what is origi-

nally subsection one. In general , position k corresponds to the kth

subsection generated since the beginning of the geometry input or since

the last renumber command. The integer located In this position is the new

segment number that will be associated with the kth subsection generated.

Three things must be kept in mind when using this command. First, no

two numbers in this list may ever be the same. This will give the same

subsection identifier to two different subsections. Second , the list

may not exceed 256 items due to the structure of the code. This does not

4.34
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I

RN Ii 12 1 3 . . . I N  
-

-OR-

RN Ii 12 . . . —IM I~ IQ . . . IN

R N 1 3 5 7 9 2 4 6 8 1 0  (FIcTITIOUS )

FIGURE 34. RENUMBER COMMAND
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mean that all the numbers input be between one and 256 or that they follow
any particular sequence. However, if there are N subsections and all of

them are to be renumbered, then all of the integers one through N must ap-
pear in a renumber coninand. Final ly, when a renumber command is encountered,

all of the subsections generated since the last renumber comand are renum-
bered according to the sequence specified by the integers in the list. If V

this is the first renumber command, then all of the subsections generated

since the beginning of the geometry input will be resequenced. Therefore,

if the first form of the command is used , no more than 256 subsections

should be generated before a renumber command is encountered.

A shortcu t is available and is shown as the second form in Figure 34.

When a negative integer is encountered in the list such as -Im in Figure
- ; 34, the new sequence number of the subsection corresponding to that position

in the list will be the absolute value of the negative integer; and the new

sequence numbers will be incremented by one until the number of segments
less one identified by the next integer in the list (Ip in Figure 34) has

been counted. Figure 35 shows an example of this. Suppose that subsections

one through ten have been generated and that they are to be renumbered.

These are represented by the line labeled “OLD” in Figure 35. By employ-

ing the comand shown in the figure one ends up with the sequence shown in

the line labeled “NEW” .

Item one in the list has the value two. Thus, what was subsection one

is now subsection two. Four is the value of i tem two In the list, and the 
V

result is that subsection two now becomes subsection four. Item three Is a
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RN 2 4 -5 4 1 9 3 10

OLD 1 2 3 4 5 6 7 8 9 10
N E W 2 4 5 6 7 8 1 9 3 1 0

(FI CTITIOUS)

FIGURE 35. RENUMBER EXAMPLE
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negative five. Subsection three becomes subsection five. The next item in
the list is four. That means that the next three subsections are sequen-

tially numbered, starting with six since the preceding subsection is num-

bered five. Therefore, segments four, five and six become subsections six,

seven and eight, respectively. The last four subsections are renumbered in

the same manner as the first two subsections .

The example shown In Figure 34 is the renumber command that

would result in the segment numbering shown in Figure 33.

This completes the discussion of the GEMACS geometry language . It is

seen to be a very simple language and yet it is sufficiently general so that 
V

one can develop any geometry to any degree of accuracy. For example, the model

of the hut and antennas requires 714 subsectIons; but only 51 commands

are needed. How this Is accomplished Is shown in the next subsection.

F. Sample Problem Geometry Input Deck

The f irst thing that must be done Is to set up the global parameters
V for the problem. This is done by using the general commands discussed in

section IV-A . This part of the deck Is shown in Figure 36. LIne one sets

up all the radii that will be used in the analysis of the coupling. In this

case all the subsections will have the same radius, that is, the radi us of

the physical antenna wires .

Figure 12 shows the total wire grid that will be generated. It also

shows the two coordinate systems that will be employed. In both cases the

X-axis comes out of the figure. Coordinate system one is identical to the

global system and has axes V and Z. Coordinate system two is the system in

the darkened box and has axes Y’ and Z’. Its origin is displaced from the
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1 RA 0.000776 V

2 CS 1 0.0 0.0 0.0 0,0 0.0 0.0 
V

- 
- 3 CS 2 0.0 0.3 0.2 0.0 0.0 0.0

FIGURE 36. GENERAL CARDS OF INPUT DECK
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global origin by being located in the global system at Y equals 0.3 and Z
equals 0.2 meters. Lines two and three In Figure 36 provide this informa-

tion to GEMACS.

Figure 37 shows the cards needed to generate the fine-mesh wire grid.

Much of this has already been discussed in connection with Figure 31.

Card one specifies an element which is one row of the fine-mesh wire grid.

Cards two through five generate segments one and two in Figure 32 and have
been discussed with reference to Figures 20 and 21. Card six generates the

darkened lines in Figure 32. Card seven generates subsection 29 in Figure

38.

Figure 38 shows the results of the first eight cards shown in Figure

37. A basic building block has been generated which is translated by the

command given in card nine a total of nine times . The result of this trans-

lation is shown in Figure 39 as subsections 30 to 290. Card ten in Figure

37 closes the grid by drawing a line across the top of the grid which is

segmented into 14 subsections. This generates segments 291 to 304. This

completes the generation of the fine-mesh wire grid model of the top of the

hut in the vicinity of the two antennas of interest.

Figure 40 shows the cards that are needed to generate the models of the

antennas. The diagram in the figure shows the results of the operations

along with the subsection numbering. The first card generates a model of the

tranmnitting antenna. It has a length of one-tenth of a meter and Is divided

up into two subsections. It has been given a tag identifier of three to flag

these segments in the segment table output by GEMACS. The sec~nd card

generates a model of the receiving antenna, which has a length of three-
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1 DF ROW1 -- - - -

2 DF GRILl
- 3 WR 0.0 0.0 0.05 0.0 0.0 0.0 1 2 1 2

4 WR 0.0 0.0 0.0 0.0 0.05 0.0
- 5 DE $GRID1

V 

6 XL DF GRID1 13 0.0 0.05 0.0
7 WR 0.0 0.7 0.0 0,0 0.7 0.05 V

8 DE $ROW1
9 XL DF ROW1 9 0.0 0.0 0.05

-

V 

10 WR 0.0 0.0 0.5 0.0 0.7 0.5 14

FIGURE 37. GENERATION OF FINE-MESH GRID

- V

H
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0.0 
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0.0 0.7 V

FIGURE 38. DEFINITION OF ROWI
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26? - 290
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30 58
V 

0.0 ~~~~~~~~
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0.0 0.7

FIGURE 39. FINE—MESH WIRE GRID
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I WR 0.0 0.45 0.25 0.1 0.45 0.25 2 3
2 WR 0.0 0.25 0.25 0.3 0.25 0.25 6 4
3 RN -1 155 -162 8 -172 141 -170 2 -156 6

312 ( 161)

3 1 1  ((60)

-
II 3(0  ((59)

0.3

V 
309 (158) -

((71)  306J 308 (157)

(170) 305t 307 (156) - !

ALL DIMENSIONS IN METERS .

FIGURE 40, WIRE ANTENNA MODELS 
-
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tenths of a meter, six subsections and a tag identifier of four. It is seen

from figure 40 that subsectIons 305 and 306 are on the transmitting antenna

and subsections 307 to 312 are on the receiving antenna.

The third card shown in Figure 40 Is a renumber command that Is used

to renumber all of the segments that have thus far been generated. It Is
- used to renumber the antennas so that their segment numbers are more In line

wi th the subsection numbers of the nearby wi re mesh segments . The result
is shown In the figure In the Appendix. The first 155 subsections retain

- 

thei r original numbers. Then the wire mesh segments numbered 156 to 163
are renumbered as 162 to 169. The remainIng 141 subsections originally

numbered 164 to 304 , are renumbered as 172 to 312. The two trancmlttfng

antenna subsections are then renumbered as 170 and 171, as shown in Figure
40. Finally, the subsections on the receiving antenna are renumbered as shown

H in the parentheses In Figure 40. The final numbering scheme for the fine-
• mesh wire grid Is as shown in the figure in the Appendix.

This takes care of all the modeling that will be done in coordinate

system t~~. The coarse-mesh wire grid will now be generated, and will be

• defined in coordina te system number one. This development will pretty

H much follow the basic lines used In the generation of the fine-mesh wire

¶ grid.

It is necessary to first define one of the basic building blocks that

will be used over and over. Figure 41 outlines these basic building blocks

• by the darkened lines . The numbers are the subsection numbers that will

eventually be used as Identifiers for the segments making up these building
4
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O.25
~~~
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392

0.1
313 319

314 
_____

FIGURE 41. BASIC BUILDING BLOCKS FOR COARSE GRID
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blocks. The block of interest at this point Is GRID2 and is made up of
segments 313 and 314.

FIgure 42 shows the cards that are needed to generate GRID2 and one of
the rows that will be used to develop most of the coarse-mesh grid. This
element Is called ROW2 and is shown in Figure 43 as the darkened lines. In

Figure 42 cards one and two introduce the definitions of ROW2 and GRID2,
respectively, the latter being one of the basic building blocks shown In

figure 41. Cards three, four and five complete the definition of GRID2,

which is made up of subsections 313 and 314. Card six translates these

segments twice, generating segments 315 to 318 (Figure 43).

At this point the second of the basic building blocks, GRID3, shown

as subsections 319 and 320 in Fi gure 41, must be defined. This is done In

cards seven through ten in a manner identical to the generation of GRID2.
S

This block Is then translated by the coninand In card 11 thirteen times,

generating subsections 321 to 346, ending at V equals 1.0. Cards 12 and

13 agaIn translate GRID2, each one time, to generate segments 347 to 350.

The reason two conii~ands are needed Is because the displacement distance

along the V-axis changes for each translation.

The element ROW2 is completed by defining subsection 351, which closes

of f the right—hand side of the element ROW2. This is done in card 14, while

card 15 closes the set of cards belonging to the element ROW2 (Fi gure 43).

The element ROW2 is then translated along the i-axis one time to gener-

ate the second row of elements in the coarse-mesh wire grid. For this row

the subsection numbers extend from 352 to 390, as shown in Figure 43.
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1 OF ROW2
2 OF GRIO2
3 WR 0.0 0.0 0.1 0.0 0.0 0.0 1 1 1 1
4 WR 0.0 0.0 0.0 0.0 0.1 0.0
5 DE $GRID2
6 XL OF GRJD2 2 0.0 0.1 0.0
7 OF GRID3
8 WR 0.0 0.3 0.1 0.0 0.3 0.0
9 WR 0.0 0.3 0.0 0.0 0.35 0.0
10 DE $GRJD3
11 XL OF GRIO3 13 0.0 0.05 0.0
12 XL OF GRID2 1 0.0 1.0 0.0
13 XL OF GRIO2 1 0.0 1.1 0,0

14 WR 0.0 1.2 0.1 0.0 1.2 0,0
15 DE $ ROW2

16 XL OF ROW2 1 0.0 0.0 0.1

FIGURE 42. GENERATION OF ELEMENT ROW2
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0.2  — —
352 319 321 390

0.I —\:~ 71 347 351
314 318 I 

____

—  —  — — I —  — — — — — — —  —  , Y
0.1 0.3 1.2

FIGURE 43. DEFINITION OF R0W2
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At this point it Is time to generate the third of the basic building

blocks, GRID4, shown as subsection 391 and 392 in Figure 41, and another
entire row which will be translated to generate the middle section of the

coarse grid. The set of commands to do this is shown in Figure 44. The

results of th. generation of the element ROW3 are shown in Figure 45.
In Figure 44 cards one and two set up the definitions of the elements

ROW3 and GRID4. Cards three, four and five complete the generation of GRID4

resulting in segments 391 and 392 In Figure 41. Cards six , seven and eight

translate the element GRID4 to generate subsectIons 393 to 400. Finally,

card nine results in the generation of subsection 401 whIch closes off the

right-ha nd side of the element ROW3.

Note that subsection 29 (Figure 38) of the fine-mesh grid and subsec-

tlon 397 (Figure 45) of the coarse-mesh grid are really the same wire

segment. GEMACS will recognize this fact and nul l out the latter subsection

in all further computations.

Returning to Figure 44, card ten completes the definition of the dc-

ment ROW3. Card 11 translates this element along the Z-axis to generate

the central portion of the coarse-mesh wire grid. The translation generates

subsections 402 to 500 as shown In Figure 46. Overlapping wires will

again be generated; but as explained previously, these will be nulled out.

All that remains to be done is to develop the coarse-mesh wire grid

for values of Z greater than 0.7 meter. This is accomplished most simply

with the deck of cards shown in figure 47. The result is shown in Figure 48.

First, define another element, ~)W4, which is identical to the element ROW2.
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1 OF ROW3
2 OF GRID4
3 WR 0,0 0.0 0.25 0.0 0,0 0.2
4 WR 0.0 0.0 0.2 0.0 0.1 0.2
5 DE $GRIO4
6 XL OF GRID4 2 0.0 0.1 0.0
7 XL OF GRID4 1 0.0 1.0 0.0
8 XL OF GRID4 1 0.0 1,1 0.0
9 WR 0.0 1.2 0.25 0.0 12 02
10 DE $ROW3
11 XL OF ROW3 9 0.0 0.0 0.05

.1
FIGURE 44. GENERATION OF MIDDLE SECTION OF COARSE GRID
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0.25 397 401
0 2  —  — — — — 400

— — —— — — — — —  — —  ~~L ‘f

0.0 0.3 1.0 1.2

FIGUR E 45. DEFINITION OF ROW 3
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0.7 — — — — —  — —
490 500— — — — — 
468 478— — — - - - - - - - - — —
457 467

435 4+5— — — —424 434— — — — —413 423— —  — —402 4120.25 — — — 

S — — — — — — — —  

FIGURE 46. SUBSECTIONS OF COARSE MESH WIRE GRID
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1 OF ROW4
2 XL OF ROW2 1 0,0 0.0 0.7
3 DE $ROW4
4 XL OF ROW’4 4 0.0 00 0.1
5 WR 0.0 0.0 1.2 0.0 0.3 1.2 3
6 WR 0.0 0.3 1.2 0.0 1.0 1.2 14
7 WR 0.0 1.0 1,2 0.0 1.2 1.2 2
8 END OF GEOMETRY H’JTTOP

FIGURE 47, COMPLETION OF COARSE-MESH WIRE GRID
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696 7141.2 — — — — — — — — — — — — —  — —
657 695— — — — — — — — — — — — — — — — — — —
618 656— — — — — — a a — — — — — — — — — — —
579 617— — — — — — — — — — — — — — — — — — —
540 578— —_ — — — — — — — a — —  — —  — — —
501

539
0.7 — — — — — — — — —  — —

iI :IIII III !11:I: 1,Ti

IIII IIII II[.II_

FIGUR E 48. FINAL SUBSECTIONS OF
COARSE-MESH WIRE GRID
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Thi s is accomplished in cards one, two and three. The element ROW4 is made

up of subsections 501 to 539. Again, any overlapping subsections between

the fine-mesh and coarse-mesh wire grids will be nulled out. This element

then gets translated four times , generating subsections 540 to 695. The

final edge of the hut is modeled by cards five, six and seven as a wire

with 19 subsections, numbered 696 to 714.

Subsections 501 to 695 could have been generated by j ust translating

the element ROW2 instead of generating another element. But that would have

required four translation comands . For larger probl ems the technique used

here is the more efficient way.

This then completes the card deck needed to model the problem given

in section I. Card eight In Figure 47 signifIes this to GEMACS. The final

ni.mibering on each of the subsections for the top of the hut Is shown In the

figure In the Appendix. The final numbering of the antennas is shown by

the numbers in parenthesis In Figure 40.

Now it is time to take a look at the task coninand language to see what . S

the commands mean , how they are constructed and how they are put together

to so i ve a problem.
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V. GEMACS COI44AND LANGUAGE

The GEMACS command language is a free-field, keyword—oriented input

stream. The order of the items is not important, and the items in each
command are delImited by a blank or a comma. An item is considered to

be all of the input associated wi th a particular parameter , such as
THETA = 90. Each item may consist of several entries, each entry being

called a field. Thus, THETA 90 has three fields , the variable THETA,
the equal sign and the value 90. Blanks may be imbedded between the
fiel ds , but cannot appear within a field. If THETA were input as THE TA ,
the code would set the error flag since two symbols were found when one

was ex pected . The error flag would Inhibit execution of the analysis.
All of the comand~ are read prior to the execution of any command.

Errors are noted as they occur, and the existence of an error does not

prevent the reading of further commands. All of the input deck is

scanned for errors during the submittal of the code for execution .
There are severa l conventions that should be kept In mind when

any of the commands are being set up. These basically are Involved wi th
comment ca rds , comments on cards and continuation cards. Comment cards
are those cards that are inserted within a deck to identIfy the deck or
to explain the purpose of commands or items on commands. They are non-
executable statements and are ignored by (‘IEMACS once they have been
output back to the user in the listing of input deck. They are identified
as comment statements by the presence of a dollar sign ($) as the first

nonbiank character on the card.

5—I
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In a similar manner short comments may be appended right In the

comanci itself Instead of appearing as a separate card. This is done

by placing a space, a dollar sign ($) and the comment after the

last item in the command. Again , GEMACS does nothing with this

portion of the command other than to list it in the listing of the

input deck.

The continuation card of a comand , or more than one line of input, Is
signified by the presence of a continuation character in the first column

of each succeeding input card for this command. This continuatIon character

is an asterisk C*), and again it must be in the first column of the card.
These are the only basic, general conventions that must be observed

in setting up a command stream for GEMACS. Cautions regarding the occurrence

of commands before the occurrence of other commands do exist and will be

pointed out as they are encountered.

The comands will be discussed pretty much In the order in which

they would appear in a typical ~EMACS analysis. The general form of the

command will be given and those items that may be defaul ted will be

indicated by the use of square brackets (( ]) in the figures. The presence

of braces ({ }) In the figures indicates that a multiple choice exists

for a particular item. The need for a user-defined symbol is indicated

by the letter S. If a previously defined symbol is required, this will

be shown by the letters OS. If the variable can use either a new or

previou sly defined symbol , this will be indica ted by the letters SDS. S

These codes along with others used In the commands are shown in Figure 49.

The symbolic names that are defined by the user must in all cases

5 5-2
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S - PREVIOUSLY UNDEFINED SYMBOL
DS - PREVIOUSLY DEFINED SYMBOL
SOS - EITHER S OR DS

N - NUMERIC VALUE
DSN - EITHER OS OR N
KW - KEYWORD
A - ALPHANUMERIC WORD UP TO SIX CHARACTERS

(A-Z AND 0-9) WITH THE FIRST CHARACTER
I

. 
BEING (A-Z)

I

FIGURE 49. COMMAND CODES
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consist of one to six characters, the first character being one of the

letters of the alphabet (A-Z) . The other five characters may be letters
of the alphabet or one of the dIgits (0-9). An additional restriction

is that certain keywords are used by GEMACS for specific purposes (such as

default names ) and may not be used as symbolic names . These are shown
in Figure 50.

There yet remains one final restriction on the definition of symbolic

names. Suppose the Interaction matrix is labelled XXXXXX , where the X’ s

are legal characters. Then if the matrix is to be decomposed into lower

and upper triangular matrices, the user must not define symbols such as

XXXLWR , .XXXUPR OR XXXPVT since these names will be generated internally

by the code to identify the files in which the decomposed matrices are

stored . However, as will be shown later , these symbols may be referenced
in PRINT , URITE and PURGE commands.

After the general form of the comand there will be shown a specific

exampl e of the command geared to the solution of the example problem .

A complete list of the commands is given in Table 1 of the GEt IACS user ’s

manua l [10).

A. Introductory Comments

In setting up a deck of input cornands it is best to preface the deck

with a series of comment cards that somewhat identify the problem being

worked . Since the input deck is the first part of the hard copy printout ,

this serves to readily identify this particular ana lysis in a stack of

sim ilar outputs . A sample that is being used for the example is shown

S 
in FIgure 51. flote that for ease of identification the dollar sign has

A 
_ _ _ _  
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ONE LETTER KEYWORDS

C D N 0 R V X Z
I

TWO LETTER KEYWORDS

CW Ci C2 DM OP DR DT OW DX DY DZ
IS LU NP NR ON P1 P2 Ri R2 SC SW
Ti T2 VS Xl X2 Yi .Y2 Zi Z2

THREE LETTER KEYWORDS

ABS COP ECC END FRQ ILP INY LUD OFF PHI RDP
SEQ SET

FOUR LETTER KEYWORDS

AXIS BAND BNDW COND EPSR ESRC S

LOOP PLOT PRLC READ SCDP SEGS
SIZE SRDP SRLC TAGS TIME TYPE
VSRC ZGEN ZIMP

FIVE LETTER KEYWORDS
S 

CONJG CPINC CPNUM DEBUG LABEL PARTN
PIVOT PRINT PULSE PURGE SOLVE THETA

S 

TRACE VALUE WRITE

SIX LETTER KEYWORDS
S 

BACSUB CHKPNT COLPSE CONVRG EFIELO EXPAND FILEID GMDATA S

LINLIN LINIOG LINPLR LOGLIN LOGLOG LOGPLR MAXITR PCESINS 
REDUCE REFLCT REPLCE RSTART SINCOS SYNDEF TRANSP WIPOUT
ZCODES ZLOADS ZMATRX

FIGURE 50. RESERVED SYMBOLS
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$
$ COUPLING BETWEEN TWO MONOPOLES
$ (0. 3 AND 0 .75 WAVELENGTH) LOCATED ON
$ TOP OF A COMMUNICATIONS HUT. THE SHORTER
$ ANTENNA HAS A SOURCE OF ONE VOLT. THE

OTHER IS LOADED BY 50 OHMS. FREQUENCY 
S

$ EQUALS 750 MHZ.$ 
-
I

FIGURE 51. SAMPLE INTRODUCTORY COMMENTS
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been indented to col umn 3 , and the text Is set off by the use of lines of

asterisks.

B. Glo bal Parameters S

The fi rst executable commands usua~ly consist of up to five cards

whic h fix some of the permanent parameters of the analysis and avoid

the repetition of these values on subsequent commands. This
S spec ifies the number of f iles availa ble for use by GEMACS , the amount

of CPU time in minutes allocated for the job, the frequency of interest In

1I~z at which the analysis is to be perfo rmed , and the conductivity and per-

mittivity of the ground plane , if the structure is not perfectly conducting

or if the antennas are not located In free space.

For this particular probl em the three cards shown in Figure 52 would

be used . If the top of the hut were a finite conductor, then the

conductivity and permittivity would be specified using the symbols COND

and EPSR , respectively. The conductivity is in mhos/meter and EPSR is

the diel ectric constant relati ve to that of free space.

Uote that when ~UMFIL is set to 17 this number of files must be

S made available since GEMACS has no %Iay of checking on this. Two of

these files are for input and output and their numbers are installation

dependent. They are presently set as five for Input and six for output.

File seven is the checkpoint file. Files one through four are used for

internal scratch space. Files eight through 17 (in this case) would be

used to store data sets as identified by symbols defined by the user.

Examples of such sets would be the currents on the subsections , the inter-

action matrix and the excitation matrix.

The TIME specification is useful when one has no idea how long the

S. 

—--— —-- 5 
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I
NUMFIL = 17 $ NUMBER OF FILES AVA ILABLE S

TIME = 570 $ NUMBER OF CPU MINUTES ALLOCATED S

FRQ = 75O~O $ FREQUENCY OF ANALYSIS 1K MHz

S —

FIGURE 52. SAMPLE GLOBAL PARAMETERS

1

’

.1
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analysis will take. What happens is that when the CPU time used by the

job equals or exc eeds the amount of time specified on the TIME card,

GEMACS will automatically checkpoint and terminate the analysis thus saving

the results of the work performed up to that point. Nothing will be lost 5

or dupl icated when a restart is performed .

However , the time specified on the TIME card must be less than that
specified on the computer system job control card. Otherwise, when
this latter time is reached , the system will terminate the analysis; and

the results of the work done since the last checkpoint will be lost.

It will be possibl e to restart, but some of the work performed during

the previous execution will be duplicated.

The last of the global parameters specified in Figure 52 is the

frequency in megahertz at which the analysis is to be performed. The

symbol for this parameter is FRQ. Its specIfication here means that

S this item can be defaulted on all commands requiring this parameter.

C. Geometry Generation

The next executable command will read in the geometry data set. This

comma nd is shown in Figure 53. The symbol ItUTTOP has been chosen to S

label the geometry data set. In addition , the system card reader is the

file from which the data may be obtai ned. This is the default value for LU,

the logical unit. Keep in mind that if the file name had been defaulted,

then the Item for the geometry data set may not appear in any subsequent

command; that Is, it must alwa~~ be a default parameter if It is defaulted

in the (~1~~TA comand. The actual commands that are used to generate the

S 
geometry are expla ined and illustrated In section IV of this manual .

5-9
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GMDATA [= SIl [LU = NI ~S

GMDATA = HUTTOP

FIGURE 53. GEOMETRY GENERATION COMMAND

- 
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0. Electrical Environment

The electrical envi ronment of the structure to be analyzed should

be specified next. This would Include the effects 0f loads , the excitation S

(electric fiel ds or voltage sources or a combination of both) and the

ground parameters. These last are usually specified with the set of

global parameters, as COND and EPSR (Section V.B). The frequency at

which the analysis Is to be performed is also usually specified along

with the global parameters, although it can also be specified on a number

of other commands. Once it is specified, it may then be defaulted on all

subsequent comands. The surest way to avoid error is to specify the
S frequency as a global parameter and then defaul t it in all subsequent

commands requiri ng the frequency as an input. As shown in Section IX ,

the frequency may also be updated as a global parameter by use of an

arithmetic statement. S

Figure 54 shows the general form of the command used to specify the

S loading, as well as the specific form used in the analysis of the sample

probl em. This command allows one to place loads on the structure identified

in the G~~ATA item (HUTrOP in this case). See Section V.C. The load

data will be stored in the symbol SDS, which is LOAD in this case.

The type of load and the value of the parameters are specified by choosing

one of the possibilities in the large braces. COND Is used to specify the

conductivity of the subsections in units of mhos per meter. ZIMP is used

to specify a lumped load impedance in ohms. Two values are required for

S 

th is Item , the resistance and the reactance. In the example problem there

is a purely resistive load of 50 ohms. Hence the input is 50.0, 0.0.

Note that the values given for COND or ZIPP are independent of frequency.

5-il 
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Individual circuits, which are functions of frequency, may also be

specified wi th equivalent overall values of resistance (R), inductance (L) 
S

and capacitance (C), in that order of specification. Either parallel or

series ci rcuits may be used , as shown in Figure 55. The units are ohms

for R, inillihenries for L and microfarads for C. A parallel or series

circuit is input as PRLC or SRLC, respectively, as shown in the inner
S braces in Figure 54. Note that all three values must be input even

If one or more of the quantities does not exist in the equivalent circuit.

The inductance and capacitance are functions of frequency in this case.

The TAGS/SEGS item Identifies those subsections which are to be loaded

with the values specified in this command . In this case segment 156 is to

be loaded with 50 ohms. As can be seen from Figure 40, this is the bottom

subsection of the receiving antenna.

S If other subsections were to have this same load , then their segment

identifiers would also be listed , separated by comas or blanks . If

consecu tive seg~ents are to be loaded with the same value , then only the

S 

first and last segment numbers need be listed , separated by a hyphen. Thus,

the TAGS/SEGS item could be input as SEGS equals 156-161 , since there are 6

subsections on this antenna, if all the subsections were to be loaded .

The alterna tive would be to list all the ~gm~ t nu ib~ ’s separated by

comas or blanks (e.g., 156, 157, ..., 161’, 161).

As mentioned in the beginning of Section IV , the tag is simply another

way of identifying a group of subsections. Unlike the subsection number

it need not be a number unique to each segment. As a matter of fact , all

714 subsections in HUTTOP may have the sane tar , and that tag may be zero

5-13
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SERIES
$ 1

PARALLEL

R

L
S _

I

FIGURE 55. EQUIVALENT CIRCUITS FOR
LOAD SPECIFICATION COMMAND
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or any other number. The tag may thus be used as a convenient way to

S reference a group of subsections, all of which have the same load, or

all of which have the same excitation, or all of which belong to the same
antenna ; or any other division devised by the user. It can be thought of as

a flag identifying a group of subsections all of which have a common

characteristic. Therefore, when the geometry was modeled , segment 156
was given a tag of four; and the identifier in the command could have

S been TAGS = 4 instead of SEGS 156, but only If segments 157 to 161 were

S given some other tag since they are not loaded in this problem.

Note that more than one ZLOADS command may appear in the command stream,

but each coninand must reference the same load data set (LOAD in this case).

Also more than one type of load may be placed on the same subsection .

Final ly, and very importantly, all the ZLOADS commands must precede the
command which causes the interaction matrix to be generated. This is

necessary since the symbol for the load data set is a required Item for

input on the interaction matrix generation card (Section V.E).

Figure 56 shows the general form of the command used to specify the

antenna exc itation, as well as the specif ic form used in the analysis of the

exampl e problem . As can be seen, it Is quite similar to the load speci-

fication corinand shown In Figure 54. The file for the excitation data Is

labeled as SOLJF~E. The keyword VSRC (voltage source) Is a flag to the code

that an excitation is being placed directly on one or more subsections, as

opposed to Illumi nating the entire structure wi th an Incident electric field.

This latter can also be done with GE!1ACS , and its command is explained in

Section VIII.
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= VSRC ~DS~ [FRO = DSr~ V = DSN, DSN = N,N,...,N

SOURCE = VSRC (HUTTOP) V = 1.0,0.0 SEGS = 170

FIGURE 56. EXCITATION SPECIFICATION COMMAND
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The geometry data set is referenced in the parentheses following the

keyword. Recall that this would be defaulted if the default name were used S

In the geometry generation command (Section V.C).

The frequency of the analysis may also be defaulted if It has been

specified In the list of global parameters or on a previous command.

Since it is a global parameter In the example, It is shown defaul ted in

the example in Figure 56.
S The value of the voltage to be placed across the terminals Is specified

as a complex number, giving the real and imaginary parts of the excitation.

In almost all cases the voltage Is given as 1.0, 0.0 sInce the electromag-

netic fields problem Is a linear one. In other words, if the excitation were

increased by some factor, say two or ten, then the resultant field at some

point in space would be increased by the same factor, for example two or

ten. The same is true for the calculation of coupling. If the input voltage

is Increased by a factor of five, the received voltage would be increased by
S 

. a factor of five; but the coupling (the ratio of received to excitation

voltages) would remain the same for either value of excitation . Hence, there

is no loss in generality by always specifying an input voltage of 1.0 + j0.O
S volts.

The last item in this command is the specification of which subsections

S are excited. Thi s is done in exactly the same manner as for the load

speci fication command. The excitation In this case is placed across

subsection 170 (FIgure 40). Since this subsection has been given a tag of

3, the item could be TAGS 3 Instead of SEGS • 170, if subsection 171

had some other tag. The same comments apply regarding imal tipie cards . All
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excitation specification commands must refer to the same data set (SOURCE);
and all subsections with the same excitation can be listed on the same

connand , the subsection or tag numbers being separated by comas. If S

consecutively numbered subsections have the same excitation , only the
first and last subsection numbers need be given, separated by a hyphen. -

Refer to the di scussion of the load specification command for examples of 
-

these inpu t conventions.

There is one point to keep in mind when using this cornand or the

electric field excitation comand (ESRC, Section VIII). If the frequency

at which the analysis is being performed is changed (as, for example , S

in a parametric study, Section IX), then the excitation matrix is reini-

tialized to zero. Consequently, a new VSRC or ESRC coninand must be

inpu t even though the excitation on each of the subsections remains the

same.

E. Interaction Matrix Generation 
S

The general and specific forms for this command are shown in Figure 57.

S The keyword SINCOS is at this point in time an inflexible quantity indica-

ting the expansion set that is used to represent the current, much like a . 
5

Taylor series is used to approximate some mathematical function such as S

the exponential or logarithmic functions. Other expansion functions will be

S incorporated into future versions of GEMACS and different keywords will be S
S 

used , but for the present time only SIHCOS may be entered for this item. -

Once again the name of the geometry data set must be entered if the . S

default name has not been used in the geometry specification command.

S The frequency Is also an item in this command that may be defaulted.

5-18



_ _  
S — S~S _~~~~~~~~ 5~~ S•~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ - -,

ZGEN SINCOS [GMDATA = DS] [FRQ = DSNJ ZMATRX = S

[zLoAos = osj [COND = DSNJ [EPSR = DSNI

ZGEN SINCOS GMDATA = HUTTOP ZMATRX = ZIJ ZLOADS = LOAD I

FIGURE 57. INTERACTION MATRIX GENERATION COMMAND
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Since this was incl uded as one of the globa l parameters, it is not included 
S

on the card for the sample problem input data deck.

The next item is a required item and identifies the file in which the
S 

elements of the interaction matrix will be stored. Although up to six

characters may be used for a symbolic name, ZIJ is being used since the

entries in the interaction matrix are referred to as the “zij’s” , which is
S short for the ijth element of the Z-matrix. Reviewing the MOM matrix

S 
equation , (Figure 5), it will be seen that this is the matrix which is S

S multiplied by the I-matrix (current matrix) to yield the excitation matrix
S 

(E-matrix).
S 

The next item of this comand is the identification of the load

matrix. Remember that this symbol was defined on the load specification

command (Figure 54). ThIs item is shown as one which may be defaulted , but

this is true only if no loads have been placed on any of the subsections.

If a load matrix has been defined , its symbol must appear in this command. 
S

The next two items of this comand specify the conductivity and

permittivity of the ground plane , if one exists. Again, it is recomended

that these quantities be specified in the set of commands wh ich define the
global parameters and should be defaul ted here. The quantities then need to

be specified only once; and , since they are located In one wel l -defined area

of the input deck, they can be quickly found and modified as needed.

At this point the global parameters and the data for the geometry, for . 
S

the load and the excitation have been input into GEMACS. From these data

5-20
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GEMACS has generated the elements of the interaction matrix and the

excitation matrix. It is now ready to solve the basic MOM matrix equation

(Figures 7 and 8).

F. Matrix Equation Solution

Two solution techniques presently exist within GEMACS, and It Is

anticipated that more wi ll be added to the code . These are a full-matrix

solu tion technique, in which a Gauss-Jordan algorithm is used; and the
S 

banded matrix iteration (BMI) technique, in which the interaction tiatrix is

banded , decomposed and used in an iterative scheme to solve for the currents

on the geometry. The former technique is discussed in Section VII. The SMI

technique (Figures 7 and 8) is discussed in this section.

The first step Is to develop a banded matrix from the Interaction S

matrix [Z]. The object is to get all of the larger elements into this

banded matrix. In addition , one must also choose those elements that signi-

fIcantly contribute to the electromagnetic phenomena associated with the

problem , such as edges and other nearby perturbing influences. This Is

not an easy task; and about the only guIde available is past experience,

which at this point is next to nonexistent. A bandwidth (M in Figure 7)

is selected. It should be large enough to assure convergence to a

reasonably accurate solution and yet small enough to obtain that solution in

a practical anount of time.

It is better to choose a large bandwidth in order to have GEMACS

yield faster convergence than to have a smaller bandwidth requiring a

S large number of iterations [5 pp. 3-5].

S 
In the example all of the interactions involving those elements in

coordinate system ntanber two are placed within the banded portion of the

5-21
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interaction matrix. Thi s Includes subsections one to 312, which represent

the antennas and the top of the hut. To these are added those subsections

which border the edge of the hut in the vicinity of the antennas. Looking

at the figure in the Appendix , this includes the first 500 subsections.

The bandwidth (that is, the number of diagonals on either side of the main

diagonal ) is therefore 499, which is rounded off to 500.

These are the data that are needed to cons truct the BAND command , shown
in Figure 58. The symbol DS represents the name that has been assigned to - 

S

the interaction matrix. This is “ZIJ” in the example. The value for BNDW S

is the number of diagonals on one side or the other of the main diagonal S

that will appear In the banded matri x , whose symbol is given by SDS in the 
S

general form of the comand. Therefore, in the exampl e the value of N is

500.

A restriction needs to be kept in mind when naming the banded matrix.

The same symbol ic name may not be used for both the banded matrix and the

original interaction matrix. The reason is that both matrices are referenced

in the command that impl ements the Bill technique and some means must be 
S

available to differentiate between them.

Therefore, for the exanipl e the symbol BUDZIJ has been chosen since It
S 

is almost an acronym for “banded ZIJ matrix.” The final fo rm of the command

that will be used in the solution of the probleri is also shown in Figure 58.

Once the interact ion matrix has been banded , the banded portion must he

decomposed into lower and upper triangular matrices as shown in the -

I
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SDS = BAND (DS) BNDW = N

BNDZIJ = BAND (ZIJ) BNDW = 500

S FIGURE 58. THE BAND COMMAND
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solution process indicated in Figure 8. This is accomplished by using the ‘~

matrix decomposition (LUD) command shown in Figure 59.

The symbol DS is the name of the banded matri x that has been developed,

in this case BNDZIJ. The symbol for the decomposed matrix may be either a

new name or some previously defined name. Also, in the case the name of

the decomposed matrix may be the same as the name for the banded matrix.

This Is the method usuall y chosen, and that is what is in Figure 59.

Once the banded matrix has been decomposed, the Bill command is used to

solve the MOM matrix equation for the current on the wi res in the grid model . S

S The form of this command and the specIfIc command to be used to solve the

example are shown in Figure 60. In this command DS1 represents the name
S 

of the decomposed banded matrix , BNDZIJ in this example. The currents that

are to be calcul ated are stored under the name represented by SDS1 , which
S in the example is CUREFIT. The excitation that has been set up is stored in 1

DS2, or SOURCE in the example. The symbol DS3 is the name of the interaction S

matrix that was calculated . Recall that it is ZIJ. The final symbol in the S

equa tion is SDS2, the set of currents from the previous iteration. It may

be the same as SOS1. An Initial value may be pre-loaded in SDS2 (Section

V.K), but it has been found that leaving the initial currents on the
S subsections equal to zero does not significantly decrease the solution time.

Thus , the array for the currents is usual ly not preloaded and SDS2 is nor-

S ;ially the same as SDS1.

The next item, CONVRG , is the converqence criterion that will be used to

S 
test the currents that have been derived at each iteration. At this time

S 3 5-24
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SDS = LUD (OS)

BNDZIJ = LUD (BNDZIJ)

FIGURE 59. MATRIX DECOMPOSITION COMMAND

I
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GEflACS has three convergence tests built into it. The pros and cons of each
of these tests have been discussed in the BDM quarterly reports [6 ,8] and
are touched on briefly in the engineering manual [9]. Basically they are the
l3oundary Condition Relative Error (BCRE), the Iterative Relative Error (IRE)

and the Predicted Relative Error (PRE). The BCRE compares the boundary

condition obtained using the calculated currents to the original excitation.
S S The IRE compares the currents at one iteration to those obtained from the

previou s iteration, convergence being attained when there is a very
small change in the value of the new set of currents . The PRE is a function

of the IRE and is based on the fact that the latter can be represented

in an approximate fashion by a exponential function, especially when the

S convergence rate is fairly rapid. The PP.E was found to yield more useful

data relating to convergence ; and , as such , was felt to be the best of

the three availabl e convergenc e tests . As a consequence , the default

,alue for this item is the PRE . This is the one used in the solution of the

example problem.

The next Item Is the value of the converqence criterion in percent at

which the iteration process will terminate . The values of each of the

converience criteria are computed at each step of the iteration process

according to equations 73, 74 or 76 of the engineering manual [9]. For

the predicted relative error (PRE) it is basically a function of the ratio

of the current vecto r at one iteration to the current vector at the

preceding Iteration. S

The choice of VALUE is dependent on the problem and what quantity is S

being investigated . If it is the electric field far from the antenna , a

5-27
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value of ten percent will yield , good results . When working cl ose to the

antennas , as in the example, the VALUE item should be given its default

value, which is one percent. This requires more iterations, but the nature S

of the problem necessitates the acceptance of the increased cost.

The final item in this command is the maximum number of iterations that

will be allowed. It may happen that the way the grid is set up or the S

S choice of the bandwidth casues the soluti on to converge very slowly. In S

that case an answer wi ll be obtained eventually, but at a high cost. The

MAX ITR item provides a check which will not allow GEMACS to grind away

forever. Suppose, for example , that the value of MAXITR is ten. If

convergence is not reached after the tenth iteration, GEMACS wi l l  terminate

the analysis and print out the values of current at that point. It will also

output the value of the convergence criterion in percent and predict how

many more iterations are required. Based on this information the value

of MAXITR can be changed if not too many more iterations are required or

the bandwidth may be increased in an attempt to obtain a faster rate of S

S convergence; or, as a last resort , a new wire grid model may be set up.

The analysis is then restarted from the last checkpoint Section V.11).

flote that this item cannot be defaulted. A nominal value to use as

a starting point is ten. The form of this command that is used in the

S analysis of the probl em is shown in Figure 60.

At this point GEMACS has now calculated the current on each of the

subsections. These data are all that are needed to solve the coupling

problem. Therefore, the next operation is to have GEMACS print out these

5-28
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current values. The commands that are used for control of the output are

S di scussed in Section VI .

G. Checkpoint and ExamDle Problem Input Listing S

It has been mentioned several times that GEMACS has a checkpoint and

restart capability. This feature allows the user to restart his analysis

- 
at any point in the stream if it has been interrupted for any reason

whatsoever. The importance is that the user nay restart from very nearly

the point at which the ana lysis had left off , thus el iminating a lot of

costl y duplication.

In order to make use of the restart option one or more checkpoints

must ha ve been taken during t~’e analysis by using the checkpoint command .

When a chec kpoint is taken, a snapshot of the computer status is stored
away on some peripheral device or file , such as a magnetic tape . Al l of

S the data input to or generated by GEF-IACS are stored in an orderly manner

• on this file. In this way the status of the analysis at that point in

- 
time is saved; and it is availabl e for l ater use as a starting point from

which a modified analysis stream may be beç’un.
5 5  The checkpoint command is shown in Figure 61. Since most of the items

can be defaulted , it is generally a very simple input card to generate .
S 

The symbol CHKP~\IT signifies the type of command. The first -I tem (LU)

designates what file number the checkpoint tane or disc Is loaded on.

S 
This is one of those fil es that must be accounted for when specifying

- the number of files as a global parameter (NUMFIL in Figure 52). As a rule

one uses the default value which puts the checkpoint storage device on 
S

logica l unit seven.

S 
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CHKPNT ftU=~j LFILEID = A1 LCPINC= N1 LNRI S

CHKPNT CPINC = 60 1

CHKPNT

FIGURE 61. THE CHECKPOINT COMMAND
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The FILEID item can be used to label the checkpoint file wi th an

identifier significant to the job . This is useful when several checkpoint

files are floating around. GEMACS compares this name with the one that

is given in the restart command (Section V.H); and if the two differ, a
• warning is printed out advising the user to double check to make certain

that the correct checkpoint data is being used. The default name for the

file in this and the restart command is CIIKPUT.

S 
. The next item, CPINC, specifies how often the checkpoint is to be

taken , counting in mi nutes of computer processing time (not wall clock

S time). This is the actual time that the computer is working on the problem.

For longer problems it is recommended that a checkpoint be taken every

60 minu tes. Taking a checkpoint on a large problem may require five

minutes; and if taken too often, a large percentage of the time could
- 

be spent just transferring data to the checkpoint file. Separating the

- checkpoints by too great a time runs the risk of termination a long time

S after the last checkpoint, which may cause expensive duplication of all

S the operations since that last checkpoint was taken.

S If this item is defaulted , an Immediate checkpoint is taken regardless

S of what task has just been completed . For reasons to be explained shortly,

a checkpoint should be taken just after the interaction matrix has been

completely generated. In this way a record of the completed matrix will

be ava ilabl e if a change in the bandwidth is desired . Remember , the genera-

tion of the interaction matrix is an expensive process.

The final item , IIR, provides control over whether or not an historical

record of the checkpoints taken is kept. l!hen the symbol “URfl is typed

5 -31
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on the ca rd, GEMACS will not rewind the checkpoint file. The next check-

point will start right after the last record of the previous checkpoint.

This is true whether the checkpoints are taken at specified intervals of

time or taken imediately. When restarting , any checkpoint taken during

the course of the analysis will be available for access. S

If this item is defaulted, then after each checkpoint is taken theS 
file Is rewour)d and the subsequent checkpoint will then start at the be-

ginning of the file. In effect one is wipi ng out checkpoints as new

data are stored on the file. The disadvantage of this course of action

is that when restarting one can access only the last checkpoint wri tten. S
Rewind ing and overwriting save storage space, but they limi t the flexibility

when restarting. 
.

Sample checkpoint commands are also shown In Figure 61. The examples -

are identical to the commands used in the analysis of the sampl e problem.

In the f irst example , it is specified that a checkpoint will be taken S

after every 60 minutes . of computer processing time. Note that the file

S is to be rewound before each new checkpoint is taken. The historical

record will be lost, but storage space will be saved ; this will he

significant since there are so many elem ’nts in the interaction matrix.

Such a timed checkpoint command should appear early in the task command

in put stream. In the example it is just after the read geometry (GMDATA)

command, as shown In Figure 62.

The second example in Figure 61 shcn;s what an immediate checkpoint S
‘ I command would look like . The default values for the file name and device

S number have again been used, as well as a default for the “NR” parameter.

S-32 S
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• $
$ COUPLING BETWEEN TWO NONOPOLES (0.25 and 0.75) LOCATED ON

• $ TOP OF A COP~4IJNICATIONS HUT. THE SHORTER ANTENNA HAS A$ SOURCE OF ONE VOLT. THE OTHER IS LOADED BY 50.0 OHMS. THES 
- $ FREQUENCY EQUALS 750.0 MHZ.

S 

$
t $***************************************************************e*.******

$************************************************************************1
NUMFIL*17 S

TIME~57O S

FRQ—750.O
S DEBUG ON H.P

S 

GN~~TA-HUTTOP
DEBUG OFF

S 

CHKPNT CPINC—60
- ZLOADSwLOAD GN~~TA HUTTOP ZIMP—50.0,O.0 SEGS~156

SOURCEIIVSRC(HUTTOP) V~1.0,0.0 SEGS~170
ZGEN SINCOS GMI~iTA~HUTTOP ZMATRXaZIJ ZLOADS~LOADS 
CHKPNT

Bl4DZIJ.BAND(ZIJ) BNDW—500
BNDZIJ—LUD(BNDZIJ)
CHKPNT

• BNDZIJ*CURENT.SOURCE_ZIJ*CURENT ~ XITR~1O
PRINT SOURCE CURENT

• END OF CO~~ ND STREAM
FIGURE 62. EXECUTION LANGUAGE INPUT STREAM
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Finally, no Input is specified for the increment parameter . Therefo re,

the checkpoint will be taken as soon as this comand Is encountered -In

the execution sequence. As can be seen from the sample problem input in

Figure 62, checkpoints are to be taken as soon as the interaction matrix

has been generated and just after the banded matrix has been decomposed.

1Jhenever a checkpoint is taken during the analysis, a standard message . S

Is printed on the GEMACS output. An exampl e of this is to be seen on

page 20 of the Appendix. The first line gives the unique numerical iden-

tifier of the checkpoint and the CPU time at which the checkpoint is

bei ng started. There then follows a listi ng of the names of the common 
S

areas being stored on the file as we ll as the number, name and size of all

peripheral files that have been generated during the analysis. The last

part of the printou t gives the CPU time at which the checkpoint was con-

pleted, the length of time it took to take the checkpoint and the size

of the checkpoint file i~ number of words written. All times are

given in minutes of co~puter processor time (CPU).

S tlith the exception of the output commands (Section VI) a discussion

of all the execution comands that are Included in the orig inal input

to perform the coupl ing analysis using the tIN! technique has been completed.

The corplete execution cornand input stream is shown in Figure 62. This

is pretty much the ~-iay that the commands would be sequenced in order to

obtain the currents that are flowing on any structure. Still other con-

mands are ava ilable , and they are discussed In the following four sub-

S. 

sec tions and sections VI through IX.

1 1
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H. Restarting

When analyzing a structure which requires a large number of subsections,

it is necessary to divide up the process Into several sittings or “runs1 .

This means that the job must be submitted more than once possibly be-

cause other jobs require the computer resources being used. The restart

- 
command initiates a run someplace In the middle of the analysis instead

S 

of starting over from the beginning each time. This is made possibl e by

• using the data that have been stored away on the checkpoint tape.

The format for the restart command is shown in Figure 63. The symbol 
S

Identifying the type of the command is RSTART . The next two items,

S LU and FILEID , are the same as those in the checkpoint comand (Section

V .G). If not , then the entries for these two items must be identical in

both types of commands.

The last item in this comand, CPNUM, specifies the checkpoint number S

from which the resta rt is to begin. As explained in Section V.G., each

checkpoint Is given an unique numerical identifier . This is true whether

the file is rewound between checkpoints or not and whether it is a timed

checkpoint or not. It is this identifier that is input for the CPNUM

S item. As can be seen in the sample problem output on page 22 of the

Appendix; the checkpoint number immediately precedes the description of

the data that are being stored on the file. The rest of the description

Incl udcs a list of the cornon blocks read from the checkpoint file together

- with their sizes, followed by a list of the names and sizes of all the

peripheral f iles . If a name were given to the checkpoint fIle, it would

1
• 

—-

~~~~

- - 
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RSTART LLU = NJ [FILEID = A] 
- 

CPNUM = N

RSIART CPNUM = 4 5

END OF COMMANDS

I

FIGURE 63. THE RESTART COMMAND S

~~ 
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appear before the number of this file and the number of the checkpoint.

The example shown in Figure 63 shows what the total execute command “S

l ist would look like if one were simply restarting from some point in the 
S

analysis after an execution was prematurely terminated. It would contain

only the restart and end (Section V.J) commands.

It should be pointed out that one logical unit can be used to restart
S from and a second uni t used to take subsequent checkpoints on. In this

S way the integrity of the data on the original checkpoint file can be

maintained. To do this some logical unit (LU ) other than seven must be 
S

specified in the restart command and a clean storage file loaded on

seven to accumulate later checkpoint data. A good alternate to seven would

• be three or four, since at present these are unused.

- 

In addition to simply restarting one can modify the original input
stream; for exampl e to increase or decrease the bandwidth with which the

• BAu D and Bill cornands are to work. This is done by using the WIPOUT
S 

comand , whose format is shown in Figure 64. The symbol WIPOUT indicates

the type of command, and the N ’s are the command sequence numbers to be

wiped out. Note that there is a difference between card numbers and com-

mand sequence numbers. The comment cards shown in Figure 62 are cards one
S through ten, but they are not commands. Card 11 contains comand one, and

card 25 is command 15. Also If a command requires one or more continuation

cards, the continuation cards do not increase the comand sequence number.

The first example In Figure 64 illustrates the process of eliminating

particular commands from the original task list. Any number of individual S

S tasks may be deleted in this manner.

~~~~~~~~~~~~~~~~~~~~~~~~ 
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WIPOUT N N ... N S

—OR- 
-

WIPOtJT N N 99999

WIPOUT 3 6 12 (FICTITIOUS )

WIPOUT 12 99999

I • I
. 1

FIGURE 64. THE W IPOUT COMMAND
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There Is a shortcut for the WIPOUT command, and is also shown in
Figure 64. The nianber 99999 has the significance that all commands,

starting with the command whose sequence number Is equal to the value of
the N preceding the number 99999 down to, and including , the WIPOUT
command are all deleted. To see this, think of the list of commands as

generating a task list. Such a list can be seen on pages A-iD and A-I) of

the Append-tx. An explanation of this list is to be found in Section VI.E.

The commands In the restart also generate a list which Is appended to the

bottom of the original list. If the N were 12 then all the tasks from 12

through the wipe o~t command would be eliminated . The second example in

Figure 64 shows such a command.

The use of this second example In the Input stream for the sample pro-
blem (Figure 62) would eliminate all the commands below the first immediate

checkpoint; that is, from the BAND command down . The WIPOUT command could

then be followed by a new BAND command , specifying a different bandwidth.
This new command would then need to be followed by a sequence of commands

identical to the original sequence since that original sequence was deleted.

One command cannot be replaced by a new command and not disturb the se-
quence following the command that was replaced. The original commend

would be deleted and the replacing command put out of place at the end of
S 

the modi fied task list. This is further explained in Section VI.E.

In the second part of the sample problem shown in the Appendix, the

analysis is restarted after the interaction matrix has been generated. This

is shown on page A-48 of the Appendix. A full matrix solution process
-
~ (Section VII) is then implemented to solve for the subsection currents.

S 
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S There is one more point to keep in mind. If the operation has already 
S

begun and not been completed, its command cannot be wiped out. As can

be seen from the sampl e output, the first checkpoint occurred while the

interaction matrix generation comand (ZGEN) was being executed. It could

not have been deleted in the restart . This is one advantage of the immediate

checkpoint as used in the sample input stream. The full matrix has been

S generated and stored , and the actual sol ution process has not started. Thus , S

a solution process different from the original can be used on a restart.
S 

As a matter of fac t, this is what was done starting on page 49 of the

Appendix . Also the bandwidth can be easily changed on a restart s ince the S

origina l BAND command has not yet begun to be executed.

I. PURGE

In order to save as much storage space as possible , all files and data

that will no longer be used in the ana lysis should be eliminated. This is

accompl ished by the use of the PURGE command , shown in Figure 65. This

also has the advantage of making the checkpoint file shorter and reducing

the time it takes to transfer the data to this file.

The comand itself is quite simple. It consists of the ninenonic PURGE,

followed by the list of symbols whose files are to be purged. One example

that is often used is to purge the interac tion matri x after it has been

decomposed. This Is done only when using the full matrix solution .

It cannot be done when using the Bll solution process until after the

currents have been obtained , since the original interaction matrix is

referenced by the BI-!I conmand -

S 
-~~~~~~~
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PURGE SDS SDS ,., SDS 
5 5

PURGE BNDZIJ BNDUPR BNDLWR

FIGURE 65. THE PURGE COMMAND
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The example shown in Figure 65 is taken from the command language

stream used in the second part of the sample probl em. In this part a full
S 

matrix solution is used to find the currents on the wire grid model.

Therefo re , the banded matrix and its upper and lower derivatives are no
longer needed. The command shown in Figure 65 will elimi nate these files

from storage and from all future checkpoints.

J. END

The final command that w ill a ppear in the tas k execu tion command stream S

is the END command . As shown in Figure 66 , it consists simply of the

three-letter symbol “END” . It is used to indicate to GENACS that all the S

commands ha been inpu t and processed.

As is the case wi th the END command in the geometry inpu t (Section IV.A), S

there is no need to separate the comment by a dollar sign ($) . All that

is needed is a blank space or a comma. The message shown in the example

in Figure 66 is a typical one used in all input decks.

K. The SET Command
S 

This command , shown in Figure 67 , is used to initialize or change the

data associated wi th some set. One use of this command was mentioned in

connection wi th the banded matrix iteration comand (Section V.F).  There

it was stated that an initial value coul d be used for the curre:;ts to possi-

bly speed up the iteration process. Use of this command could also be an

al terna te way to develo p the exc i tation matr ix , instead of using the vol-

tage source corinand (VSRC) or to devel op the load matri x (ZLOADS command),

both discussed in section V.0.
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END S

END OF COPTIAND STREAM

FIGURE 66. THE END COIIIAND 
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SET SDS = N, (NJ [R1=N] [R2=N] (C1=N ] (C2=N ]

SET SOURCE = 0,0,0,0 R2 = 100
S 

SET SOURCE = 1.0,0,0 Ri = 33 
(FicTiTious )

FIGURE 67. THE SET COMMAND

I
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As can be seen in Figure 67, the mnemonic for this command is SET. The - S
symbol SOS represents the name of the file being generated. The data are

• inpu t in either real or complex form, indicated by “N,[N]” . If the data

are real , the second value is defaulted. If the data are complex , then two

values iust be input, even if one or the other is zero . Uote that only one

real or one complex value may be inpu t per command . This value will then

be use d for al l the el ements that exist within the row and column limits 
S

S 

specified in the command.

The last four items shown in the cornand in Figure 67 specify these row -

and column limits . Any or all of these items may be defaulted. Ri and R2

are the row limits of the elements to which the values will be applied. ci S

and C2 are the lowest and highest column lir~its , respectively. The default

value is one for Ri and Ci; and R2 and C2 are defaulted to Ri and Cl , respec-

tively. This latter holds true even If Ri and Cl have been defaulted.

An example of the use of this command is also shown in Figure 67. It

assumes that an excitation matrix , labeled SOURCE , al ready exists and that

it consists of 100 el ements. It is desired to change the boundary condi-

• tion such that only one subsecti on is excited by one volt. The first

S connand will set all of the elements to zero . Since the exc itation is a

complex numLer , two values are input , one rea l and one imaginary . The default

value for Ri has been used , while R2 has been set to the number of rows in

the matrix. Since there is only one column in the natrix , Cl has been

defaulted to one ; and C2 has been defaulted to Cl.

The second cornand then sets element 33 to one volt. In this command

R2 has been defaulted to Ri . Again , Cl and C2 have each assumed their

S default values .
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H Note that if element 66 was also to have been set to one volt , then a

separate command woul d have been needed. Setti ng R2 to 66 in the second

command would have resulted in elements 33 to 66 each having a value of one

vol t.

I
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VI. OUTPUT

There are three types of output provided by GEI4ACS : the standard
boiler-plate, those data specifically requested by the user; and error
messages and debug information needed by the user when he has a problem

H running the con~uter code. Exampl es of the first two may be seen in the
output listing of the sample problem contained in the Appendix.

A. Standard Output

Figure 68 shows a list of those types of data that are always printed

out by GEMACS regardless of the problem or the specific data requested by

the user.

S 
The first output provided by GEMACS is the list of keywords that may

not be used as symbol names. This is identical to the list that is shown

in Figure 50. This list is printed out strictly as a convenience
in case there i s an error message stating that one of the names

that is used is not acceptable. However, other reasons for such a message
S 

would be a name that Is greater than seven characters in length or one

whose initial character is not one of the letters of the alphabet.

The date and time are next provided by GEMACS to the user. This infor-

mation really comes In handy when one starts piling up stacks of computer

paper and loses track of the order in which things were done.

S 
A list of the task commands input by the user is next printed out.

S Normally It Is just a straight listi ng of this part of the input deck. How-

ever, If any errors were detected on any of the commands, the error will be

printed out Immediately after the erroneous card. The subsequent commands

will also be processed and errors searched for, but the analysis will be

6-1
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S ~~~~~~~~~~~~~~~~~~~~~~~~ S SS

RESERVED KEYWORDS
DATE AND TIME
INPUT TASK COMMANDS
GLOBAL PARAMETERS (IF ANY ) 

S

INPUT GEOMETRY COMMANDS S

SEGMENT DATA TABLE
LOADS (iF ANY)

EXCITATION
TASK PROCESSING
ANTENNA/LOAD PARAMETERS

S 

FIGURE 68, STANDARD DATA OUTPUT
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terminated after the last card of the geometry input has been scanned. S

The global parameters will be printed out next, if any have been spec-

ified. These data include the number of files available, the time allowed

for execution, the frequency in megahertz at which the analysis is being S

performed, and the conductivity and permittivity of any imperfect ground.

The global parameters are followed by a listing of the geometry input
S deck. As In the case of the command language deck this will be a straight

listing unless an error was detected In the format. Typographical errors

that result in the erroneous location of one or more subsections will not

cause an error message. These will have to be ferreted out by the user.

These first five items are printed out mainly as a check for the user

to satisfy himself that what he thought he put into GEMACS is actually what

did get into GEMACS. The first analyzed data that are printed out are the

S 
specifics relating to each of the subsections. The data are contained

in the segment data table , whose headings are listed in Figure 69. Each

line in the table contains the data for one particular subsection .

The first column represents the tag number assigned to each subsection

as It is generated. Looking at the output , it is seen that most of the

fIrst 312 subsections have a tag of two. This Indicates subsections of

S the fine-mesh grid which was defined In coordinate system number two.

Two subsections each have a tag of three, indicating the transmitting

antenna. Six subsections have a tag of four Indicating the receiving

antenna. The rest of the subsections belong to the coarse-mesh grid and

have a tag of one.

6-3
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TAG
XN S
XC
XP

I YN
I YC 

S

YP S

ZN
S ZC S

ZP
RADIUS
LENGTH

S END1
ISEG
END2 

•

~

FIGURE 69. SEGMENT DATA TABLE HEADINGS

I
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The next nine coluams list the (x ,y z) coordinates of the ends and cen-
ter points of the subsection. The letter NNSS stands for the first coordi-

nate point on the wire Input (WR) card; the letter II~~ N stands f r  the second
coordinate point on the wire card. The letter NCH Indicates the cente r

-

~ coordinate of the subsection. Therefore, reading the table from left to

right, the start, center and end points, respectively, for each coordinate

are given. By readIng this table carefully one can then tell whether or not
S each subsection Is prop erly positioned in the wire model . Note that these

values are In meters in the global coordinate system only.

The next two columns of the segment table list the radius and length
in meters, respectively, of aech subsection of the wire model . By glancing

through the table it is seen that each subsection has a radius of 0.000776
meters and that the length of each of the first 312 subsections Is 0.05
meters. For the coarse-mesh part of the grid the length of each subs ection

S Is ei ther 0.05 or 0.1 mete rs . These data are to be expected based on

S 
the figures in Section IV showing the generation of the wire grid.

S S 
The next column, label ed “ ENDi ” , sp ecifies what Is the lowest numbered

segment attached to the negative end of the subsection. The word “negative”
Is used in the sense that one tra vel s al ong the subsection from this end

S 

(END1) or point to the other end (END2) or point . There Is also a signi-
S ficance attached to the sign asso ciated with segment numbers listed in this

S column. The number In the first row of the sample output has no sign, while

the number in the second row has a negative sign. The absence of a sign
indicates a conn ection with the positive end of that subsection , and the
presenc e of th . negative sign shows a connection to the negative end of the

6-5
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subsection Indicated . Therefo re , the negative end of segment one is
connected to the positive end of subsection 30; and the negative end of sub-
section two is connected to the negative end of segment 358. This Is shown
in Figure 70, which is an expanded view of part of the wire grid model .
The arrows indicate the reference dir ection of current flow. The reason

why plus one Is not in row two instead of -358 will be explained shortly.
The next to last column, ISEG, simply contains the subsection number

for which the data in that row apply. W ith one exception,the numbers in

this column appear only once. That case Is Illustrated in the row just

below ISEG equals 396. The segment number as well as the tag for what

should be subsection 397 is zeroed out. This indicates that subsection 397

Is a duplicate of a preceding segment. That this duplicate subsection

is numbered 29 can be determined by comparing Figures 38 and 45. This can
‘al so be verified by checking the list of duplicate subsections which occurs

just before the segment data table. In the case of the sample problem there

are 24 such duplicate pairs of subsections.

The final column in the segment data table gives the lowest numbered

subsection and its end which is connected to the positive end of the sub-

section whose row is being studied.

GEMACS, in determining the data for the columns labeled “ENDl ” and “END2” ,

always looks forward from the subsection number under consideration. The

fi rst larger number it finds is the number that would be entered In the

appropriate col umn. When the count reaches the highest segment number,

GEMACS then cycles back to segment one and starts counting upward looking

6-6
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FIGURE 70. SEGMENT CONNECTIVITY SAMPLE
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for a subsection connected to the point. When it reaches the number of the 
S

S 

subsection listed under ISEG , then the searching ceases. In this manner
S 

a circular linked list Is established. This will aid in determining

what subsections are connected to a particular point. S

As an exampl e of its use, one of the things to be accomplished when

setting up the wi re grid model Is to have the base of the antennas

connected to an intersection of the wire grid. This can be determined by

use of the circular linked list. The procedure would be as follows.

First of all locate the subsections that have tags of three and

four. Then find the one subsection In each tag group that has one end r

located at X equals 0.0. The search narrows down to segments 170, 171 and S

156 to 161 . The second search pinpoints subsections 156 and 170. The

(x ,y,z) coordinates of 170 and 156 are (0.0, 0.75, 0.45) and (0.0, 0.55,

0.45) , respectively. Now segment 170 is connected to the positive end of

172, which Is connected to the negative end of subsection 173, which is

connected to the minus end of segment 135, which is finally connected to

the plus end of 169, which then points back to the negative end of 170. - 
-

Thus , subsections 170, 172, 173, 135 and 169 all meet at one intersection. 
- 

S

1 Similarly, it can be determined that 156, 162, 163 , 127 and 155 all meet S

at one point. Thus, the two antennas are each located at an intersection

of the wire grid.

Returning back to Figure 68, it is seen that the load data are next . 
S

printed out, If any such data exist. The sample problem output shows 
S

the name of the data set (LOAD), the data showing the segment num-

bers on which loads are placed and the values of those loads.

_ _ _  1
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The load type is “ZIMP” , indicating a lumped load resistance and reactance
is also shown.

These data are imediately followed by the data on the excitation. The S

S 
geometry FUTTOP is excited by the values contained in SOURCE. The excita-

S tion typ e, location and strength are also shown. S

The output that appears between the data for the excitation and the ta-
ble of values of current traces the actual task execution. The tasks are

- accomplished In the order in which the task coemands are sequenced. So,
the first operation that occurs , as seen in the sample output, Is that the
impedance matrix (ZIJ) is being filled. Other auxiliary data such as the

5 names of the geometry and load data sets are printed out, as well as the

electrical parameters of the problem.

Then it is seen that GEMACS extracts the banded matrix from the original

Interaction matrix ZhI with a bandwidth of 500. Also printed out are some
statistics relating to the interaction matrix for the center column of that
matrix. The band dominance factor Is the ratio of the band norm to the dlf-

-j ference between the column norm and the band norm , where the norm is the

square root of the sum of the squares of each element in that column. The
column norm is obtained by using all of the elements in the column, while

the band norm Is derived using only those elements that appear in the
banded matrix. The higher this ratio the better, since a higher ratio says

S that more of the larger interactions are included in the banded matrix.
S The next operation Is the decomposition of the banded matrix. It Is

shown that diagonal pivoting is being used by the N after the “pivot equals”
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identifier. This is the only pivoting allowed in the present version of
GEMACS because, as was reported in one of the BOM quarterly reports [6] ,

S pivoting increases the bandwidth required and this would decrease the eff I- 
S

ciency. Al so, for the matrices being dealt with, pivoting has not been found

S necessary. As a matter of fact, this parameter is not even an input in the . 
-

decomposition comand (LUD). S

Al so printed out are the maximum and minimum diagonal values of the banded -

matrix , as well as the ratio of these two values . This ratio can be used

as a measure of the ill-conditloness of the banded matrix. The higher the

ratio, the more unstable is the matrix and the greater the effects of compu-

ter round-off error on the accuracy of the solution.

The next data printed out relate to the BMI solution technique. The
S equation as input In the comand is printed out along with the maximum

number of iterations allowed , the convergence criterion chosen and the

value of that criterion to be reached before iteration is stopped. The

iteration process can then be followed. The predicted number of iterations

that will be needed and the values of each of the convergence criteria 
S

calculated at that iteration are also printed out. 5

Note that the first four iterations show that zero requi red iterations

are necessary. GEMACS does not make such a prediction until it sets up

a history of convergence, which requires four iterations to accomplish. S

After this, the figure for the number of predicted iterations is based on

the algorithm derived in Section F of RADC-TR-75-272 [6] .

6-10
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When convergence or divergence is reached, a message is printed Indicating S

this fact. The final values of the various convergence cri teria are given, S

and it can be seen that the final value of the chosen cri terion, the pre-

dicted relative error (PRE), is less than the value specified in the Bill
coninand.

The final data that are considered part of the standa rd output, as listed
• in Figure 68, are those data relating to antenna input and output power and

transmitt ing antenna input impedance. These are listed under the heading

“Antenna/Load Parameters”. For each subsection that is excited (110 in this
3 case) the magnitude and phase of the input impedance is printed out as wel l

as the power in watts delivered to the antenna . If there is also a load at-

tached to this subsection, then the power loss In this load in watts is also

given. S

• If the subsection is just simply loaded, then the first three items have

a value of zero. The power loss in the load is the only non-zero entry

for this subsection. This is done for subsection 156 in the output.

One final point to note Is that interspersed throughout the execution

trail are messages indicati ng that a checkpoint is being taken. The message

and its explanation are discussed in section V.G.

B. Calculation of Couplj~~

The antenna and load parameters that have just been discussed allow the

calculation 0f the coupling that exists between any pair of antennas In the

sys tem. The data supplied for subsection 156 specify the power delivered by

the receiving antenna to the load. As can be seen, this value Is 0.146

milliwa tts. The power delivered to the transmitting antenna (subsection 170)

T 

_  

S
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is given as 6.22 milliwatts . Calculation of ten times the log to the base
ten of the ratio of these two powers gives the coupling between the two
antennas as -16.5 dB.

Measurements were made on a similar structure [11]. Two monopoles were
mounted on flat plates, one of which measured approximately 5.33 wavelengths

on a side. The other plate measured approximately 11.4 wavelengths on a

side. The transmitting antenna was located approximately 1 .67 wavelengths
S 

from the nearest edge as shown in Figure 9A of reference [11]. The recei-S I
I ving antenna was 1ocated 1.67 and 3.17 wavelengths from the nea rest edges

and 0.5 wavelength from the transmitting antenna . The measured coupl ing S

was about -21 dB.

As discussed in the report several reasons can be cited to explain why

- 5  a discrepancy can exist between the measured and predicted data. First,

the measurements were not performed in a refl ectionless area ; and stray

-
~ radiation could cause an interference effect to exist such that scattered

fields from nearby surfaces could cause cancellation of the di rect field

I 

from the transmitting to the receiving antenna.

Secondly, the plate in the exampl e Is considerably smaller than the one

S 
on which the measurements were made. Also , the antennas in this problem

S are much closer to the edges than they were in the experimental setup. The

edge effects can cause unaccounted-for reflections.

Third , for the larger antennas it was difficult to keep the two mono-

S poles perfectly parallel and both orthogonal to the ground plane . The 
-- i - mathematical model has both of these characteristics built in. Thus , a
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- .  polarization loss factor could cause a lower value of coupling to be
measured in the experiment. S

It should finally be noted that the measured data that are presented in
the report are an average of several measurements taken on different days

- by different personnel. The measured data varied by one to two dB over
S the course of the experiment, especially when the longer antennas were in-

volved.

- Pending more careful experiments on a setup that more nearly approximates

S the mathematical model , it can be said that GEMACS provides a good engi-

neering approximation to a very tricky problem in the near fields of collo-
cated antennas.

F - C. The PRINT and WRITE Commands
S 

In addition to the data that are automatically output by GEMACS , the

data associated with any s)mibolic name can also be obtained . There are two

coninands available to obtain this Information. The first of these is

S the “PRINT” command, shown in Figure 71. This comand will result in the
S - enti re contents of the file being printed out. This command is most usually

used to print out the current in amperes and the excitation in volts per meter

on each of the subsections.

S As can be seen In Figure 71 the mnemonic for this comand is the

S i word “PRINT”. This is then followed by a list of the symbols, whose files
S are to be printed out. In the sample problem the voltage (excitation) and

S 

- 
the current are to be printed out. Therefore, the symbols “SOURCE” and

“CURRENT ” are specified in the command.

S 

- 
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PRINT SDS SDS,.ISDS

PRINT SOURCE CURENT

FIGURE 71. THE PRINT COMMAND
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There are two formats in which the data are printed out. If the data

are real , then -ten values per line will be printed out. If the data are

complex, only two values per line will be printed. In this case each value

will have its real and imaginary components listed, as well as the magni-

tude and phase. Examples of the complex format can be seen in the output

for the example problem.

Al so included with the data is a heading that gives the type of data
S 

- (real or complex) and the symbolic name of the file whose contents are

being listed. The lineage that is given shows what other symbolic names

are related to the one being considered. Thus, the current is derived from

the banded matri x (BNDZIJ), which in turn is obtained from the interaction

matrix (ZIJ) , which is finally dependent on the geometry data set (HUTTOP).

The excitation set, SOURCE, is only derived from the geometry (HUTTOP).

There are times, however , when the data set is too large to print all

of the values; and yet some portion of the data needs to be displayed in

order to check on the consistency of the data. One example of such a data

set would be the elements of the interaction matrix. For the sample problem

over 500,000 lines of data would be printed on 10,000 sheets of paper. The

WRITE command, shown in Figure 72, can be used in this situation .

Using this command part of the data associated with the symbol DS Is

output on the file specified in the LU item in a binary format, which can

S 

- be used as inpu t by other programs . The default value of the LU item is the

computer system high—speed printer . If the printer is used, then the data

are output in the standard ASCII character set.

S Al so, if the output is being written on the system printer, then the

t
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FILEID item is ignored, even if some value Is Input . If some storage file

is used, such as a card or paper tape punch, then a FILEID, If specified,

will be the first word output to this device. If no FILEID is specified ,

then no identifying word will be written on the output file. This word

can , therefore, be used to insure that the proper data set has been accessed . S

S 

Since the data can be thought of as being stored in a matrix format, it

can be said that the four remaining Items specify the row and column S

limi ts of the data that are to be printed. Any combination of these items S

may be defaulted , the defaul t values being dependent on what parameters S

have been defaulted . The va lues of Ri and Cl specify the first row and first

column , respectively, of the data to be output. Their default values are S

each one.

The values of R2 and C2 are the last row and column, respectively,

of the data to be printed out. Their default values are the values input

for Rl and Cl , respectively, if these latter values have been specified.

If they have not been specified , then R2 and C2 will default to the number

of rows and columns, respectively, in the matrix.

It then follows that If all four items have been defaulted , the

S enti re matrix will be printed out, just as If the PRINT command had been

used.

The example shown in Figure 72 will illustrate these statements. In

this example it is requested that part of the Interaction matri x be printed
S out on the system printer . The FILEID then Is not needed, and it has been

defaulted. The first row to be printed is row ten. Since the parameter R2

is defaulted , then only the data in the specified columns of row ten will

be printed out since R2 will defaul t to Rl In this case . The column limits
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are one and 650, determined by the fact that Cl has been defaulted (and

hence Is one) and C2 has been given as 650. If both Cl and C2 had been

defaul ted, then the entire row would have been printed out .

0. Electric Field Output

In addition to determining the currents on the structure, GEMACS also
calculates the electric field due to those currents . This can be done at
any point in the near- or far-field region of the radiating structure.

These data are then printed out in a tabular form and in an optional graphic - 
S

form. The command that accomplishes these functions is shown in Figure

73

S 
The symbol represented by SDS is the name of the data file in which the

S 
electric field data are to be stored. This item may be defaulted, in 

S

which case the data are not stored and cannot be later referenced. Use

of this option in no way affects the printing out of the tabular or graphic

forms of the electric field. The advantage of the default option is that 
- 

S

it reduces the number of data storage files required by GEMACS.

The defined symbol in parenthesis following the command mnemonic EFIELD

is the name of the data set containing the subsection currents.

The U, V and W in the next nine items represent the geometric variables

in the three comonly used coordinate systems: X ,Y and Z In the rectangular 
S

sys tem; R,e and 2 in the cylindrical system; and R,e and • in the spherical

sys tem. The symbols Ui, DU and U2 represent the initial value, the incre-

ment and the final value of the variabl e U. The same is true of the three

items relating to V and W. 5

Each of these three variables may represent any one of the geometric

variables In any one of the three coordinate systems . That is, Ul may

_ _ _ _ _ _  -~ - 55 
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represent either Xl , Yl or 21 in the rectangular system; Ri , el or Zl
in the cyl indrical system; or Ri, el or •1 in the spherical system.

Then, Vi would represent the initial value of one of the two remaining

vari ables in that coordinate system; and Wi would be the initial value

of the third coordinate system variable. S

This freedom of representation allows the user to Implicitly specify

how rapi dly each variable increments with respect to the other two

coordinates . U varies the least rapidly, V varies more rapidly; and W
is the independent variable against which the ratio of the electric field

vector to the maximum fiel d is measured. That is, the coordinate W

S 
is stepped through the range Wl to W2 in increments of DW before Vi

is incremented by the value of DV. Similarly, the coordinate V is stepped-

through its range before the value of U is changed.

The example shown in Figure 74 will make this clearer. This command

will print and plot the electric field behavior in the near field of the S

top of the hut. The complete output data are shown in the Appendix. It
S 

can be seen that the electric field vector data are pl otted as a function
S 

of Y first for X 0.0 and 2 • 1.4. The next tables and plots are for
S 

X = 0.O and Z 1.l and X •O.O and Z = 2.0. At -this point the value of X is

incremented to ten, and the value for Z reverts back to the original value .

There then follow three more sets of data corresponding to Z 1.4, 1.7 and S

2.0, respectively.

The optional graphic display is controlled by the following six-choice

item. If this item is defaulted , then only a tabular listing of the

data will be output by GEMACS. If one of the six choices is present, 
S

S then the plot will be In either a rectangular or polar form with axes
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EFIELD (CIJRENT) X1=O,O DX=].O,O X2=1O,O LINLIN
Z1=1,4 DZ=O.3 Z2=2,O
Y1=O,O DY=O.]. Y2=1.2

FIGURE 7L , THE EFIELD COMMAND EXAMPLE
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in either a linear or 1ogc~ritPun1c progressIon. Each of the six choices

is made up of two merged mnemonics as follows: S

5) •  LINLIN - Both the dependent and independent variables are plotted

linearly on a rectangular graph

2. LINLOG - The Independent variable Is plotted linearly and the

dependent variabl e is plotted logari thmically on a

rectangular graph

3. LOGLIN - The independent variable Is plotted logarithmically

and the dependent variable is plotted linearly on a

rectangular graph

4. LOGLOG - Both the independent and dependent variables are plotted
S logarithmically on a rectangular graph

5. LINPLR - The Independent variable is plotted as a function of 
S

angle f rom the reference, and the dependent variable

is plotted linearly on a polar graph -

6. LOGPLR - The independent variable is plotted as a function of S

angl e from the reference, and the dependent variable 
S

Is plotted logarithmically on a polar graph. - S

In each of these plots the independent variabl e will be one of the

S 
geometric variables: X ,V ,Z in the Cartesian coordinate system; R,e, 2

in the cylindrical coordinate system; and R ,e,~ in the spherical coordi-

nate system. The normal ized magnitude of the electric field vector will

be plotted as the dependent variable. This magnitude is not the abso- -

lute value of the electric field at the point being analyzed. It Is the

ratio of the field at that point to the maximum field calcul ated for all

S~~ ~~~~~~~~~~~~~~~~~ poin~~-gceses~~d b~~~
S th &I NJ*t ~~~~~~~~ ~$ 

~~~~~ ~~~~ ~~~~~~ ~~ 5~~~~~~ 5&b~ sS S 5
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normalized value, the normalization factor being printed out Just before

the tabulated values generated by the EFIELD command.
Note that if the LOG option is chosen, then the graphical and tabu-

lated value Is 20 times the common logari thm of the ratio of the point
- field strength to the maximum field strength. This represents the power

S in dB that the field strength at that observation point is down from the

S maximum value of field strength at all the observation points.
The simplest case Is that of the LINLIN rectangular plot shown in Figure

75 in which both axes vary linearly. In this case the independent
5 

variable Is plotted across the top of the page, and the dependent

variable is plotted down the page. The origin of the plot is located in

the upper left-hand corner of the plot . Figure 76 shows the same data

plotted in a LINLOG format , in which the independent variable is plotted

linearly across the top of the plot; and the dependent variable is plotted

- 
logarithmically down the side of the page.

The data for these plots are shown In Figure 71. The top line shows

the normalization constant that is used to obtain the absolute value of
- 

- the electric field vector at the observation points . The next line
H gives the values for the geometric coordinates which remain constant

for these data , In this case X and Z. The left—hand column shows the

variation of the independent variable, while the next six columns give

S the magnitude and phase of the three components of the electric field.

S 
The right-hand colusmi gives the power ratio in dB between the total electric

field at that observation point and the normalization factor.

For example, at V • 2.0 meters, the total electric field vector is
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0.0 0.~ 12Z—03 ¶l&3, 0.760T—03 .30,6 0. —0.37 —3. 00
5.0 0.’5S1.03 —70~3 0.8663—03 412 , 0. 131. —1.62
6.0 0.205*—Q3 30.5 O~ 9~6!_03 .107, 0, —122, •0.729
7,0 0. 250 2—03 $6~.O 0.1032—02 —9 1 , 9 0. .67.0 —0.209
0.0 0.2098—03 97.2 0.1052—03 —I0~7 0. .56 .5 — 0.233 1—00
9.0 0.3102—03 6 5 j  0.1032.02 .113, 0, .09:2 .0.4302—01

10.0 0.3372—03 —9 .01 Q,913! Ø3 473, 0. —16 0. .0,376

FIGURE 77. TABULATED DATA FOR FIGURES 75 AND 76
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approximately 0.4 mV/rn. Dividing this by the normalization factor

yields approximately 0.39 , whIch is the value plotted on Figure 75. Taking

the common logarithm of this value and multiplying by 20 yields -8.25 dB,

the value that is plotted in Figure 76.

The same procedures for interpreting the plots and tabulated data
can be used when studying the polar plots in the cylindrical and spherical

coordinate systems. Figures 78, 79 and 80 show the LINPLR , LOGPLR and

the tabulated va lues respectively, of a system being analyzed in the cylin-

drical coordinate system.

Again the first line of Figure 80 lists the normalization factor, and

the second line gives the values of the constant geometrical coordinates . 
S

The rest of the table is read identically to that shown in Figure 77,

except that the independent variable is now theta instead of V.

In the plots in Figures 78 and 79, the origin is located in the center

of the figure. The reference axis (the X-axIs) is shown in each figure

along with the direction of increasing theta, where theta is the angle
5 - 

around the Z-axls in the X-Y plane In the cylindrical system.

As an example, Figure 80 ind icates that for theta equal to 30.0 degrees

the magnitude of th~ electric field is approximately 0.35 mV/rn, which is
approx imately 0.32 of the maximum electric field at all observation

points. Multiplying this by the cosine of 30 degrees results in an
- X-ax is value of 0.275. Multiplying 0,32 by the sine of 30 degrees gives

a V-axis value of 0.16. These results are shown by the dotted lines in
5 

figure 78.

Taking 20 tImes the common logarithm of 0.32 results In the normalized

d8 gain shown in the right-hand column of Figure 80. In order to

-77
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1—h ILl NAT ITX 8
CTL!%DU C *L COOI DI!A71 32322 *

1201 yXILD 10* YIE LD D& ?A• CT). •C0I l lW T DAT & • 3 —Gz O K!Tl! DAT& XD130L
PO *$ALI ZAT!0! UCIOS 0. 111 2.02 V/ N

00*9202? 5)4 0 30 .0 2— 0.
2 ( 5 *0)  1CTN2?A )  2(1; D1 00!I

7R• N~GPITUD5 31012(320) *00UT0D2 P *&S1 (016) *&o $ITVDI PP011(I1 I ) P0lNA&Z $20
0, 0.1108—9 9 153. 0~ .421, 0. 10.2 —50.1

10.0 0 , 12 52— 0 5 1341 . 0 , 9 0 6 2 — 0 3  — 1 1 . 4  0. 145 .2 l.ll
20.0 0 . 179 2— 05 112 .  0. 10 02— 0 2 —7 .51 0. 15 .3 .0, 563
30.0 0 . 2 1 3 2 — 0 0  106. 0 .352 2 .03  20. 0 a. 10 .2 —9.99
00,0 0.1952— 00 111 . 0.6312.03 1455. 0. 15 j3 — 0. 65
50.0 0.1602—00 123. 0.11 a~ .02 155. 0~ ~0.2 —0 2555—03
60.0 0 .136 1— QIe 135 . 0,1 102— 02 155 , 0. 1l~ 2 —0.10070,0 0.1301—0s l5I 3~ 0,7922.03 459 ,  0. 45~3 —2.97
$0.0 0.1372—QI 1413, 0.3912.03 160, 0, ~~~ —1.93
90.0 0.1275.01 151. 0. iii , 0. 10.4 —31.1
100,0 0.1378—00 153~ 0,3912.03 .20.3 0. l6~3 .0,93
110.0 0.12 92—Os 1452. 0,7928.03 .30.1 0. II~.2 —2.96
120 ,0 0.131!—Os 135. 0,1102.02 —22 .2 0. 10.2 .0.100
130.0 0.1602— 0* 133. 0.111’—0 2 .25.0 0. i41~ 3 •O~.2361—0*100.0 0,1955.30 111 , 0,6512—03 .35 ,1 0. 15.2 —5 .65
150,0 0.2138—00 106. 0.3528.03 — 160 , 0, 15 ,3 .0.99
160.0 0,17q!.Qs 113, 0,1002— 02 1,2. 0. 11 .3 .0.563
170.0 0.IZSg—OI 1341. 0a906!~O3 46$, 0, 115.2 — 1. 01
100.0 0.11 08—Os 153 . 0. 59.5 0. 10,2 —*0.1
lgO ,0 0~ 135~ .Qs 1345 . Q~9S 1’—03 .11 .0 0. II ~ 3 —1 .37
200,0 0.lI0!—0s 113 ,  0,1052—03 .7,~ S 0. 10.2 —0.512
21 0.0 0 .2138—Os 106. 0,3502.03 49.2 o~ 15 .2 —9.90
220.0 0~ 195z.O* 11 1 , 0,6062.03 I I ’S , 0, 10 ,2 5~73
230.0 0.1608—Os 123. 0.111~.02 155 . 0. 14i~3 •0~~154l.0I
21.0. 0 0.13*2—00 135 . 0.1108.02 155 , 0. 10 .3 •0,137
250 .0 0 . 129 2— 00 1Il3~ 0, 793 Z 03 159 , 0~ .2 .95
260.0 0 . 13 72—0 0 1543. 0.3992.03 160 , 0. 11 .2 — 1. 91
270.0 0. 127 1—Q0 1413, 0. .63~.? 0. I$ .3 —33.3
200 , 0 0 . 127 1—0 0 153 . 0 .3~~9?-—03 — 20 , 0 o~ 10 .2 1. 91
290.0 0 . 12 92— 0 ; 102. 0.7938.03 •20~.9 0. 1e •3 —2.95
30 0. 0 0 , 1302.08 135 . 0 . 1 1 O ~ — 02 — 22 , 1 o. 15 ,3 — 0 . 131
3 10 .0  0 . ,60 5.o, 123 . 0.1 118.03 .20 , S 0. l5~~2 —0~~1562—01
320 .0 0~~’9Sz—os 111 . 0 .6068.03 ~~3I,7 0. 10 .2 —5 .73
330.0 0 .2131—05 106. 0 ,35 05— 03 .141. 0. 145 .2 — 9. 9 14  . S

31.0 ,0 0 . 1101.00 113 ,  0. 1051.02 173, 0. 10 .2 .O~ S12
350 .0 0 , 125 2 —O s 1341 . 0 ,9 5 12— 03  ill, 0. l1 •3 —1 . 37

FIGURE 80. TABULATED DATA FOR FIGURES 78 AND 79
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correlate this nunter with the plotted values of Figure 79 this

normalized value must be algebraically added to 100 dB, the dynamic

range of the polar plots. The result for theta equal to 30 degrees is

approxaimately 90 dB. Multiplying this first by the cosine of 30 degrees S

and then by the sine of 30 degrees yields 77.95 dB and 45 dB for the X-

and V-axis values, respectively.

There are ~ o points to be noted about the polar plots. First, they

are not square. Therefore , curves of constant power down are ellipti - 
S

cal rather than circular. Second the sign on the axis values should be

Ignored. Some values are preceded by a negative sign only because of the

limi ta tions implicit in ANSI standard FORTRAN coding.

The analysis of the plots and tabulated data in the spherical coordinate

S system is identical to that just presented for the cylindrical coordinate

S system. The only point to note is that in the spherical coordinate

system the independent variable may be ei ther phi or theta. The angle

phi Is measured in the X-V plane and is positive when rotating counter-

clockwise around the 7-axis. The reference (or zero-degree direction)

is the X-axis. The theta angle is measured from the Z-axis and is posi-

tive when traveling from this axis to the X-V plane. It has the same X-
S 

axis reference in the plots as was used for all the angular coordinates dis-

cussed.

Finally, when angular coordinates are used as the independent variable

in a rectangular plot, they are treated the same as any of the linear

Independent variabl es. They are plotted on the X-axis and may vary lin-

early or logarithmically.

S 
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E. Error Messages and Debug~ Output 
S

There is an extensive set of messages available to the user that S

Is printed when GEMACS encounters an error during input processing or

during the performance of an analysis. These are automatically printed 
S

out wi thout the need for a user request. In addition , a dictionary will -

soon be available as a supplement to the user ’s manual which will alpha— I
betical ly list the messages as they appear and provide information re-
garding the subroutine that generated the message , the cause of the error
and the steps to be taken to eliminate the error.

As mentioned before, if an error Is found during the reading of the

input deck, GEMACS will print the appropriate error message and continue S

processing the rest of the input cards . If subsequent errors are found,

further error messages are printed. However, execution of the analysis
5 process will not be initiated . GEMACS will terminate after the input pro-

cessing has been completed, and it will print out the contents of the input

deck with the error message immediately following an improper command.

If the error should occur during the execution of the analysis,

GEMACS will terminate the analysis at that point, print out an appropriate . I
error message and take a checkpoint, if a checkpoint comand (CHKPNT)

has appeared in the command stream prior to the command that ini tiated

the operation in which the error occurred. Since there is a checkpoint .

file available, it is possible to restart from the command at which the 
S

error occurred once the source of the error has been located and corrected. 
.

S 

However, keep in mind that If a command is changed, the erroneous command 
5

55

and all subsequent commands must be wiped out when restarting and replaced

by a new command stream (refer to the discussion in connection with Fi gure

6-3?
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In addition to the error messages a wealth of information is availa-

ble regarding the actual processing that goes on during the execution S

of an analysis. These data can be obtained through the use of the DEBUG

command, shown in FIgure 81. The mnemonic for this command is the word

DEBUG. If the option chosen is “Oil” , then the data generated during the

execution of the following command is printed out. Included in this print-

out will be the occurrence of any major operation, such as the storage or

retrieval of major blocks of data . Examples of such output can be seen

in example two of the GEMACS user’s manual [10).

If the option “OFF” is chosen, the program and the output return to

the norma l mode of operation. All commands between DEBUG ON and DEBUG

OFF will be affected and will have the diagnostic information printed

out during the execution of their operations.
S 

If the “TRACE” option is chosen , then the debug operation is turned

on. However, in addition to the information normally printed out GEMACS

S will also provide the user with information regarding the entry into or
- 

the exit from various subroutines during the execution of an operation.

- This will aid in following the program flow and can be of use in tracking

S down “bugs” wi thin the code.
S If the “STATS” option if chosen, then statistics are collected and output,

which describe what subroutines were accessed, how often, the amount S

of CPU time expended in each subroutine and the percentage of the total

- CPU time spent in each subroutine. These data are useful only when

modi fying GEMACS to increase efficiency. Also, the statistics are meaning-

ful only when the entire analysis has been accomplished without the need

5 for a restart, since in this case all statistics are reinitialized to zero.
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In addition, the use of this option significantly increases the cost of

an analysis since a large number of subroutine calls is involved in the

collection of these timing statistics.

In contrast to the other options availabl e, once the STATS option Is

turned on it cannot be turned off. However, statistics are automatically

collected whenever the TRACE option is in effect. In this case , when the

TRACE option is turned off, the collection of statistics automatically

ceases . S

If option “ILP” is chosen, then the debug operation will be on during

the reading of the input deck. All of the task tables, symbolic names and

other useful data will be output, which are hel pful in finding “bugs”

in that part of the code which reads the comands and sets up the execu-

tion tables based on the data contained In the commands. This option Is
S - illustra ted on pages A-3 to A-ll of the Appendix.

S The example shown in Figure 81 is taken from example two of the

GEMACS user ’s manua l [10]. The only command that Is affected is the one

that initiates the BMI solution process. The first comand would Initiate

the debug operation, while the last comand would terminate the operation.

-

~~ 
If this latter card were not present , debug output would be printed out for

all commands following the BMI command. Caution must be exercised when

using the DEBUG comand, since It may cause the printing of large volumes

of data. This Is especially true when the debug Is turned on durino

the execution o~ the Interaction matrix generation command (ZGEN).

V. - 3’;



VII. FULL MATRIX SOLUTION

In addition to the BMI matrix equation solution technique (Section V) S

GEMACS has the capability to solve the MOM matrix equation (Figure 5) using

the enti re interaction matrix by a Gauss-Jordan elimination process. The

sequence of commands shown in Figure 62 is very nearly the same as would be

used for the latter solution technique. The only difference Is that the
S BAUD, LUD and SMI commands would be replaced by the commands discussed in

this section.

There are essentially two equivalent ways to implement the ful l matrix

solution technique. The simpler of the two is to use the SOLVE command ,

shown in Figure 82. The three input quantities for this command correspond

one-for-one to the quantities in the MOM matrix equation, shown in Figure 5.

S 
That is, DS1 represents the name of the interaction matrix , SDS is the s,ym-

bolic name of the set of currents ; and DS2 is the name of the excitation
S matrix. This can be seen di rectly by studying the example shown in the

figure. Here the same symbols are used in the SOLVE command as were used
in the BMI command (Figure 60).

Use of this command results in the lower/upper decomposition of the inter-

action matrix followed by the forward elimination/backward substitution

process. As such it combines the LUD and BACSUB commands , a combination of
- 

which is the second method of implementing the full matri x solution process.
The decompos ition command (LUD) is the same as Is used in conjunction

with the Bill solution process and is discussed in Section V (Figure 59).
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The forward elim ination/backward substitution command (BACSUB), shown

in Figure 83 finds the solution for an excitation, given a previously

decomposed interaction matrix. Therefore, in Fi gure 83, DS1 represents
the name of the interaction matrix after.. it has been decomposed, SDS is
the name of the current vector; and DS2 Is the symbolic name of the cxci-

tation matrix.

The example shown in Figure 83 lIsts the two commands as they would

5

5 
- appear in a command stream after the interaction matrix generation command .

The first command would decompose the Interaction matrix , ZIJ , and store
It in the file label ed LUDZIJ. Then , the second command would perform
the elimi nation/substitution process using LUDZIJ and the excitation matrix, S

SOURCE, to calculate the subsection currents and store them in the matrix

whose name is CURENT .

Although the commands shown In Figures 82 and 83 result in identical out-

puts, they each have their own advantages. When using the SOLVE command ,

S 
the analyst needs to generate only one command to calculate the currents .

Furthermore, the generation of the decomposed matrix set is automatically
accomplished by GEMACS and need not be a concern of the user.

However, if the problem a~ hand requires the derivation of the subsection

currents for a number of nonlinearly related excitation sets, then the S

commands shown In the example in Figure 83 should be used. The reason Is

S that the interaction matrix and Its decomposed triangular matrices are not
dependent on the exc ita tion specified. As a result, the interaction matrix 

5

needs to be decomposed only once using the LUD co.ivnand, the resultant
matrix then being used In a series of BACSUB commands, one such command
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