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When Govermment drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
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This document is designed to give an overall view of the operation
of the computer code, to instruct a user in how to model structures,
and to show the validity of the code by comparing various computed
results against measured data whenever available. It, also, describes
tn detail the input and output data for the code. This information
should be sufficient for most user’s to learn how to effectively
operate the code.

SECUMITY CLASMIFICATION OF THiS PAGENhen Dete Entered) [ (

U AT o W e T e I e W Y AT - W



—ﬁ

l CONTENTS
' Chapter Page
1 INTRODUCTION 1
l I1 PRINCIPLES OF OPERATION 4
111 DEFINITION OF INPUT DATA 13
| l A. Commands CM: and CE: 15
i B. Command 10: 17
l c. Command UN: 21
0. Command US: 22
E. Command FR: 24
F. Command PD: 2%
l G. Command RG: 28
H. Command RT: 29
1 1. Command PG: 32
J. Command GP: 35 !
K. Command CG: 36
L. Command 3G: 39
M. Tommand AM: 44
N. Command PR: 48
0. Command NP: 49
P. Command NG: 50
I Q. Command NU: 51
R. Command NS: 52
S. Command NX: 53
l T. TCommand LP: 54
Y. Command PP: 85
V. Command XQ: 56
l ¥. Command EN: 87
v INTERPRETATION OF INPUT DATA 58 !
' v INTERPRETATION OF OUTPUT 62
VI APPLICATION OF CODE TO SEVERAL EXAMPLES 65
' APPENDIX 1 128
REFERENCES —_—————— A 130
l . Secesslen ST 4
LY 1/
i Lk Lion . :
| v gannea !} )
l Conantifiest i
TV o mm e - e
l | niatrivutior/
 Avatlriiiftv Cedon .,-
- Auctl onulier 1
I pist * Cpecicd :
| { | 1' - J

] -

1

-
-y

T T W L W WA




CHAPTER I
INTRODUCTION

The Numerical Electromagnetic Code - Basic Scattering Code is
a user-oriented computer code for the analysis of the far field pat-
terns of antennas in the presence of perfectly conducting metal struc-
tures at UHF and ahove. Complicated structures can be simutated
by arbitrarily oriented flat plates, an infinite ground plane, and
a finite elliptic cylinder., This type of analysis has been used
very successfully in the past to model aircraft shapesl,2,31. The
present solution has been extended to include a wide range of problems,
For example, flat plates can be used to model the superstructure
of a ship, the body of a truck, or the wings and stores of an aircraft,
The finite elliptic cylinder can be used to model a mast or smoke
stack of a ship, or the fuselage and engines of an aircraft.

The analysis is based on uniform asymptotic techniques formu-
lated in terms of the Geometrical Theory of Diffraction (GTD) [4,5,6],
The GTD approach is tdeal for a general high frequency study of antennas
in a complex environment in that only the most basic structural fea-
tures of an otherwise very complicated structure need to be modeled,
This is because ray optical techniques are used to determine com-
ponents of the field incident on and diffracted by the various sttuc-
tures. Components of the diffracted fields are found using the GTD
solutions in terms of the individual rays which are summed with the
geometrical optics terms in the far field. The rays from a given
scatterer tend to interact with other structures causing various
higher-order terms. 1In this way one can trace out the various possible
combinations of rays that interact between scatterers and determine
and include only the dominant terms. Thus, one need only be con-
cerned with the important scattering components and negtlect all other
higher-order terms. This method leads to accurate and efficient
computer codes that can be systematically written and tested. Com-
plex problems can be built up from simpler problems in manageable
pieces.

. mir———
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The limitations associated with the conputer code result from
the hasic nature of the analyses. The solution is derived using
the GTD which is a high frequency approach. In terms of the scattering
from plate structures this means that each plate should have edges
at least a wavelength long., In terms of the cylinder structure its
major and minor radii and length should be a wavelength in extent.
In addition, each antenna element should be at least a wavelength
from all edges and the curved surface. In many cases, the wavelength 1
Timit can be reduced to a quarter wavelength for engineering purposes.

Modeling small structures and antennas can be better accomplished
using an integral equation solution such as NEC-Moment Methods{7).
The Basic Scattering Code has been interfaced with the Moment Method
code so that the capabilities of both methods can be used to the
fullest, For example, the Moment Method code can be used to analyze
the currents and impedance of an antenna. The magnitude and phase

of the current weights can then be used in the Basic Scattering Code
to predict the far field patterns of the antennas in arbitrary pattern
cuts.

There are two documents describing the NEC-Basic Scattering
Code. The present document in known as Part . Part [I is a Code
Manual [8) that describes the FORTRAN coding in detail. The Code
Manual, first, gives background on practical aspects of the GTD,
Several examples are shown to illustrate how the various GTD fields
superimpose to give a total solution. Next, a particular GTD term
is discussed in more detail to show the general concepts involved
throughout the code. An overview on how the code is organized is
discussed along with a description of the various coordinate systems
involved, how a general subroutine is organized, and how the various
subroutines are interrelated. The Code Manual also contains for
each subroutine: (1) a statement of purpose, (2) an illustration
showing the geometry involved, {3) a brief narrative on the method
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used, (4) a flow diagram, (5) a dictionary of major variables, and
(6) a Tisting of the code. Finally, it defines the common blacks
and lists the system library functions used by the code. The in-
formation in the Code Manual will be of primary interest to someone
attempting to modify the code. It will also be helpful when the

code is being implemented on a computer system on which the coding
may not be compatible.

This document is designed to give an overall view of the operation
of the computer code, to instruct a user in how to use it to model
structures, and to show the validity of the code by comparing various
computed results against measured data whenever available. Chapter
Il describes an overall view of the corganization of the code. A
detailed description of the input command words and their associated
input parameters is given in Chapter IIl. How to apply the capabilites
of this input data to a practical structure is briefly discussed
in Chapter IV. This includes a clarification of the subtle points
of interpreting the input data. The representation of the output
is discussed in Chapter V. Various sample problems are presented
in Chapter VI to illustrate the operation, versatility, and validity
of the code. Most users of the code should find that the User's
Manual is sufficient to learn how to effectively operate the code.
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FHAPTER (]
PRIKCIPLES OF OPERATION

Trhe NEC-fasir Scatter ing Cnde s desianed te he a yser oriented
computer ecode,  The necessary data to descwibe a prekhlem can be input
and the resulting answers car he obtained with a minimum amount of
knowledge by the user on how the code operates. As with most codes,
however, it is necessary to have at least a hasic knowledge of the
key points in order to be able to intelligently use it and interpret
its results. This section is designed to give just a brief description
of the code for this purpose, The Code Manual, which is the secnnd 1

part of the Basic Scattering Code documentation, gives more in cepth
information about the FORTRAN coding. Thus, this information will
not be repeated here,

The NEC-Basin Scattering Code s constructed in a systematic
wav, such that the various operations of the code are set up in modu-
lar sactions., The flow diagram shown helnw illustrates the major
divisions of the main program. The first part of ths main prooram
is the input section where the qeometry of the prohlem is rescriked.

The method usad to input data into the computer cndn is hacad on
a command word system, Details of the availahle commands and the
wavs to use them are given in the next chapter,

Once the necessory information to describe 3 nrobhlem is input
into the code, the program analyzes the data and puts it into the
correct form so that the electric fields can be calculatar, This
includes normalizing the geometry to wavelengths, organizing the
data into the optimum coordinate svstem for computaticns, and de-
fining the fixed geametry hounds for a given source, Of course,
all of these operations and the ones to follow are done ovaque to
the nser,
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FLOW DIAGRAM OF THE MAIN PROGRAM

‘ Start )

Initilize Default Data

(From NX:)

Read and Write Command Word / i

{From Conmand)

Test
Command Word againts List
(see Table 2). If they
match go to the proper
command section

(see Chapter I11)

Since none of the commands match, '
write warning message !

Stop

From XQ:)

Make necessary conversion,
transtations and rotations
of the geometry if necessary

|——-———| Do loop on source elements

Y
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‘ Def ine bounds fixed by the geometry

=1 Do loop on K

»{ Do loop on J

————m] 0o loop on pattern angle

Rranch to section defined by K and J
{see Table 1}

Superimpose the various fields weighted
to the source magnitude and phase for
the particular source element

Continue

Print total field and
directive gains

Plot Fields

{Return to read new command)
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Table 1
List of Field Subroutines

Plate Field Subroutines K=]
J=1 INCFLD - direct field

J=2 REFPLA - field reflected from a plate

J=3 RPLRPL - field doubly reflected by plates

J=4 DIFPLT - field diffracted by a plate

J=R RPLOPL -  field reflected hv a plate then diffracter hy
a plate

J=v DPLRPL - field diffracted hy a nlate then reflected by
a plate

Cylinder Field Subroutines K=?

J=1 SCTCYL -  field scattered by a cylinder

J=? REFCAP -  field reflected by an end cap

J=3 ENDIF - field diffracted by an end cap rim

Plate-Cylinder Interaction Field Subroutines K=3
J=1 RPLSCL - field reflected by a plate then scattered by

a cylinder

J=2 SCLRPL - field scattered by a cylinder then reflected
by a plate

J=3 RCLOPL - field reflected by a cylinder then diffracted
by a plate

J=4 DPLRCL - field diffracted by a plate then reflected by
a cylinder,

The scattering code then computes the electric fields for each
individual source in succession, Each GTD scattered field type is
hroken up into a separate subroutine, As can he seen from the flow
chart, the cnde is structured so that all of one type of scatterer
field is computed at one time for the complete pattern cut so that
the amount of core swapping is minimized thereby reducing overlaving
and increasing efficiency. This also is an important feature that
allows the code to he used on small computers that are not large
cnotigh to accept the entire code at one time, The code can he broken
into smaller overlay segments which will individually fit in the

machine. The results are, then. superimposed in the main program
as the various segments are executed.
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The 7icld computation part of the code is divided intn three

larqge sections (the K=1,2,7 loop). The first section {K=1) contains
the major scattered fields associated with the individual flat plates
and the interactions hetween the different plates. These include

tha direct field. the sinqgly reflected fields, douhly reflected fiel~s,
the singly diffracted fields, the reflected-diffracted fields, and

the diffracted-raflected fields, The diffracted fields include the L
normal diffracted fields as well as slope diffraction, 2 newly de-

veloped peuristic corner diffracted field and slope-corner diffracted

field, The dauble Adiffracted fields are not included at nresent,

but 3 warning is provided wherever this field component might he
important. This is usually anly 2 small angular section of space.
This fielr may be included Tater whenever time and effort permit.

The second section {K=2} contains the major scattered fields associated
with the finite elliptic cylinder. This includes the direct field,

if not already computed in the plate section, the reflectec field

the transition field, the deep shadow fields, the reflected field

from the end caps, and the diffracted field from the end cap rims.

The diffracted field from the end cap rim is not at present corrected
in the pseudo caustic reginns. This is where three diffraction points
on the rim coalesce into one. This is only important in small angula-
reqinns in space and is not deemed appropriate ta he included at

the present time, An equivalent current method could be nsed for

this smail reaion but it is rather time consumina to use for the
bonefits derivyed from it for such a aereral cofe, The third sertion
(k=21 contains the mator scattered fields assnciated with the inter-
actinrs between the plates and cylinder, This includes. at present,
the fields reflected from the plates then reflected or diffracted
from the cylinder, the fields reflectecd from the cylincer then re-
flected from the plates, the fields reflocted from the cylinder then
diffracted from the plates. and the fields diffracted f+om the plates
then reflected from the cylinder. These terms have heen found to

be sufficient for engineering purposes when analyzing most structures.
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The subroutines for each of the scattered field components are
all stryctyred in the same hasic way. First, the rav path is traced
backward from the chosen observation direction to a particular scat-
terer and subsequently to the source using either the laws of reflection
or diffraction. Each rav path, assuming one is possihle, is then
checked to see if it is shadowed by any structure along the cnmplete :
ray path, If it is shadowed the field is not computed and the code E
proceeds to the next scatterer or observation direction. If the
path is not interrupted the scattered field is computed using the
appropriate GTD solutions. The fields are then superimposed in the
main program. This shadowing process is often speeded up by making
various decisions based on bounds associated with the geometry of
the structure. This type of knowledge is used wherever possible.

The shadowing of rays is a very important part of the scattering

—

code. It is obvious that this approach should lead to various dis-
continuities in the resulting pattern., However, the GTD diffraction
| coefficients are designed to smooth out the discontinuities in the
fields such that a continuous field is obtained. When a scattered
field is not included in the result, therefore, the lack of its pres-
once is apparent. This can he used to advantage in analyzing com-

plicated problems. Obviously in a complex problem not all the possihle
scattered fields can he included. In the GTD scattering core the
importance of the neglected terms are determined by the size of the
sn-called gliches or jumps in the pattern trace. If the gliches

are small no additional terms are needed for a good engineering solu-
tion. If the gliches are large if may he necessary to include more

terms in the solution. In any case the user has a gauge with which
he can examine the accuracy of the results and is not falsely led
into helieving a result is correct when in fact there could be an
error. The examples in Chapter VI illustrate these points and con-
firm the validity of the solution,




The source oresently considerer in the computer code is an elec-
tric or maanetic radiator with a cosine distribution in one dimension
and either a zero width or a uniform distribution in the other, It
has arbitrary length and width, arbitrarv magnitude and phase, and
arbitrary orientation. The source distribution is qiven as follows

Ifz )] I
dipele source: P ‘ cos( , *O,y =0, S <2 < H—S-
\ HS 2 p -
K(z ) K
P
Iz _,x )1 nz
p’ -HAWS HAW?
aperture source: p « m cos( _S'E) R .Vp=0, 7 XX _‘_C_TS‘ s
M(z ,x ’
p
-HS HS
- % zp <5

where the xp dimension is oriented in the THOX and PHOX direction
and the zp dimension is oriented in the THOZ and PHOZ direction,
as 1Ylustrated in Figure 5. The far-zone electric field is given
hy

N -Jkr'
F(ﬂp,d\p) z EOF?(H. JF (0 0*%p ) _r_

where for an electric source.

S

0

= IC.-

ImHS, dipole source

~ in
t?p - JmHS HAWS, aperture source,
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and for a magnetic source,

[-; d HS, dipole snurce

E0 s ]
o 4
¢p - Mm HS HAWS,  aperture source,

and where
g
sind_ cos{nHS cose )
F(8) = P P_.
z2'p 2 2

{1-4HS® cos“8_)

. p

1 , dipole source

o =
Felfps®y) =3
sinin HAWS sinapcos¢ }

HAWS sfﬁepcos¢p

» aperture source,

.

Any arhitrarv antenna can be simulated by superposition of the ele-
ments by mak ‘0 thy length HS small {HS = 0.2} and HAWS=N, spacing
the elements less than a quarter wavelength, and then weighting their
magnitudes and phases to simulate the current distribution of the
desired antennal9]. Since the radiation pattern is relatively in-
sensitive to the current distribution this method works very well.
This current distribution information can be obtained using the NEC- ;
Moment Method Code. Using that approach the field from an individual
element in the moment method interface section, assuming HS is small,
is given by

- jnOHS Im e-jkr'




hos T3 consistent resultant fields between the Moment Method I
and Rasic Scattering Codes, It should be emphasized that the time

required to calculate a radiation pattern increases hy a factor N

whoere N is the number of elemental radiators specified,

Even though the present code is based on the above source model
it can he easily changed by modifying the SQURCE subroutine and the
SOURCP subroutine. which contains the derivative of the pattern for
the slope diffracted fields. This information is given in more de-
tail in the Code Manual,

The brief discussion of the operation of the scattering code
¢ aiven above should help the user get a feel for the overall code
s0 he might hetter understand the codes capabilities and interpret
its results. The code is designed, however, so that the general
user can run the code without knowing all the details of its operation,
Yet, he must become familiar with the input/output details which
will be discussed in the next three chapters.
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CHAPTER 111
DEFINITION OF INPUT DATA

The method used to input data into the computer code is presently
based on a command word system. This is especially convenient when
more than one problem is to be analyzed during a computer run. The
code stores the previocus input data such that one need only input
that data which needs to be changed from the previous eéxecution.

Also, there is a default list of data so for any given problem the
amount of data that needs to be input has heen shortened. The command
word options presentlv available are listed in Table 2.

Table 2
Input Command Options

Command Description Page
AM: NEC or AMP Input 44
CE: Last or Only Comment Card 15
CG: Cylinder Geometry [nput 36
CM: Comment Card 15
EN: End of Execution 57
FR: Frequency 24
GP: Infinite Ground Plane 35
LP: Line Printer Listing of Results 54
NC: No Cylinder 51
NG: No Ground Plane 50
NP: Next Set of Plates 49
NS: Next Set of Sources R2
NX: Next Problem "3
PD: Pattern Data Desired 25
PG: Plate Georetry Input 32
PP: Pen Plot Results 3
PR: Puiar Radiated Input 48
RG: Far Field Range Input 28
RT: Translate and/or Rotate Coordinates 29
SG: Source Geometry Input K
T0: Test Data Gereration Options 17
tN: Units of Input ra
s Units of HS and HAWS in SG: 2?2

YQ: Execute Program &6
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In this system, all lincar dimensions may he specified in either
meters, inches. or feet and all angular dimensions are in degrees.
ALY Lhe dimensions are eventually referved to a fixed cavtesian co-
ordingte system used as a comnon reference for the source and scat-
tering structures. There is, however, a geometry definition crordi-
nate system that may be defined using the “RT:" command. This com-
mand enahles the user to rotate and translate the coordinate system
to be used to input any selected data set into the best coordinate
system for that particular geometry., Once the "RT:"” command is used
a1l the input following the command will he in that rotated and trans-
Yated coordinate svstem until the “RT:" command is called again.

See helow for more details, There is also a separate coordinate
system that can be used to define a pattern coordinate system, This
is discussed in more detail below in terms of the "PD:" command.

It is felt that the maximum usefulness of the computer code
can be achieved using it on an interactive computer system., As a
consequence, all input data are defined in free format suchk that
the operator need only put commas between the various inputs. This
allows the user on an interactive terminal to avoid the problems
associated with typing in the field length associated with a fixed
format. This method also is useful on batch processing computers.
Note that all read statements are made on unit #5, i.e., READ (5, %),
where the "*" symbol refers to free format. Other machines, however,
may have different symbols representing free format.

In all the following discussions associated with logical vari-
ahles a "T" will imply true, and an "F" will imply false. The com-
plete words true and false need not be input since most compilers
fust consider the first character in determininag the state of the
loaical variahle,
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The following list defines in detail each command word and the .
variables associated with them. Chapter VI will give specific examples
using this input method.

A. Commands CM: and CE:

These commands enable the user to place comment cards in the
input and output data in order to help identify the computer runs
for present and future reference,

1. READ: (IR{I), I=1,24)

a) IR(I): This is an integer dimensioned array used to
store the command word and comments., Each card
should have {M: or CE: on them followed by an
alphanumeric string of characters. The CM: com-
mand implies that there will be another comment
card following it. The last comment card must
have the CE: command on it, If there is only
one comment card the CE: command must be used.

Note: It is possible to place comments to the right of all the command
words, if desired.

FLOW DIAGRAM FOR CE:

15




FLOW DIAGRAM FOR CM:

=/ READ: (IR(I), 1=1,24) /
/ WRITE: (IR(D), 1=1,24) [

If CE: DT A’@

F
— 7 —<cn:
"

/ Write warning message /

‘ Stop ’




B. Command TO:

This command enables the user to obtain an extended output of
various intermediate quantities in the computer code. This is use-
ful in testing the program or in analyzing the contributions from
various scattering mechanisms in terms of the total solution.

1. READ: LDEBUG, LTEST, LOUT

a) tDEBUG: This is a logical variahle defined by T
or F. It is used to debug the program if
errors are suspected within the program.
If set true, the program prints out data
on unit #6 associated with each of its in-
ternal operations. These data can, then
he compared with previous data which are
known to be correct. It is, also, used
to insure initial operation of the code,
Only one pattern angle is considered,
fnormally set false)

b) LTEST: This is a logical variable defined by T

l or F. It is used to test the input/output
associated with each subroutine., The data
written out on unit #6 are associated with

' the data in the window of the subroutine,
They are written out each time the subroutine
is called. It is, also, used to insure
initial operation of the code. Only one

l pattern angle is considered.
(normally set false)

¢) LOUT: This is a logical variable defined by T
or F. It is used to output data on unit
#6 associated with the main program. It
too is used to initially insure proper opera-
tion. [t can, also, be used to examine
the various components of the pattern.
This is expecially useful to someone in-
terested in analvzing which scattering center
contrihuted in a particular direction.
See Table 3 for a list of the fields and
their identifiers.

?. READ: LSLOPE, LCORNR, LSOR

a) LSLOPE: This is a logical variahle defined by T
or F, It is used to tell the code whether
or not slope diffraction is desired during
the computation,
(normally set true)

17
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b) “CORNR: This i1s a2 1nqgical variable defined by T or
F. It is used to tell the code whether oOr
not corner diffraction is desired during the
computation,

(normatly set true}

¢) LSOR: This is a logical variable which is defined
by TorF, 1[It is used to specify whether
or not the operator wants simply the antenna
pattern alone,
(normally set false)

3. READ: JMN(1), JMX(1), JMN{2), JMX[2), JMN(3), JMX(3)

a) JMN(1), IMX{1): These are integer variables used to
specify a set of individual scattering compon-
ents that are to be included in the scattered
field computation for the plate structures
alore, JMN(1) is the minimum component number
and JMX(1) is the maximum component number
for the range of the set where the components
are defined by the following number designations:

skip the plates section

incident field

single reflected fields

double reflected fields

single diffracted fields

reflected-diffracted fields

diffracted-reflected fields

identifies double diffracted problem areas

{double diffracted fields are not computed

at present).

Normally JMN{1)=1 and JIMX{1)=7, This would

compute all the available field values for

a convex or concave plate structure.

YR N - O
LU T T TR I )

b} JMN(2}, JMX(2): These are integer variables used to
specify a set of individual scattering com-
ponents that are to be incluced in the scat-
tered field computation for the finite elliptic
cylinder structure alone. JMN(2) is the
minimum component number and JMX{2) is the
maximum component number for the range of
the set where the components are defined by
the following number designations:

0 = skip the zylinder section

} = incident, reflected, transition and creeping
b wave fields.
: 2 = single reflected fields from the end caps.

"
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3 = single diffracted fields from the end
cap rims,

Normally JMN{2}=1 and IMX{2)=3. This would

compute all the field values for a finiLe

elliptic cylinder structure. F

c) JMN(3), UMX(3): These are integer variables used to
specify a set of individual scattering compon-
ents that are to be included in the scattered
field computation for the interactions between
the plate and cylinder structures. JMN{3)
is the minimum component number and JMX(3)
is the maximum component number for the range
of the set where the components are defined
by the following number designations:

0 = skip the plate-cylinder interaction section,

1 = fields reflected from the plates then
reflected or diffracted from the cylinder,
fields reflected or diffracted from the
cylinder then reflected from the plates.

3 = fields reflected from the cylinder then

diffracted from the plates.

4 = fields diffracted from the plates then

reflected from the cylinder.

Normally JMN(3)=1 and JMX(3)=4.

FLOW DIAGRAM FOR TO:

_/ READ: LDEBUG,LTEST,LOUT /

2

/ WRITE: LDEBUG,LTEST,LOUT /

/ READ: LSLOPE,LCORNR,LSOR /

/ WRITE: LSLOPE,LCORNR,LSOR /

/ READ: JMN(I},JHX(I),JMN(Z).JMX(Z),JMN(3),JMX(3)J

/ WRITE: JN(L),JMX(1),MN(2) ,JMX(2),JMN(3) , JMX(3) /

10




! ~ Table 3
. [ndividual Field Types Printed when [QUT=_TRUE.

from plate MP ther reflected fram
the curved surface of the cylincder.
{For comparison only)

250 w Q 0 Field reflected from plate ¥P and
then scattered by the curved sur-
face of the cylinder

110 ue 0 0 Geometrical optics field reflected
from the curved surface of the cy- H
linder and then refiected from plate i
MP. (For comparison only) :

120 w 0 H Field scattered frem the curved i
surface of the cyiinder then re- !
flected from slata 4P !

340 uP b3 J Figld reflected f=om the curved
surface of the cylinder then dif-
fracted by 2dge ME of plate ¥P

350 NP ME a Field diffracted from edge ME of
plate MP then reflected from the
zurved syrface of the cylinder

IANGLE  [AMGLE  TNDEY 1DEY Sum of fields of a yiven type {INDEX)
far 1 given angle [{ANGLE)

1000 (ANGLE  TAMGLE  IANGLE Total field for a given angle { [ANGLE)

L K J 1 Field Type
4 100 0 0 a Direct field when plates are present
200 mp 0 0 Field reflected from plate MP
1 300 mp mMPp n Field reflected from plate MP then :
reflected from plate MPP !
§Q0 h ME 0 Ffield diffracted feom =dge MC of
plate WP
650 me ME 0 Fieid diffracted from the caorners
of edge ME of plate Mp
700 R wp ME Field reflected from plate ¥R then
diffracted from ecge ¥ of plate WP
750 b P ME Field reflected from plate MR tren .
giffracted by the corners of edge :
‘ ME of plate MpP ;
300 w ME “ Field diffracted from edge ¥ of
plate MP then reflected foom plate
R
350 w ME b ] Field diffracted from the corners
of edge VE of plate WP then reflected
from plate ™
1Y) J &} 3 Jirect Field shen 2nly cylinders
i1lone are present
120 0 0 0 Geometrical optics field reflected
by cylinder !for comparison only) .
130 . 0 0 o] Field scattered by the curved sur- .
face of the cylinder .
159 MC 3] o) Fiald reflected by end c3p M of i
the cylinder :
00 M o i} Field diffracted by the end cap :
rim MC of the cylinder :
240 wp | 4] Geometrical optics fleld reflected ;
1
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€. Command UN:

This command enables the user to specify the units of all the
linear dimensions to be input after the command is called, {The one
exception is the source length HS and width HAWS, see command US:)

1. READ: IUNIT

a) IUNIT: This is an integer variable that indicates
the units for the input data that follows,
sych that if

1 » meters
IURIT = 2 + feet
3 - inches

FLOW DIAGRAM FOR UN:

———

f READ: IUNIT /

Set up Conversion constant

/ Write units Specified}/7

-
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D. Command US:

This command enables the user to specify the units of the source
yength HS and width HAWS to be input after the command is called. These
variables are in the command 5G:.

1. READ: IUNST

a) IUNST: This is an integer variable that indicates
the units for the input data HS and HAWS that
follows, such that if

? + wavelengths
. + meters
INST = N2+ feet
3 + inches

Note that if the units are specified to be wavelengths for one source
it must be wavelengths for all of the sources specified.




FLOW DIAGRAM FOR US:

READ: TUNST /

sources are
def ined ve

If TUNST=0
f [UNSP=0

Write units Write units
specified are to he in
wavelengths

IUNSP=IUNST jett——r
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k E. Command FR:
This command enables the user to define the frequency in gigahertz,

1. READ: FRQG

a) FRQG: This is a real variable which is used to
' * define the frequency in gigahertz.
{
t
i

FLOW DIAGRAM FOR FR:

| (F®)
/  READ: FRQG /

/ Define wave]engths/

/ Write frequency and wavelengths /

74




F. Command PD:

This command enables the user to define the pattern coordinate
system, the pattern cut, and the angular range that is desired. The
geometry is illustrated in Figure 1.

1. READ: THCZ, PHCZ, THCX, PHCX

a) THCZ,PHCZ: These are real variables. They are input
in degrees as spherical angles that define
the z -axis of the pattern coordinate system
as ifrit was a radiil vector in the reference
coordinate svstem,

b} THCX,PHCX: These are real variables, They are input
in degrees as spherical angiles that define
the x_-axis of the pattern coordinate system
as ifPit was a radial vector in the reference
coordinate system,

Note that the new xp-axis and zp-axis must be defined orthogonal to
each other., The new yp-axis is found from the cross product of the
xp- and zp-ax15.

2.  READ: LCNPAT, TPPD

a) LCNPAT: This is a logical variable that defines the
pattern cut desired, such that if
{? + THETA CUT{conic cut)

LCNPAT = \F + PHI CUT (PRI constant)

b) TPPD: This is a real variable that defines the
pattern angle that is to be held constant,
sych that if

. T » TPPD = THP constant
LCNPAT = {F - TPPD = PHP constant

3. READ: IB, IE, IS

a) 1I8,IE,1S: These are integer variables used to define
angles in degrees. They are, respectively,
the beginning, ending, and incremental values
of the pattern angle.




| -  hant b n

FLOW DIAGRAM FOR PD:

O

/ READ: THCZ,PHCZ,THCX,PHCX /'

Define the pattern cut x ard z axes
from the input data coordinate system

Are they
perpendicular
o each othe

/ irite warning message/

Define the y axis from a cross
product of the x and z axes

Write the x,y,z axes of the pattern
cut coordinate system

/ READ: LCNPAT,TPPD /

//_Hrite the pattern cut desirgg_/7 '
/ READ: 1B, IE,IS /
/  WRITE: IB,IE,Is /




Figure 'a. Definition of pattern coordinate system,

-

AR BN
N--{--7

A /

\
\ -?»—-'rupsa, |

N

PHP =

Xp

Figure lb. Conic pattern cut, LCNPAT=,TRUE., TPPD=THP.
bzp
/, \ THP = O’
\
/ \

-l ——

—b!’

-
—— -

PHP2d, |
\\ ,’
~_.”
Xp -
Figure lc. Constant Phi pattern cut, LCNPAT= FALSE., TPPD=PHP,
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G. Command RG:

This command enables the user to specify a far field distance,
R, to the ohserver. The fields are then normalized by the factor

T.  READ: RANGS

! a) This is a real variable which is used to specify the
far field range, R,

Note that R should be in the far field of the scattering structure,
that is, R » 202/1 where D is the maximum dimension of the structure.
However, if R _ 1030. then the factor exp(-jkR}/R is suppressed.

FLOW DIAGRAM FOR RG:

Set range logic true
LRANG=.TRUE.

/  ReAD: rangs  /

_1

LRANG=,FALSE.
RANGE=1.

Convert to meters and
define a RANG Write no range
is specified

/ WRITE: RANGS,RANG /'

28
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H. Command RT:

This command enables the user to translate and/or rotate the coordin-
ate system used to define the input data in order to simplify the speci-
fication of the plate, cylinder, and source geometries. The geometry
is illustrated in Figure 2,

1. READ: (TR(N), N=1,3) j

a} TR(N): This is a dimensional real variable. It is
used to specify the origin of the new coordin-
ate system to be used to input the data for
the source or the scattering structures.

It is input on a single line with the real

| numbers being the x,y,Z coordinates of the

new origin which corresponds to N=1,2,3,

respectively,

~—. OoEs S O EE =N

Ar——t

2. READ: THZP, PHZP, THXP, PHXP

a) THIP, PHIP: These are real variables, They are input
. in degrees as spherical angles that define
the z-axis of the new coordinate system as
if it was a radial vector in the reference
coordinate system,

b) THXP, PHXP: These are real variables. They are input
in degrees as spherical angles that define
the x-axis of the new coordinate system as
if it was a radial vector in the reference
coordinate system,
The new x-axis and z-axis must be defined orthogonal to each other.

The new y-axis is found from the cross product of the x- and z-axes.

A1l the subsequent inputs will be made relative to this new coordinate

system, which is shown as Xgs Yer Zy s unless command "RT:" is called

. again and redefined,

_ .. - — Loa o L - " X ' : . .‘ '?!'I
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FLOW DIAGRAM FOR RT:

/  ReaD: (TR(N),N=1.3) /

Change units to meters

/ Write old and

new coordinates ,7

[ READ: THZP,PHZP,THXP,PHXP /

Define the rotation x and z axes

[
l('write warning messagg//

Define the y axis from across
product of the x and z axes

Write the x,y,z axes
of rotation

T W it o g WA g
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Figure 2. Definition of rotate-translate coordinate system geometry.
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I. Command PG:

This command enables the user tu ue.ine the geometry of the flat
plate structures to be considered., The geometry is illustrated in
Figure 3. One call to this command defines one plate. The number of

plates in the structure are automatically counted by the number of calls
to this command.

’ 1. READ: MEP(MP)

a) MEP (MP): This is a dimensioned integer variable, It
is used to definghthe number of corners (or
edges) on the MP™ plate,

'. 2. REAG: (XX(MP,ME,N}, N=1,3)

a) XX{(MP,ME,N): This is a triply dimensioned real variable.

Ittﬁs used to Specifytﬁhe location of the
ME™" corner of the MP"" plate. It is input
on a single line with the real numbers being
the x,y,z coordinates of the corner, in .7e
specified coordinate system, which correspond
to N=1,2,3, respectively, in the array. For
example, the array will contain the following
for plate #1 and corner #2 located at x=2.,
y=4.,6 2=6.:

Xx£1,2,1)=2,

Xx(1,2,2)=4,

Xx(1,2,3)=h,
This data is input as: 2.,4.,6.

This read statement will be called MEP(MP} times so that all the

corners are defined. As an example, the input data for the flat plate
structure given in Figure 3, is given by

4 shumber of corpers for plate #)
., 1., 0 : corner #1

] 1., 1., O. 1 corner ¥2

; -1.,-1., O. : corner #3 *
1.,-1., 0. 1 corner #4 :

See Chapter IV for further details on how to number the corners.

32
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Note that the program will keep increasing the number of plates in the
solution by the number of calls to this command unless the NP: or NX:

commands are called to reinitialize the plate geometry.
Presently: 1 <M X 14
1SMEZS
1<N <3
A
#3 (=1,-1,0) #2(—1,1,0)
FLAT PLATE
—
e
*4(1,-1,0) *(1,1,0)
Xt

Figure 3. Definition of flat plate geometry.




FLOW DIAGRAM FOR PG:

[~

! Set plate logic true :
LPLA=_TRUE. :
1 T
Up plate counter by one L J
MPX=MPX+] v

Bt e =S A R

If H
I HOY ;“py T :
F Z{ﬁrite warning messag{}’ ;

Write plate numbe:/
/ MPaMPX
/  Rea: p(w) ]

If
MEX>MEDX

F / Write warning message /

G

/ READ: {J(K(MP.ME,N),H=1.3)/

l Translate and Rotate the coordinatas |

1Change units to meters]

weite new and old coordingtas
and units

WA e A e B sl by, o T AT I gt P LR




J. Command GP:

This command enables the user to specify a perfectly-conducting
infipite ground plane in the XYy plane,

FLOW DIAGRAM FOR GP:

(@)

Set grpund plane logic true
LGRND=.TRUE.

Define ground plane coordinates

/ Write message /




K.

Command CG:

This command enables the user to define the geometry of the finite

elliptic cylinder structure to be considered. Note only one may be

E specified. The geometry is illustrated in Figure 4.

1. READ: AA, BB

a) AA: This is a rea) variable which defines the
radius of the elliptic cylinder on the xt-axis
of the cylinder.

b) B8: This is a2 real variable which defines the
radius of the elliptic cylinder on the yt-axis
of the cylinder,

2. READ: ICN, THTN, ZICP, THTP

a) ICN: This is a real variable that defines the
position of the center of the most negative
endcap on the z,-axis of the cylinder,

b} THTN: This is a real variable. It is input in de-
grees and defines the angle the surface of
the most neqative endcap makes with the nega-
tive zt-axis in the Xp-24 plane,

c) Zcp: This is a real varfable that defines the
position of the center of the most positive
endcap on the zt-axis of the cylinder,

d) THTP: This is a real variable. It is input in degrees
and defines the angle the surface of the most
positive endcap makes with the positive zt-axis

in the X4=Zy plane,

36
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FLOW DIAGRAM FOR CG:

Set cylinder Togic true
LCYL=.TRUE.

/ READ: AABB /

/" READ: zcn,mm,ch,mrpj

Change units to meters

/TJRITE variablei/




THTP 7¢P

[T

_hy'

THTN

Figure 4, Definition of finite elliptic cylinder geometry.




Command SG:

This command enables the user to specifv the location and type
of source to be used. The geometry is illustrated in Figure 5. One
cal) to this command defines one source. The number of sources in the
problem are automatically counted by the number of calls to this command.

.'C

READ: (XSS (MS,N) N=1,3)

a) XSS {(MS,N): This is a doubly dimensioned real array
which is !ied to define the x,y,z location
of the MS™" elementa) radiator in the speci-
fied cartesian coordinate system, Again,

a single line of data contains the x,y,z
(N=1,2,3) locations.

READ: THOZ(MS), PHOZ(MS), THOX{MS), PHOX{MS)

a) THOZ(MS),PHOZ(MS): These are real arrays which are,
used to define the orientation of the MS
element in the specified cartesian coordinate
system. They are input in degrees, as spherical
angles, that define atﬁadial direction which
is parallel to the MS™" element current flow
for a dipole antenna or which is parailel
to the length of an aperture antenna.

b} THOX{MS),PHOX{MS): These are real arrays which arg,
used to define the orientation of the MS
element in the specified cartesian coordinate
system. They are input in degrees, as spherical
angles, that define atﬁadial direction which
is parallel to the MS"" elements aperture
width or which is parallel to a slots width.
For a dipole antenna, these angles can be
made in a convenient direction,

The x-axis and z-axis specified by these angles must be defined

orthogonal to each other. The y-axis is found by the cross product
of the x- and z-axes.




3. READ: [IMS(MS), HS(MS), HAWS(MS)

a) IMS(MS): This is an integer argay which is used to
define whether the MS'" source is an electric
or magnetic elemental radiator.

IMS(MS) = 0 + electric
IMS(MS} = 1 » magnetic

b) HS(MS): This is a real arraytHhich is used to input
the length of the MS™" element.

c) HAWS{MS) This is a real arra{huhich is used to input
the width of the MS™ element in the case
of an aperture antenna. If HAWS(MS)=0 then
it is assumed to be a dipole antenna.

Note that the units of the variables HS(MS) and HAWS(MS} can be
specified by the US: command. 1f wavelength is chosen as the units
then all the sources must be specified in wavelengths,

4, READ: WM(MS), WP{MS)

a) WM(MS), WP{MS): These are real dimensioned arrays used
totﬂefine the excitation associated with the
MS™" element. The magnitude is given by WM
and the phase in degrees by WP.

Note that the program will keep increasing the number of sources
in the solution by the number of calls to this command unless the NS:
or NX: commands are called to reinitialize the source geometry.

MS

Presently, 1} <
1<N <

<
<
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Set NEC source logic false
LAMP=_FALSE.

i
I
l FLOW DIAGRAM FOR 56:
I
|
|

Up source counter by one
MSX=MSX+]

1f T
MSYX sMSOX

|

F ﬂRITE warning message /
WRITE source number
MS=MSX

/READ:  (XSS(MS,N), N=1,3) /

/READ: THOZ(MS) ,PHOZ (MS) , THOX(MS) ,PHOX(MS) 7

/ READ: IMS(MS),HS(MS) ,HAWS (MS) /

/ READ: WM(MS),WP(MS) 7

/7 WRITE s%rce type / i

41
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If
TUNST=0

/

F / WRITE: HS(MS), HANS(MS) /

Convert source height and length
to meters

/ WRITE: HS(MS) HAWS(MS)  /
oo

/  wITE: wmims) weins) [/

Rotate and translate coordinates

Change units to meters

Define the source x and z axes

Are they T

Define the y axis from across
product of the x and z axes

perpendicular ;
to each :
ther :

i

F //' WRITE warning message_/7 f

Stop |

|

i

WRITE x,y,z axes of
source coordinate system

A, - o A o S = i PR,
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¢
Figure 5a. Definition of source geometry for dipole antennas.

b2

\ RIHOZ

Figure 5b. Definition of source geometry for aperture antennas.
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M. Command AM:

This command enahles the user to interface the Numerical Electro-
magnetics Code (NEC)-Moment Method Code with the Basic Scattering
Code in order to use the antenna modeling capabilities of NEC to
specify the needed source data such as location and current weights
of the elements. The geometrv is illustrated in Figure 6.

1. READ: PRAD

a) PRAD: This is a real variable which is used to define
the total power radiated in watts from the
NEC modeled antenna, This allows the directive
gain to be computed, If P. 1is substituted
for Prad the power gain wil? be computed.

2. READ: MSX

a) MsX: This is an integer variable which defines
the maximum number of elemental wire radiators
that have been used in the NEC code to model
the antenna.

3. READ: (XSS(MS,N),N=1,3), HS{MS), THOZ(MS), PHOZ(MS)

a) XSS{MS,N}: This is a doubly dimensioned real array which
istused to define the x,y,z location of the
MS™" elemental radiator in the specified
cartesian coordinate system.

b} HS(MS): This is a real array phich is used to input
the length of the MS™" element in the units
specified by IUNIT from the UN: command or
from the default option.

c) THOZ(MS), PHOZ(MS): These are real arrays which agg
used to define the orientation of the MS
element in the specified cartesian coordinate
system, The THOZ, PHOZ angles are in degrees
and define a EﬂdiaI direction which is paral-
lel to the MS™" element current flow. The
angle THO is the angle of the element measured
up from the x-y plane. The angle PHO is the
phi angle in a normal spherical coordinate
system,

e o T Ay L TP or e T e Mg



4, READ: WM(MS), WP(MS)

a) WM({MS), HP(MS) There are real dimensioned arrays used
tﬂefine the excitation associated with the
MS™" element, The real part is given by WM
and the imaginary part by WP.
Presently, M5 < 50.
N 3

<
<

tAala

]
]
Note that for the NEC code input all the elements are assumed
to be electric current elements.

2

Figure 5. Definition of NEC geometry.
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FLOW DIAGRAM FOR AM:

Set power radiated logic true
LPRAD=, TRUE,

//r READ: PRAD //

Set NEC source logic true
LAMP=, TRUE.

//- READ: MS%_J//

If 1 _
MSX>MSDX l

F /Nrite warning message/
‘ Stop ]

e, o

IMS(MS})=0
HAWS(MS)=0

/READ: (XSS(MS,N),N=1,3) HS(MS) , THOZ(MS) ,PHOZ {MS) /

Continue

Y
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/ READ: (wm(ms) ur(Ms) ms=1,msx) /'

Rotate and translate coordinates

e e e e b gl e

Change units to meters

Define NEC source
coordinate systems

Write new and old
coordinates and units

s N
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N. Command PR:

This command enables the user to specify the total power radiated
by the antenna or the input power to the antenna.

1. READ: PRAD

a) PRAD: This is a real variable. It is input in watts
and defines the total power radiated by the
antenna (or input power to the antenna).

Note that if PRAD < 1070, it will be assumed that the power radi-
ated {or input power) was not specified.

FLOW DIAGRAM FOR PR:

()

Set power radiated logic true
LPRAD=, TRUE.

/ Rean: erAD /

If
RAD<1x10

=30

1

LPRAD=,FALSE,
PRAD=0,

1//- Write message}/’

, ..

/ WRITE: PRAD/




0. Command NP:

This command enables ‘the user to initialize the plate data.
All of the plates are removed from the problem unless they are re-
specified following this command.

FLOW DIAGRAM FOR NP:

& |

Set plate logic false
LPLA=.FALSE.

Reset plate counter
MPX=0

//_ Write message ;7

—




P. Command NG:

This command enables the user to initialize the infinite ground
plane. The ground plane is removed from the problem unless it is
respecified following this command.

FLOW DIAGRAM FOR NG:

Set ground plane logic false
LGRND=.FALSE.

// Write message 1//




Q. Command NC:
This command enables the user to initialize the cylinder data.

The cylinder is removed from the problem unless it is respecified
following this command.

FLOW DIAGRAM FOR NC:

Set cylinder logic flase
LCYL=.FALSE.

,/_ Write message //




R. Command NS:
This command enables the user to initialize the source data.

A1l of the sources are removed from the problem unless they are re-
specified following this command.

FLOW DIAGRAM FOR NS:

Set source-logic false
LAMP=_FALSE.

Reset source counter
MSX=0

l/r__hrite message ‘//

52
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S. Command NX:

This command enables the user to reinitialize the commands to
their default conditions specified in the 1ist at the beginning of
the main program.

— e alae e

FLOW DIAGRAM FOR NX:

——

Reinitialize default data

Wp—

b =4
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T. Command LP:

This command enables the user to specify whether a line printer
listing of the results is desired.

1. READ: LMWRITE

a) LWRITE: This is a logical variable defined by T
or F. It is used to indicate if a line
printer listing of the total fields (EB .
Egp) 15 desired. P

(normally set true)

FLOW DIAGRAM FOR LP:
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U. Command PP:

This command enables the user to specify whether a polar plot
of the results are desired.

1. READ: LPLT

a) LPLT: This is a logical variable defined by T
or F. It is used to indicate if a polar
plot of the total fields (E, ,E, )} is de-
sired, If LPLT is false thePre¥® of the
READ statements for this command will be
sk ipped.

2. READ: RADIUS,IPLT

a) RADIUS: This is a real variable that is used to
specify the radius of the polar plot.

b) IPLT: This is an integer variable that indicates
the type of polar plot desired, such that
if

1+ field plot
2 + power plot
3+~ d8 plot.

IPLT =

The fields will be normalized by their maximum field values,

FLOW DIAGRAM FOR PP:

©
/ READ: LPLT /'

If Ly *
T I/r_ Write message

/ Reap: mAOIUS,IPLT /S

/ WRITE: RADIUS, IPLT /

®
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V. Lomnnd XQ:

This command is used to execute the scattering code so that
the total fields may be computed. After execution the code returns
for another possible command word.

FLOW DIAGRAM FOR XQ:




) —

W. Command EN:

This command enables the yser to terminate the execution of
the scattering code.

FLOW DIAGRAM FOR EN:

// Write message )7

Stop

This concludes the definition of all the input parameters to
the program, The program would, then, run the desired data and output
the results on unit #6. However as with any sophisticated program,
the definition of the inpyt data is not sufficient for one to fully
understand the operation of the code. In order to overcome this
difficulty the next chapter discusses how the input data are inter-
preted and used in the program.
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CHAPTER 1V
INTERPRETATION OF INPUT DATA

o A -

This computer code is written to require a mimumum amount of
user information such that the burden associated with a complex geometry
will be organized internal to the computer code, For example, the
operator need not instruct the code that two plates are altached
to form a convex or concave structure. The code flags this situation
by recognizing that two plates have a common set of corners (i.e.,
a common edge). So if the operator wishes to attach two plates to-
gether he needs only define the two plates as though they were isolated.
However, the two plates will have two identical corners. All the
geometry information associated with plates with common edges is
then generated by the code. The present code also will allow a plate
to intersect another plate as shown in Figure 7. It is necessary
that the corners defining the attachment be positioned a small amount
(approximately 10"5 wavelengths) through the plate surface to which
it is being connected.

|
;
!

In defining the plate corners it is necessary to be aware of
a subtlety associated with simulating convex or concave structures
in which two or more plates are used in the computation. This prob-
lem results in that each plate has two sides. If the plates are
used to simulate a closed or semi-closed structure, then possibly
only one side of the plate will be illuminated by the antenna. Con-
sequently, the operator must define the data in such a way that the
code can infer which side of the plate is illuminated by the antenna.
This is accomplished by defining the plate according to the right-
hand rule. As one's fingers of the right hand follow the edges of
the plate around in the order of their definition, his thumb should
point toward the illuminated region above the plate. To illustrate
this constraint associated with data format, let us consider the
definition of a rectangular box. In this case, a)) the plates of




SOURCE

Figure 7. Data format used to define a flat plate intersecting
another flat plate,

the box must be specified such that they satisfy the right-hand rule
with the thumb pointing outward as illustrated in Figure 3, If this
rule were not satisfied for a given plate, then the code would assume
that the antenna is within the box as far as the scattering from

that plate is concerned.

Another situation which must be kept in mind is associated with
antenna elements mounted on a plate. The code automatically deter-
mines that the antenna element is mounted on the plate. It assumes
that the element will radiate on the side of the plate into which
the normal points. This is accomplished in the code by automatically
positioning the source a small distance (10'5 wavelengths above the
plate in the direction of the normal as illustrated in Figure 9.

It is important, therefore, to follow the simple rules above for

defining the plate normals when dealing with plate mounted antennas.




3 2 4
PLATE *
4 |
2 i
#
<%
Q\'“
PLATE ¥2
3 a2
Figure 8. Data format used to define a box structure,
fn A
t SLOT
MONOPOLE ( MAGNETIC
EQUIVALENT l oepou:)
DIPOLE
LENG'I'H{ . .
L *
$ < 10-8A 8<i0-¢)
{a) MONOPOLE (b) SLOT

I1lustration of geometry for plate-mounted antennas.

Figure 9.




There is, also, another point associated with antennas mounted on
perfectly-conducting flat structures. If a plate-mounted monopole
is considered in the computation, one should input the equivalent
dipole length and not the monoponle length (i.e., the monopole plus
image length should be used as shown in Figure 9a). The code auto-
matically handles the half dipole modes associated with the mono-
pole. The plate-mounted slot is, also, automatically taken care

of by the code as shown in Figure 9b if a magnetic dipole is used.

The same situation arises when the antenna is mounted on the
elliptic cylinder's end caps. It should also be remembered that
the antenna can not be mounted on the curved part of the cylinder.
In general, the antenna should be kept a wavelength away, however, ,
this can often be relaxed to approximately a quarter-wavelength. |

In the present code, the attachment of a plate corner to the {
curved surface of the cylinder is automatically detected, however,
a diffracted field from the plate-cylinder junction is not considered
in this version. If the plate-cylinder junction forms a straight,
orthogonal edge, as shown in the aircraft models of Figure 27, image
theory alone will give the correct results. The diffracted fields,
therefore, are not needed. If the plate-cylinder junction forms
a curved edge or one in which the plate and cylinder surface are
not orthogonal a diffracted field from that edge will he required
in the solution. This will be added when time and effort permit.

i

Chapter VI has a set of sample problems to illustrate how the
operator can realize the versatility of the code and still satisfy
the few constraints associated with the input data format.




CHAPTER Vv
INTERPRETATION OF OUTPUT

The basic output from the computer code is a line printer listing
of the results. The results are referenced to the pattern coordi-
nate system that was described in Chapter 1!l and is illusirated
in Figure 1. Thus the total electric field is given by

ElOpatp) = Aofap * #pFap-

The fields are assumed to be peak values given in volts/unit when

the factor e'ij/R is suppressed in the far field, If an R value

is specified using the “RG:" command then the results will be in
volts/meter, The results are displayed in three sections. The first
output associated with the Eep field, the second is output associated
with the E¢p field, and the third is output associated with the total
field. The first section is displayed as follows: ep, ¢p’ Eep,

Eyp (Phase of Eep)’ |E9p| {magnitude of Eep), G4 (directive gain
Eep)’ |E9p|/|Eep]max {normalized magnitude of Eep), - (nor-
malized value of the directive gain). The second section is similarly
done for the E¢p field. The third section is displayed as follows:
ap’ ¢p, Gd major (directive gain of Emajor)’ Gd minor (directive
gain of Eminor)’ y (tilt angle of polarization ellipse, axial ratio,
Gy (total directive gain), Gy norm (normalized total directive gain).
The above quantities are defined as follows:

2
21k
G, = 5 TE-E ,
4 g Prag

2
= ?ﬂR I E
a4 n, lrad op
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The value Prad is the power radjated. It is input into the
hasic scattering code through the AM: command for the NEC moment
method data or through the PR: command, If a value for Prad is not
given to the code, the output will be given in terms of the radiation
intensity rather than the directive gain. The radiation intensity,
U, can be defined in terms of the directive gain as

A very convenient means of displaying the results of the program
is through a polar plot representation. However, because of the
difficulty of delivering standard plot routines from one computer !
system to another, our plot package is not included as an integral
part of this computer code. A simple polar plot routine is given
in Appendix I which can be used if desired,

P

The next chapter displays the results in either polar or rec-
tangular dB plots to compare against measured results whenever pos-
sible. The results are normalized to either 0 dB or the measured
patterns maximum,
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CHAPTER VI
APPLICATION OF CODE TO SEVERAL EXAMPLES

The following nine examples are used to illustrate the various
features of the computer code. Each example is designed to show
how a set of commands can be put together to soJve a single problem
or a group of problems. 1In most cases, the input data sets can be
constructed in more than one way to accomplish the same results,
The particular form of these examples have been chosen so that all
the commands are used. As an aid to the user, an echo of the input
data is given on the line printer in the form that the computer code
has interpreted the data. This is useful for checking that the cor-
rect problem has been properly constructed. Also, messages are given
when the code misinterprets the data or when an error has been made
in the input set. This makes it easier to debug the input data sets.
Example 1A illustrates this type of print out. The other examples

do not show this output in order to save space in this report.

The computer code has a default list at the beginning of the
main program, This list can be set up at the convenience of the

urer. If the defaults are set up correctly for the particular ap-
plications of the user, the same data will not have to be input in
the data sets every time. For example, the default list is set up
initially to have the code give a Tine printer output of the results.
Since most user's will want this output all the time the LP: command
need never be specified as shown in the examples that follow. How-
ever, the LP: command can be used to suppress this output if desired,
The pen plotter command, PP:, on the other hand, has been set false
initially., This is because most computer facilities have different
procedures for plotter output. Once the user determines the best
way to use this command for his needs and the appropriate plot routines
are included in the code, the PP: command can be called to instate
the plots or the default 1ist can be changed accordingly.
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In the examples that follow, all the results have been shown
qgraphically in some form. This is the most concise way to show the
results and to illustrate the validity of the codes operation by
comparing against measurements. A few of the examples, however,
contain the line printer ocutput of the results so that the output
numbers can be checked to verify that the computer being used is
giving correct results. Different computers have different accu-
racies so that the numbers may not check in the last few decimal
places. Example 9 can be conveniently used to check the operation
of the code on a new computer. It contains three examples that have
Tine printer output.

Example 1A. Consider the pattern of an electric dipole in the
presence of a finite ground plane as shown in Figure 10a. The input
data for the H-plane pattern is given by

Crt PLATE THOT, LXAMPLE A,
Uit UNI (s I LacCHES
3

citt FEQUENCY {1 GHZ.
[ 39 2

P FATIERN Cul

'lJ. .rJ. "7["1. 'Ht

1eb,

0,5(;&3.‘

PGs PLAr GREOMETHY
4

UC‘J.‘.).E.‘-‘

Ve y=3.h 3.5

i{)..—J O‘J."S.b
go.;}.b.";j.b

SUe SUUKCE GEOMETRY
Bel 2 beqt)e

t?-,ho .9“. 'l’)o

WDatien 4.

Io'“’.fc

Xt EXi:CUWTE COOE
s BN CODE
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#2(0.:35,3.5) #1(0,3.5,35)

J

PR

) 4
P
. __A72 DIPOLE

/ (5.12,0,0)

#3{0,-3.5,-35) #4(0,35,-3.5)

l Figure '0a. 0Oipole in presence of A square ground plane,
| §

#2 (0,-3.5,3.5) #1(0,3.5,3.5)

i
,
i
f
i
L]

—p
y
- A/2 DIPOLE
/ (5.12,0,0)
X #3(0,-35-3.5) #4(0,3.5,-35)

Figure 30b, Dipole in presence of a square ground plane with a pattern
| cut corresponding to Example lc.
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The computer code prints out on the line printer the information
in Figure 11 pertaining to the input data. This information can
help the user decipher how the computer code interpreted the input
data. It also provides messages to the user if the input data is
found to be incorrect by the code.

The calculated results for the electric field are printed out
on the line printer as shown in Figure 12, The output shown in Fig-
ure 12 is for 10° increments from 0° to 180°. This is from the input
data in Example 9. Note that the normalized data columns may be
slightly different for the 10° increment case than for the 1° in-
crement case, since the maximum value may be found to be a different
number,

The Eqp pattern is compared with the measured results in Figure
13a. The E¢p pattern is not plotted because it is of negligihle
value.
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THE SALTERN AXFS ARE AS FOLLOWS:
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Figure 11. Line printer output for the code's interpretation of
the input data set of Example 1A. The figure is
continued on the next page.
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[xample 18, Consider the [-plane pattern of Lhe electric dipole
in the presence of the finite ground plane in Figure 10a. This prob-
lem is the same as Example 'A except that the pattern cut information

varied. The input data is given by

it PLATE TbSi, EXAMELE i,
PR i 1N IHCHED

rid QU ENCY 1N GHZ .
N E

tLsd PALLERE CLY

l)- PR T ‘9“. .!- -

I is changed so that the phi angle is fixed and the theta angle is

r g“o

Wedil, |

Pt SLALLE GLEOYERY
]

‘(}o.;‘-o‘_f';o‘.)

e g™ ..lJ .Li.'_z

vie '—_j.')"‘-;j.‘j
Jeg et =30

Lt SURICE GG Y
Deldol s 4lta

Meghke g ils yu o

w} "‘;.:) .l-.' -

logbia
AR BFROL T U
r] 2 2l wlhit:

The Eep pattern is compared with the measured results in Figure
13b. The E@p pattern is not plotted because it is of negligible
value,
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Example 'C, Consider the pattern of the electric dipole taken
across the corner of the finite ground plane in Fiaure 10b,

This

problem is the same as in Example 1A except that the pattern cut

coordinate system is changed.

The input data is given by

ol LA drbhay BXATRLEY D,
(<

[
b

iis (511 BT O I 04 B
=)

(RITR e eIy PR GHAZ,
ek

Vol VALIEER Uy

RSP TR 2% P 7 N

Lyiia

Uyatlaigl

gt FlLA L GECGHETLY

Al

dageustglah

e gmastigdeh
degmdeng=3.9
-r..."..'.."..'-.'a

30l SOl GEodbTRY
').i'f_’.".,v:.

S A L 2 U S

Vigrte gkl

o, b
S XeCH B GOt
SR kb ot

The Eep pattern is compared with its measured result in Figure
13¢ and the £, pattern compared with its measured result in Figure

op
- 13d.
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Example 2, Consider the pattern of a A/2 slot antenna mounted
in the center of a square ground plane as shkown in Figure 14, The
pattern cut is taken across the corner of the plate. This example
illustrates how the TO: command can be used to show the strength
of a particular diffraction mechanism by removing the mechanism from
the computation for comparison. In this case the corner diffracted
fields are removed in the second execution by setting LCORNR=.FALSE.
0f course, other fields can be modified in other problems by using
the JMN's and JMX's numbers, The input data for this example is
given by

Vi3 PLATE 1EST, EXAMPLE 2.
UN3

5]

rkd

lv,

Pire PATTERN CUT OVER CORNEKW
v, e 1PN

F,4b.

3450 |

P

4

O.eCu o,

bl ¢ 9 'Ut‘“.

=04 4= Cu 4(1e

O. '-00'”0

LUl

e a k) 'k}o

Plle ¢ Yiie Ve 40,

1,050

l.,¥.

AU

Lus REMOVE CUMNER DIFFRACTION
[

[ ot o

Y S . S I

XQt

LN

The results with and without the corner diffracted fields in- Co
cluded are compared in Figure 15a and b for the Eep and £, fields,

$p
respectively.




Figure 14, A /2 slot mounted on top of
a square ground plane,
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Figure 15a., Comparison of ESQ pattern with and without corner

diffracted field$ for a half-wave slat antenna

mounted on a square plate.
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Example 3. Consider the pattern of an electric dipole in the

presence of an eight-sided box as shown in Figure 16.

is given by

CES LIGHY SIDED FOX TEST, EXAMPLE 3.

ret

Yebd

Pbs

ey ¢SGe 0.
TyYt.

d,o000,1

563

0212.2"0.“-

Y. Gy Y. 4 Y, 40,
0'”09.00\0

'.’u.
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w2y =a 11125~
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"0]2{.".|623‘ol
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PG LkFD MACK
4
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--122g-01623.¢|
-.l!d.-.lﬂ23.".|
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O
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Dagme VI 40l
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e fd 23, .1
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&)
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s ledga S = |
el dy=a bd2 3 =01
deg=, i =1
Tt e j'.’Z.).". '
= . I. .. Lj(.’.'.-.-- '
R

L]

The Eap nattern is compared with measured results{ll] in Figure

17, The E,  pattern is not plotted because it is of negligible value,

$p




Figure 16, Electric dipole in the presence of an eight sided box,
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Example 4,

Consider an electric dipole in the presence of a

finite circular cylinder as shown in Figure 18. This example illus-
trates how once the cylinder geometry is set up different cases can
be run by just varying the data which needs to be changed for that
particular case. The input data is given by

Chs CYLIMDER THST, EXAMPLE 43,
FH3

Y.%4

Pirs

BaegWe oiie obt.

PN

Wyatii, |

5063

Dag¥le 1Y 1),

iy yW e, 12300, ,0.

U.k‘:.b.l’?.

1.,u.

CGs

I ) I |

=e 11 ,vtd. y 10 M, 90,

X3

Cit CYLIbEk TEST, EXAMPLE 4B.
Ptis CHANGE PALTTERN CUT

Ve g Win o ¥Vu 4ile

reYtl.

gt )

Xore

Cclt CYLILDER TLEST, EXAMPLE 4C.
s CAILLL FUOR MLEW SOURCE

S0

Vo110 44 e 4 2

Yide gt ey 1836, 410,

Vightatagble

14,40,

AL

L3
iti- 8

The line printer output of the results for Example 4A are shown
in Figure 19. The input data is really that of Example 9 where only
half the pattern is computed in 10° increments.
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The calculated results are compared with measured results(11)
in the following figures,

The E¢p pattern for Example 8A is shown in Figure 20a.
The E@p pattern for Example 4B is shown in Figure 20b.
The E¢p pattern for Example 4C is shown in Figure 20c,

The Eep pattern for all three cases are not shown because they
are of negligible value.
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presence of an elliptic cylinder as shown in Figure 21.

Example 5. Consider the pattern of a magnetic dipole in the
This example

illustrates how the LOUT parameter in the TO: command can be used

to print out the individual fields reflected and diffracted by the
body under consideration. Note, also, that since the units and fre-
quency are not specified in the input set the input is therefore
assumed to be given in wavelengths. The input data is given by

() cLLIFTIC CYLINDER TEST, FXAMPLLE 4,
ii1d

ljo.l:o .9?’.,‘!).

145,

Vg 206, |

wt

2..'.
=D, WY, WD ., WA,
SUs

P R T V.t I 3 IR
DaegWa yTe gl

Fobied g¥s

|
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JEVE

PhHINL THPTVIDUAL FIELDS AKOUND SHADOW ROUNDARY

tal gl
i.i’t'
bytgl yo,],4

it

HEDUCE ANGULALK HARGE

vj. g‘j. .Sf‘j. "'f.
1.%€.
2hih g 2b Y 4!

A3
h‘i‘

The reflected and diffracted fields in the region close to one

of the shadow boundaries of the elliptic cylinder, as printed by
the line printer, are shown in Figure 22, The different types of
fields can be interpreted by looking up the integer indices in Table

3.

The first two columns of real numbers are the magnitude and phase
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of the E9 field and the second two columns of real numbers are the

{
to the reference coordinate system for this type of print out.

magnitude and phase of the E, field. The polarization is referred

The E¢p pattern is plotted in Figure 23 compared with a moment
method solution, The Eep pattern is not plotted because it is of neg-
ligible value,

SOURCE
kyp LOCATION

®

$p

ELLIPTICAL
CYLINDER

Figure 21, ElTiptic cylinder configuration excited by a
magnetic source parallel to the z-axis.
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Example 6. Consider an electric dipole in the presence of a
plate and a finite circular cylinder as shown in Figure 24. This
example illustrates how the input data can be manipulated to analyze
the effects of scattering bodies separately and in combination with
one another. The following input is shown as if all four cases are
run consecutively in one run, Of course, the input could easily 1
be constructed for individual runs for each case.
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Figure 24. A /2 dipole in the presence of a square plate.
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The line printer output of the results for the source, plate
and cylinder in combination are shown in figure 25. The input data

is really that of Example 9 where only half the pattern is computed
in 10° increments.

| The calcuiated E¢p patterns are compared with measured results
I in the following figures.

The E¢p pattern for the source alone is shown in Figure 26a.

The E¢p pattern for the source and plate is shown in Figure
26b.

The E¢p pattern for the source and cylinder is shown in Figure
26c.

The E¢p pattern for the source, plate and cylinder is shown
in Figure 26d.

. The Eep pattern for all four cases are not shown because they
are of negligible value.
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Example 7. Consider a stot mounted on the wing of a Boeing
737 aircraft. The computer model of the Boeing 737 is illustrated
in Figure 27. The input data is given by

A Fluce fel Sy, URAMPLE T,
SORTE Pl adl w0 Cse e MOLED
thhed

Obla ¢'7% o o 1Dl o ¢ W17,

[P TP

o RSP

e d

1. l40

Uilt

]

(S

leig o) g 1447

=9e L ) L L2004, 2%,
i LEF] WING

o]

Vi, "14.'J'g-2]2od

Hagd e Vyder i
v‘)o’b‘l‘-!o‘f'ylz)ol
tjojd?'r;.tj.ﬁ')n

«')..-l'“!-.f,v?-

it wIGHT WIHNG

)

‘—")o."'f‘!o?"(jo
VJ."".).(‘,-IJad.”o

whe g =267 o9 %00 |

ey =a Y AL LR

e g= T t4=2 12,4

pis viWICAL STAFILIZER
4

lug o) gbie, 48,3

JAd 1 eyl e, 2

3449 41 g ., 4d 3,7
Inia, ) ., 2oheb

Dl FINLTE WIHYPH SLOT
ey sliaby=45.3

L1 PR v S A

|07 937,¢1,413v1 6
oyt

PR |

R

The E¢p pattern is compared with its measured result in Figure
28. The measurement was made on a 1/20 scale mode] of a Boeing 737
at NASA (Hampton, Virgina). The antenna is a KA band waveguide mounted
in the wing(8]. The Eep pattern is significant for this case, how-
ever, it is not shown,
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Figure 27. Illustration of geometry of Boeing 737 aircraft model
used in finite elliptic cylinder model.

113




MEASURED
o = — = CALCULATED

©
)
1 ‘ @x
d
| ; %
! Q
! [+
- \
2
- A
< !
2 s
4 < )
7

Figure 28. Comparison of measured and calculated Ee results,
p




e

Example 8A, Consider the pattern of a set of four electric
dipoles in the presence of a square plate over an infinite ground
plane as shown in Figure 29, The currents are specified by the NEC-
Moment Method Code as used at NOSC. The input data is given by
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The line printer output for the first execution with the in-
finite ground plane is shown in Figure 30. The results are shown
for 10 increments for brevity. Since a range is specified the fields
are in volts/meter. Note that the range is in the far field of the
maximum dimension of the plate (R>20%/A). Also, since the power
radiated is known from the NEC-Moment Method Code the power results
are given in terms of directive gain rather than in terms of the
radiation intensity.

PO

The directive gain normalized to isotropic is plotted in Fiqure
31a for the $=0° plane. The result is compared against the infinite
ground plane case and the case for the plate in free space which

| is given as the second execution in the input set. Similarly, the
directive gains for the three different cases are plotted in Figure
/ 31b for the ¢=90° plane,

iy~
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Figure 29,

Geometry for the problems of dipoles over a square plate and
infinite ground plane showing the side and top view.
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Comparison of the directive gain of four dipoles over
an infinite ground with four dipoles over a square
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Comparison of the directive gain of four dipoles over
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over a square plate alone {$=90",

horizontal polarization).
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Example 8B. Consider the pattern of a set of four electric
dipoles in the presence of a square plate over an infinite ground
plane as shown in Figure 29. The four dipoles are specified by their
analytic representation using the SG: command. This example illustrates
the use of the PR: and US: command. The input data is given by
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This example gives approximately the same results as those in
Example 8A. The directive gain is within approximately 0.5 dB through-
out the entire pattern range. The pattern shape is essentially identi-
cal to the one in Figure 30a for the four dipoles over a plate over an
infinite ground plane so the pattern is not shown,
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Example 9, Consider a combination of three different problems.
The first problem is the plate test of Example 1A. The second problem
is the cylinder test of Example 4A, and the third example is the
plate and cylinder test of Example 6. This example illustrates the
use of the NX: command in defining entirely different problems in
the same input set. This is a handy example that can be used for
the initial start up test for the code on a new computer system,
since the plate and cylinder are tested separately and in combination
with one another in the same input set. The input data is given
by
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The line printer output and the graphital representation of
the fields for each of the three examples above are given in their
respective example sections. The line printer output of the first
execution is given in Figure 12 and the plotted output is given in
Figure 13a. The line printer output of the second execution is given
in Figure 19 and the plotted output is given in Figure 20a. The

line printer output of the last execution is given in Figure 25 and
the plotted output is given in Figure 26d.
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APPENDIX |

The following is a listing of a polar plot subroutine which
can be used to generate the polar patterns given in Chapter VI, Note
that this code refers to two subroutines “PLOTS* and "PLOT" which
must be added by the system or operator., The definitions of these
routines are given in the comments associated with the code,

SUBROUTINE POLPLT(ET RP,IPLT,IPHS, . IDM)

THES LOUTINE IS 1n1esn To PLOT THE RESULTS 1M TERYS OF A

SOERA DLOT, M CALYL TO SURROUTIME "PLOTS™ IS '"SED TO INITIALIZE
i Phan TR, TUE CALLS To THE SUSROUTINF “PLOT™ ARE USED TO

SRAs R DATE AS FOLLONSE

CALL 21O0T(X,Y N
X Y=COOKNINATES OF THE NEW PLOT POINT.

=2 PEr TC NOWN MOVING TO THE NFY POINT,
h=3 PEMN IS 112 MOVING TO THE MEW POIVT.
=999  FUFFER NSED TO STORE PLOT NATA [€ EMPTIED TO PLOTTER

Le() I¥PLIES ORIGIN SHIFT TO THE MERW POIMT,
>0 I¥PLIES HO ORIGIN SHFIFT AFTER ¥OVING TO NEW POINT.

SOARE X ETCIDRM)
DNIMEISTON TRUFCICE)
DATA DI TP JDPR/Z.18159265,6,2831857,57.29577558/
“MX=0,

NG 104 19=0,360,[PHS
[=1P+1

FM=CARS(FT(I )
[FCEM.GT.ENX) SMX=En
SOHNTINUE

CALL PLOTS{IBUF,1C0,3)
POLAR GRID #ew

DO 110 1=1,4
1G=A0*] /4,

cALL PLOT(RG,0, ,3)

w0 o J=0,360,2
ANG=J/DPR

YX3RO*COS (ANG)

YY=rn( *STH(AMG)

GALL PLOTOXX,YY,2)

N 1L I=t,6
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12¢

130

ARiis{I=1)»Pl /5.
ANGS=ANGH D]

AMGr= ANG
TF{T.EQ2%(1/2)) GO Tu it
ARGS=ALG

ANGE=ANGHP]

CONTIMUE
AX=0P*COSAYLS)
¥YY=HPHST T CANRGS)

CALL PLOTCXX, ¥YY, D)
XX=rPxCOSCANCE)
YY=RO*SIN (AMNCH)

CALL PLOT(XX,YY.2)
PATTERN MOT 2%%

DY OI20 IP=0,360,1FPHS
I=tp+1
SIMECARSCETOI )Y 7R MK
TFCIRLT=2) 121,122,127
AN=RR*ETM

COTH 125

B =HF* T TH

GO T 12%
TF(ETM,TT.0.001) FTM=0,71
=20 A ALOCIC(ETH)
IF(RN.LT.=20,) Rh==40,
RD={P*{{iD+40, ) /720,
CONTIMUE

AHG=IP/IPYH
XX=R0*STHCALG)
YY=0D*COS{AMG)

1PEN=2

IFCILEQLL) [FEN=2

CALL PLOTO(XX,YY,IPEN)
CALL PLOT(4,25,-5.5,-3)
CONTINUE

CALL PLOT(O.,0,,%%9)
RETURN

END
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