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CHAPTER I
INTRODUCT ION

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- 4

tures at UHF and above. Complicated structures can be simulated

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 shapes(1,2,3]. 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) [4,5,61.
The GTD approach is ideal 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. In 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 neglect 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.

t
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The limitations associated with the computer code result from
the basic 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
limit 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({71.
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 he 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 Il 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 bhrief narrative on the method
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used, (4) a flow diagram, (5) a dictionary of major variables, and
(6) a listing of the code. Finally, it defines the common blocks
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 organization 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
ts 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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“ PRINCIPLES OF OPERATION

)

3 The NEC-Rasic Scattering Code is designed tec he a user oriented
computer code,  The recessary data to descvibe a probhlem can he input
and the resulting answers car bhe obtainecd 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 basic knowledge of the

H keyv points in order to be able to intelligently use it and interpret

t; 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
part of the Basic Scattering Code documentation, gives more in depth
information about the FORTRAN coding. Thus, this information will

not be repeated here.

The NEC-Basic Scattering Code is constructed in a systematic
wav, such that the various operations of the code are set up in modu-
lar sections. The flow diagram shown helow illustrates the major
divisions of the main program. The first part of the main proaram
is the input section where the qgeometry of the problem is rfescribed.

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

Once the necessory information to describhe a nroblem is input
into the code, the program analyzes the data and puts it into the
correct form so that the electric fields can be calculater, This
includes normalizing the geometry to wavelengths, organizing the
data into the optimum coordinate svstem for computaticns. and de-
fining the fixed geometry bounds for a given source, Of course,
all of these operations and the ones to follow are done obaque to

e

the user,
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FLOW DIAGRAM OF THE MAIN PROGRAM

( Start )

Initilize Default Data

(From NX:)

Read and Write Command Word // ?

(From Command)

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

(see Chapter I1I)

Since none of the commands match, ‘
write warning message f

Stop

From XQ:)

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

\———————-{ Do loop on source elements

)
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Def ine hounds fixéd by the geometry

Y

—»=1 Do loop on K

-1 Do loop on J

————— Do 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)




Table 1

List of Field Subroutines

Plate Field Subroutines K=1

J=1 INCFLD -  direct field

J=? REFPLA - field reflected from a plate

J=3 RPLRPL -  field doubly reflected by plates

J=4 DIFPLT - field diffracted by a plate

J=f RPLLDPL -  field reflected hv a plate then diffractec hy
a plate

J=t DPLRPL ~  field diffracted by 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 RCLDPL - 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 scattered
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 be used on small computers that are not large
enough 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 nart of the code is divided intn three

larqe sections (the K=1,7,3 loop). The first section (K=1) contains
the major scattered fierlds associated with the individual flat plates
and the interactions hetween the different plates. These include

the direct field. the sinaly reflected fields, doublv reflected fiel-s,
the singly diffracted fields, the reflected-diffracted fields, and

the diffracted-reflected fields. The diffracted fields include the
normal diffracted fields as well as slope diffraction, a newly de-
veloped beuristir corner diffracted field and slope-corner diffracted

field., The douhle diffracted fields are not included at nresent,

hut a warning is provided wherever this field component might he
important. This is usually only a small angular section of space.
This field may be included later 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 reflectecd 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 regions. This is where three diffraction points
on the rim coalesce into one. This is only important in small angular
reqions in space and is not deemed appropriate to he included at

the present time., An equivalent current method could be used for

this small reaion but it is rather time consuming to use for the
henefits derived from it for such a aeneral code. The third sertion
fK=3) contains the maior scattered fields associated with the inter-
actinns between the plates and cylinder. This includes. at present,
the fields reflerted from the plates then reflected or Adiffracted
from the cylinder, the fields reflected from the cylinder then re-
flected from the plates, the fields reflected from the cylinder then
diffracted from the plates. and the fields diffracted from the plates
then reflected from the cylinder. These terms have been found to

be sufficient for engineering purposes when analyzing most structures.




The subroutines for each of the scattered field components are
all structured in the same basic 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 complete :
ray path. [If it is shadowed the field is not computed and the code j
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

I 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-
ence is apparent., This can be used to advantage in analvzing com-
plicated prohlems. Obviously in a complex problem not all the pessihle
scattered fields can be included. In the GTD scattering code the
importance of the neglected terms are determined by the size of the
so-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
i , error. The examples in Chapter VI illustrate these points and con-

firm the validity of the solution.




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

I(z ] I \
. . p - HS HS
dipele source: cos (HS ) . xp 0y O > p 5
p
J(z pX )] J ] n2
aperture source: P < rCOS( —g) , y. =0, 1ﬂég§ < X< ﬂ%ﬂﬁ’
M(z_,x {f M P - P
P p Lm
M, B
2 =pl?

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 1llustrated in Figure 5. The far-zone electric field is given
hv

-jkr!
T = F ( y & T
Ere o) = EF (0 )F (8 .0V &y

where for an electric source.

(4N

g I I_HS, dipole source
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P

E o=

0
g dn o
(?p . JmHS HAWS, aperture source,




and for a magnetic source,

{-¢ % HS, dipole source

E0 = ]
]
¢p = Mm HS HAWS, aperture source,

~

and where |

sin@_ cos({nHS cose )
Fpl8y) = — Py bo
P* (1-4HS® cose )
. p

(=)

, dipole source
a =
FX( p9¢p) Y
sinln HAWS sin@
nin sin8_cosé )

P
HAWS sinepc05¢p , aperture source.

"

Any arhitrarv antenna can be simulated by superposition of the ele-
ments by mak ‘na the length HS small (HS = 0.%)) and HAWS=N, spacing
the elements less than a quarter wavelength, and then weighting their
magnitudes and phascs 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 I

EO' = X

~-jkr!
M sing' &
sind =

N

-




“ho o Tass consisternt resultant fields between the Moment Method 1
and Rasic Scattering Cndes. It should he emphasized that the time
required to calculate a radiation pattern increases by a factor N

§ where 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 SOURCE subroutine and the
SOURCP subroutine. which contains the derivative of the pattern for

— e s e

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
U given above should help the user get a feel for the overall code
so he might hetter understand the codes capabilities and interpret
its results, The code is designed, however, so that the general
vser can run the code without knowina 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
cade stores the previous input data such that one need only input
that data which needs to be changed from the previous execution.

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

Tahle ?
Input Command Options

Command Description Page
AM: NEC or AMP Input 44
CE: Last or Only Comment Card 15
CG: Cylinder Geometry Input 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 83
PD: Pattern Data Desired 25
PG: Plate Geometry Input 32
PP: Pen Plot Results k5
PR: Puier Radiated Input a8
RG: Far Field Range Input 28
RT: Translate and/or Rotate Coordinates 29
SG: Source Geometry Input 39
T0: Test Data Generation Options 17
UN: Units of Input 7n
us: Units of HS and HAWS in SG: 22

XQ: Execute Program 56




In this system, all lincar dimensions may he specified in either
meters, inches. or feet and all angular dimensions are in degrees.
All Lhe dimensions are eventually referred to a fixed cartesian ¢o-
ordinate system used as a common reference for the source and scat-
tering structures. There is, however, a geometry definition crordi-
nate system that may he defined using the "RT:" command. Tkis 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
all the input following the command will he in that rotated and trans-
lated coordinate svstem until the "RT:" command is called aqain.

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 3
consequence, all input data are defined in free format such 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.

[P —

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
just consider the first character in determining the state of the
loaical variable.
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The following 1ist 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:

v .

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 CM: 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
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FLOW DIAGRAM FOR CM:

=/ READ: (IR(1), 1=1,28) [
/ WRITE: (IR(D), 1=1,24)J

If CE: >—T ——@

/ Write warning message /
‘ Stop )
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B. Command T0:

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.

2.

a)

b)

c)

READ: LDEBUG,
LDEBUG:

LTEST:

LOUT:

READ: LSLOPE,

a)

LSLOPE:

LTEST, LOUT

This is a logical variahle defined hy 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
be 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.
(normally set false)

This is a logical variable defined by T

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
pattern angle is considered.

(normally set false)

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. It 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
contributed in a particular direction.

See Table 3 for a list of the fields and
their identifiers.

LCORNR, LSOR

This is a logical variable 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 is a1 logical viriable defined by T or
F. It is used to tell the code whether or
not corner diffraction is desired during the
computation,

(normally set true)

c) LSOR: This is a logical variable which is defined
by Tor F. It is used to specify whether
or not the operator wants simply the antenna
pattern alone.
(normally set false)

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

a) JMN(1), JMX(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
alone. 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 JMX(1)=7. This would

compute all the available field values for

a convex or concave plate structure.

NOULB &WN —O
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b) JMN(2), JMX(2): These are integer variables used to
specify a set of individual scattering com-
ponents that are to be incluaed in the scat-
tered field computation for the finite elliptic
cylinder structure alone. JMN(2) is the
mirimum component number and JMX(2) is the
maximum component number for the range of
the set wherae the components are defined by
the following number designations:

0 = skip the czylinder section

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

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

Normally JMN(2)=1 and JMX(2)=3. This would

comrute all the field values for a finice

elliptic cylinder structure. F

c) JMN(3), JMX(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 j

// READ: LSLOPE,LCORNR,LSOR Aj/,

f WRITE: LSLOPE,LCORNR,LSOR j

1// READ: JMN(l),JMX(l),JMN(?),JMX(Z),JMN(3),JMX(3)AAJ//

// WRITE: JMN(L),JMX(1),MN(2),dMX(2),JMN(3),0NX(3) /

10




i ' Table 3
‘ Individual Field Types Printed when LOUT=_TRUE.

L K J I Field Type

0 Direct field when plates are present
2 0 Field reflected from plate MP
300 b4 MPP 0 Field reflected from plate MP then
0
0

reflected from plate MPP '
Field diffracted from =dge ME of
plate MP

600 MP ME

650 mp ME Field diffracted frcm the corners
of edge ME of plate Mp
700 MR “p "E Field reflected from plate ¥R then
diffracted from e<ge £ of plate MP
750 R b ME Field reflected from plate MR then .
diffracted by the corners of edge
‘ ME of plate MP '
‘ 300 Mp ME " Field diffracted from edge ME of
plate MP tren reflacted f~om plate
R
35¢C MpP ME R Field diffracted from the corners

Jf edge ME of plate WP then reflected
from plate MR

from plate MP then reflected from
the curved surface of the cylinder.
(For comparison only)

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

110 mp 0 0 Geometrical optics field reflected
from the curved surface of the cy-
linder and then reflected from plate
MP. (For camparison only)

120 " 0 0 Field scattered frem the curved :
surface of the cylinder then re- ]
flected from nlata MP

19 J o] ) Jirect field when snly cylinders
alone are present
120 0 0 0 Geometrical optics field reflected
by cylinder {for comparison only) ;
130 . 0 0 0 Field scattered by the curved sur- :
face of the cylinder .
150 MC 0 0 Field reflected by end cap MC of i
the cylinder :
500 MC 0 s} Field diffracted by the end cip '
rim MC of the cylinder ;
240 vp | o] Geometrical optics field reflected i
i
]

340 P ME d Field reflected f~2m “he curved ‘
. surface of the cylinder then dif-
d fracted by edge ME of plate VP
) 959 MP ME 0 Field diffracted from edge ME of

! plate MP then reflected from the
zurved surface of the cylinder

IANGLE  [ANGLE  INDEX INDEX Sum of fields of a given type {INDEX)
for 2 given angle [[ANGLE)

1000 (ANGLE  TANGLE  IANGL: Total field for a 3iven angle (IANGLE)




€. 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
IUNIT = 2 » feet
3 » inches

FLOW DIAGRAM FOR UN:

f READ: IUNIT j

Set up Conversion constant

/ Write units specifiqu/7

21
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D. Command US:

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

1. READ: IUNST

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

0 - wavelengths

1 + meters

2 + feet

3 + inches

IUNST =

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




READ: TUNST /'

sources are

FLOW DIAGRAM FOR US:

def ined ve

If IUNST=0

f JUNSP=0

Write units
specified

Write units
are to he in
wavelengths

IUNSP=TUNST

ISR—
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1 £. 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.
{
[
{

FLOW DIAGRAM FOR FR:

{ (®)
/  READ: FRQG -/

/ Def ine wave1engths/

/ Write freaquency and wavelengths /

74




F. Command PD:

This command enables the uyser 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 ifFit was a radiil vector in the reference
coordinate system,

b) THCX,PHCX: These are real variables, They are input
in degrees as spherical angles that define
the x_-axis of the pattern coordinate system
as ifrit 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

X - and z_-axis.
p P

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 (PHI constant)

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

_ T - TPPD = THP constant
LCNPAT = {F ~ TPPD = PHP constant

3. READ: IB, IE, IS

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




B

FLOW DIAGRAM FOR PD:

©

/ READ: THCZ,PHCZ,THCX,PHCX /

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

Are they
perpendicular
o0 each othe

// Write warning messagg//

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 /
/ Write the pattern cut desired / \




o —————

Figure 'a. Definition of pattern coordinate system,

b2p
7~ RN
\\\ ‘-b_’4/
\ /
\ 1_— i
N1/ '
lp i
Figure 1b. Conic pattern cut, LCNPAT=.TRUE., TPPD=THP, |
b2p ;
-1 |
P ] \ THP = 0’ '
/ \ !
I’ \ i
h \
I |
| ; - 'p
\

\ PHP=¢’/
/

\
\ V4
~_ -
xp -
Figure 1c. 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
exp(-jkR)/R.

1. 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 > ZDZ/A 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.

/  Reap: 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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1 H. Command RT:
l 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) f
l 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
i 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
H new origin which corresponds to N=1,2,3,
l respectively.

2. READ: THZP, PHZP, THXP, PHXP

' a) THZP, PHZP: 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 24 s unless command "RT:" is called
. again and redefined.
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FLOW DIAGRAM FOR RT:

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

Change units to meters

// Write old and

new coordinatesg)7

( READ: THZP,PHZP,THXP,PHXP /

Define the rotation x and z axes

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

Write the x,y,z axes
of rotation

AT TR N RN WP AP e e




~ Y

Figure 2. Definition of rotate-translate coordinate system geometry.
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I. Command PG:

This command enables the user tou ue.ine the geometry of the flat :
plate structures to be considered. The geometry is illustrated in i
Figure 3. One call to this command defines one plate. The number of g
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 definshthe number of corners (or
edges) on the MP*" plate.

‘ 2. READ: (XX(MP,ME,N), N=1,3)

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

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 :number of corners for plate #)
1., 1., 0 : corner #1
J -1., 1., 0. 1 corner #2
-1.,-1., 0 : corner #3 !
1.,-1., 0. : corner #4 i

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<MP £ 14
1SME LG
1<N <3
po
#3 (-1,-1,0) #2(—1,1,0)
FLAT PLATE
—>
Yy
*a01,-1,0) *1(1,1,0)
X9

Figure 3. Definition of flat plate geometry.




FLOW DIAGRAM FOR PG:

Set plate logic true
LPLA=.TRUE .

|

Up plate counter by one
MPX=MPX+]

If

“o V>Mpy
F Z{irite warning messagj;7

Write plate number
MP=MPX
/  READ: tep(MP) ]

7

MEX>MEDX
where

HMEX=MEP(MP)

F { Write warning messaqu/

DO ¥E=1,MEY

/READ: (XX(MP,ME,N),H=1.3)/

[7Trans1ate ang Rotate the coordinat9541

[bhange units to meters

wite new and old coordinatas
and units




Command GP:

This command enables the user to specify a perfectly-conducting
infinite ground plane in the Xe=Yy 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 l
specified. The geometry is illustrated in Figure 4.

! 1. READ: AA, BB
]
¥

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

b) BB: This is a real variable which defines the
radius of the elliptic cylinder on the yt-axis
| of the cylinder.

2. READ: ICN, THTN, ZCP, THTP

a) ICN: This is a real variable that defines the
position of the center of the most negative
endcap on tho 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 negative endcap makes with the nega-
tive zt-axis in the Xp=24 plane.

c) ZCpP: This is a real variable 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:

© e

Set cylindek logic true
LCYL=.TRUE.

v

/ READ: A,B8 [/ |
/sz: ZCN, THTN, ZCP, THTP J

e Otce omg Ang oo BN 0O

Change units to meters

; / WRITE variables /'




i THTP 2¢P
i
! ’4P,’ -1
,, BB// - y' ';
/ 1
_”
P Sl
THTN

Figure 4. Definition of finite elliptic cylinder geometry.
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L. Command SG:

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

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

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

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

2. 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 parallel
to the length of an aperture antenna.

b) THOX(MS),PHOX(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™" 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 array 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¥hwhich 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. If 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 uced
totgefine 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.

Presently, 1
1
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Set NEC source logic false
LAMP=_FALSE.

l FLOW DIAGRAM FOR SG:

Up source counter by one
MSX=MSX+]

If T
MSX »MSDX l

F l{fﬁRITE warning message/

WRITE source number
MS=MSX

/READ:  (xss(Ms,N), N=1,3) /

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

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

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

{ WRITE source type 127

41
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IUNS

If

T=0

b

F

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

Convert source height and length
to meters

/ WRITE: HSIMS),HAWS(MS) 7

ot

l(i WRITE: WM(

MS) , WP (MS) /

Rotate and trans

late coordinates

Change unit

s to meters

Define the source x and z axes

Are

perpendicular
to each
ther

they T

//' WRITE warning message<;7

< Stop ,

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

WRITE x,y,z axes of
source coordinate system




G eued Omd OEN

-——

Xy

Figure Sa. Definition of source geometry for dipole antennas.

Figure Sb. Definition of source geometry for aperture antennas.
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g 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 cuch as location and current weights
of the elements. The geometry 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
istHsed 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 arraytnhich is used to input
the lepgth 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 arp
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 Eﬁdial 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,




4, READ: WM(MS), WP(MS)
a) WM{MS), WP(MS): There are real dimensioned arrays used
to Refine the excitation associated with the

MSt element. The real part is given by WM
and the imaginary part by WP.

Presently,

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

§ 2

Figure 5. DJefinition of NEC geometry.
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! FLOW DIAGRAM FOR AM:

(%)

Set power radiated logic true
LPRAD=.TRUE.

{
i
//r READ: PRADJ//
Set NEC source logic true
| LAMP=_TRUE.
//, READ: MSX /
If T
MSX>MSDX

|

F //,hrite warning messagﬁ)7

< Stop ,

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

I/IREAD: (XSS(MS,N),N=1,3) ,HS(MS),THOZ(MS),PHOZ (MS) /

Continue

Y
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/READ: (NM(MS),NP(MS),MS=1,MSX)/

R e e T e

— ey OGS G T T SN T G O B G N O R O

Rotate and translate coordinates

Change units to meters

Define NEC source
coordinate systems

Write new and old
coordinates and units

oy
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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 < 10730, it will be assumed that the power radi-
ated {or input power) was not specified.

FLOW DIAGRAM FOR PR:

()

Set power radiéted logic true
LPRAD=.TRUE.

LPRAD=.FALSE.
PRAD=0.

Z{r Write message}//
|




0. Command NP:

This command enables ‘the user to initialize the plate data.
A1l 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

l/r' Write message 4;7

_'_..‘.............................J....’

——
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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.

g FLOW DIAGRAM FOR NG:

Set ground plane logic false
LGRND=.FALSE.

T e et

// Write message 4//

TN Sy et Y A



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 messaggA*//




T T S e

§ 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.

5 FLOW DIAGRAM FOR NS:

Set source'1ogic false
LAMP=_FALSE.

Reset source counter
MSX=0

//*Aﬁrite messageA;;I
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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.

faliphbpriury Sy

FLOW DIAGRAM FOR NX:

— s Gue Gud oay Swd OB

Reinitialize default data

A e




T. Command LP:

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

1. READ: LWRITE

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 (Ee .
E. ) is desired. P

(normally set true)

FLOW DIAGRAM FOR LP:




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 (Eg ,E, ) is de-
sired. If LPLT is false thePret® of the
READ statements for this command will be
skipped.

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+ dB plot. |

IPLT =

’ The fields will be normalized by their maximum field values, !

FLOW DIAGRAM FOR PP:

,/' READ: LPLT ;;7

1 ?zhl,rf !
1/r> Write message A/]

T

/ Reap: mapwus, 1LY/

1/’ WRITE: RADIUS, IPLT J/’ i

el g
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V. Lomnmd 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:




— eme o= Gy OND @B
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W. Command EN:

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

FLOW DIAGRAM FOR EN:

1/rgfwrite message ;JEI

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 IV
INTERPRETATION OF INPUT DATA

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 attached

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. A1l 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, all the plates of




@15#2

PLATE ¥

Figure 7. Data format used to define a fiat 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 8. 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 i
2 i1!
¥
<
\,V‘
R
3
pLATE ¥2
3 4|2
Figure 8. Data format used to define a box structure.
n n
1 SLOT
MONOPOLE (MAGNETIC
EOUIVALSN; 1/ DIPOLE)
DIPOL
LENGTH{ " 1 - —— 1
S !
' 8<10-%a 8<10-6A
{a) MONOPOLE {b) SLOT

Figure 9. Illustration of geometry for plate-mounted antennas.
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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 monopole length fi.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 i
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,

[P

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.

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 III and is illustrated
in Figure 1. Thus the total electric field is given by

A

E(Apap) = Aofap *+ OpFep-

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

the factor e J¥R/R s 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’
ZEQE (phase of Eep), |Eep| (magnitude of Eep)’ Gde (directive gain
Eep)’ IEepl/lEeplmax (normalized magnitude of Eep)’ Gy norm (07"
malized value of the directive gain). The second section is similarly
done for the E¢p field. The third section is displayed as follows:

®p 95 G4 major major)’ Gy minor (directive
gain of E ), y (tilt angle of polarization ellipse, axial ratio,

(directive gain of E

minor

Gd (total directive gain), G (normalized total directive gain).

d norm
The above quantities are defined as follows:

2
Gd=7_"RP__.1§.'g*,
"o "rad
o o 2R TG
6 " ng Prag ' 0P

62




- 2R 2 !
G, = —p5— |[E |,
& o Prad % %
i
. I Y
d major N, Prad I majorl ?
_ 217R2

Gd minor ~ P IEminorl2 ’
"o "rad

= 2 2.2 .2.1/2
Emajor = [(|Eep|cosY+|E¢p|coswsiny) + |E¢p| sin“ysin®y] ™' °,

r— e o ouv Gue Ou BN BN M
|

e i 2 2 2 2 1/2
Eminor © l(ltep|s1ny |E¢p|cos¢c05y) + |E¢p| sin“ycosy) /7,

'——-4

¥ =LE:QP -{ Eap » (7,101

1 AFepllEyplcos v
Y 5 an
| 16,12 - IE, ) 2
op ®p
E . ;
axial ratio = |-munOr_
major

No = free space impedance.

oo .
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The value Prad is the power radiated. It is input into the
basic scattering code through the AM: command for the NEC moment

method data or through the PR: command, If a value for P is not

rad
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

- 4nU
rad

G

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.

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 O dB or the measured
patterns maximum.




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 solve a single problem
or a group of problems. In 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 proqgram, This list can be set up at the convenience of the
ucer. 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 line 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 nlot routines
are included in the code, the PP: command can be called to instate
the plots or the default list can be changed accordingly.
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In the examples that follow, all the results have been shown
graphically 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 output 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
line 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

Cres PLATE TEST, LXAMPLE TA.
Uiis UNI [ IN IdCHE
3

ricd FREQUENCY 1 GHZ.
Yl

PL3 FATTERN Cul
Waege ¢ Yiie o¥le

1 4Ytbs,

U,j(}ki,l

PGe PLAL» GREOMETHY
4

UQ.J.‘J'Bob

Y. .-»so‘) |;$ob
Deyg=3e24=3.5H
W.,J.f;.—;i.‘_/

S0 SUURCE: GEOMETRY
Delleliegtte

Deglie ¢Ylha gtde

Dobie Ve

logWe

X()z: EXie:CUTE CODE
104 N CObt:

N

D

TP AT TSN i TN N TN A A PRI ot SR 7 ey




#2(0,35,3.5) #1(0,3.5,3.5)

f

X
4]
™ __\/2 DIPOLE

/ (5.12,0,0)

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

l Figure '0a. Dipole in presence of a square ground plane,
! ' Az

#2(0,-3.5,3.5) #1(0,35,3.5)

Figure 10b. Dipole in presence of a square ground plane with a pattern
cut corresponding to Example lc.

—
| y

]

1 A/2 DIPOLE

1 / (5.12,0,0)

‘ x4 #3(0,-35-3.5) #4(0,3.5,-35)
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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 EAp pattern is compared with the measured results in Figure

13a. The E¢p pattern is not plotted hecause it is of negligihle

value.
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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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Cxample 1B, Consider the C-plane pattern of the electric dipole

in the presence of the finite ground plane in Figure 10a. This prob-
lem is the same as Example 1A except that the pattern cut information
is changed so that the phi angle is fixed and the theta angle is
varied. The input data is given by

s PLATE IE91, EXANELL 16,
e dNDEL LN THRCHES

ricd rilQUENCY TH GHZ.
Gek.

s AR CUY

e g kie .9“. .!‘ .

relie

DMLY TS I |

PG CPLALE GO TRY
4

Jegletig ety

e g=ue®)gdels

vie g =3 0..)'_;)..5
‘.)O'bot'-jut_'

ST SOURCE GG RY
Deld ol o olhs

Veghkie gvile gv o

‘IJ"!;-'.) .‘»"o

I eybia
rs LXCUTT Cont:
I I H A RIS

The Eep pattern is compared with the measured results in Figure
13b. The E¢ pattern is not plotted because it is of negligible
value.
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|
; Example 'C. Consider the pattern of the electric dipole taken
1 l 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
% l e s LA D ae XAIRLY T f
| P b 1N THChES :
4 3 ;
FHE e HeOLCICY BN GHZ. b
Ok b
R AN Uy
[ e g S e g V) e gkl
A LybStie
‘ A t:.;’ni,l
; RIVH FLALG GECGHETHY
. 4
degueel g
YN ,‘_J.‘) .J.‘)
Teg=3ery=3e"
"-':‘«o."-Jo" '
SGE LOURCE GEGAETRY ?
ST I STV i
-). ’v;. '\l‘,. " . !
S IO ;
HEP N i
r o RXeCHiE CODE: !
i3 b C bk i3
§
|
The Ee pattern is compared with its measured result in Figure
- 13c and the E¢p pattern compared with its measured result in Figure
- 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 shown 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

Ul PLATE [EST, EXAMPLE 2.
UN:

3

I &

lv.

Pl PATTERN CUL OVER CORNER
e gWa o5e o'

Fe4Y.

Y oIV I |

PGs

4

o IR ST/ I

=0 g0 eygle

=0, '-Co '(') .

Ouys=0aolle

LU

Ve gle 4

Ye yYlie oY 40

Ly 0.

logie

XJs

{u: REMOVE CORNREH DIFFHACTION
[ Sl S

Lot ot

Vol ol g3,1,4

XQe

BN

The results with and without the corner diffracted fields in-
cluded are compared in Figure 15a and b for the Eep and E¢p fields,
respectively.
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Figure 14. A A/2 slot mounted on top of
a square ground plane.
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Figure 15a. Comparison of E,_ pattern with and without corner
diffracted fie]gg for a half-wave slot antenna
mounted on a square plate.
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Figure 15b.

Comparison of E,_pattern with and without corner
diffracted fiel8§® for a half-wave slot antenna
mounted on a square plate.




Example 3. Consider the pattern of an electric dipole in the
presence of an eight-sided box as shown in Figure 16. The input data

is given by

Cks LIGHY SIDED LOX TEST,

res

Yev4

PL3
U..U..9W..w.
Tyt

Y,o00,]

563

e212,6e s

Yo yYWa o9, 410
D16 e% 0.0

lo'Uo

PGs  rltONT

4
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-.122.. IA:).:j'.I
= 122401025 4=0 1
PGs  JEFL FACK
4
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".IJZ .-.l”23.-o l
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Deo=. I"‘\‘,’,—,I

~ . 'n-"-.<'-ﬁZJ’_. 1

-o'.c,.o 'z’('ﬁ;.".

A3
{8

The Egp nattern is compared with measured results[11] in Figure

17. The E¢’p pattern is not plotted because it is of negligible value.
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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 THS), EXAMPLE 4p,
s
Yeb4

PUs

Meglle o9l oW)e

.90,

Byso, )

508

VegWe 1Y (i)

Ve yidey 180.,0.

DolieD ol e

1oy¥e

Cos

Vel gwal

=Ve 1l 4YWe el ly90.

X3

Cus CYLINDER TEST, EXMMPLE 4B. °
P CHANGE PAITERN CUT
ey la yYlle gl)e

rebi)e

Vel 0Nyl

Xos

cls CYLItDER TEST. EXAMPLE 4C.
HHs CALLL FOR NEW SOURCE
S63

Bt 10 g1 e ¢WVe 2

Yide gb) ey 1804 430

Vigh)atayble

[ S

ADS

sive

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 4A is shown in Figure 20a.
i 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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Example 5. Consider the pattern of a magnetic dipole in the
presence of an elliptic cylinder as shown in Figure 21. 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

ks eLLIFTIC CYLINDER TEST, EXAMPLE &,
biss

Vegtio ¢Fie gtie

1 oYti,

Ve S0, |

Ccue

Legle

=LV . W Yit. WD ., Y,
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DaygWe g5 e

I elie ¥

1oyl

AU

fus PRINI THPIVIDUAL FIELDS AKOUND SHADOW ROUNDARY
Fot gyl

1ot of

legl gl g4l ,44

Pl REDUCE ANGULAK KANGE
Je .U. '(IU. "‘.

1,%¢,

PA YA Y

AQ3

S PR

The reflected and diffracted fields in the region close to one
of the shadow boundaries of the elliptic cylinder, as printed by
the Tine 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 E6 field and the second two columns of real numbers are the

magnitude and phase of the Ey field. The polarization is referred 1

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

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.
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Figure 21, Elliptic cylinder configuration excited by a
magnetic source parallel to the z-axis.
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Figure 23. Comparison of GTD and moment method results for
E¢,p pattern.
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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 3
be constructed for individual runs for each case.

Cts PLAE AND CYLINDER TEST, FEXAMPLF 6,
PLs

Degtle ¢Yie gbss

%R

Wge Oxig |

(VINR

K}

ried

4.

Hoe

Deghe 2,11,

UWe gl e g Vle gi2 s

Vol eVt g1 o

1o gt

P8

4

e g e 4D

t)-.‘v'.‘o '—bo

P IR Rt T

-%e. .i;o ,bo

Hls

Ge g 12 e0125,=0.125

Ko gkio oY1, 4b o

C6s

loelZby 1o
“HeD, 5., 8.5,90.,

Af)d SOUKCE, PLATE AND CYLINDER TEST
j[HpPs kExOvE PLATLE

X0)3 SOUCE AND CYLINDER TEST
IR ! RIwaOVvE CYLINDE®
AL SCUKCE 1RSI

K13 EINDTIT L Ze GRIGIN
Ueghie oo

o glio g hie gk o

Piss plidr INE PLATE

4

-

‘e gVie q!)o

"o .“o '_bo

“se '\}-"Uo
il % "4’0").
AL SOUHCE AND PLMTEF TEST

bies

102




f e -

A2
DIPOLE
74 >
A
// Yy Yp
X¢
xp #p —/

Figure 24. A r/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 calculated E¢p patterns are compared with measured results
in the following figures.

The Ecbp 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 slot 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

'3 Flucndr T 11250, CRAMPLE T,
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The E¢p pattern is compared with its measured result in Figure
28. The measurement was made on a 1/20 scale model of a Boeing 737
at NASA (Hampton, Virgina). The antenna is a KA band waveguide mounted
in the wing[8]. The £,  pattern is significant for this case, how-
ever, it is not shown.
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(a) FRONT VIEW
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(b) TOP VIEW
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Figure 27. Illustration of geometry of Boeing 737 aircraft mode)
used in finite elliptic cylinder model.
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Figure 28. Comparison of measured and calculated Ee results,
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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>202/A). Also, since the power
radiated is known from the NEC-Moment Method Code the power results

Fhe 40 e i

are given in terms of directive gain rather than in terms of the
radiation intensity. #

—

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

i 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.
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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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Figure 31a. Comparison of the directive gain of four dipoles over
an infinite ground with four dipoles over a square
plate over an infinite ground gnd four dipoles
over a square plate alone (¢=0
vertical polarization).
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Figure 31b. Comparison of the directive gain of four dipoles over
an infinite ground with four dipoles over a square
plate over an infinite ground aBd four dipoles
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

Ck? NEC 1EST, EXAMPLL 8K,
4L
Ve ole Se bl

! Fotie
Ve, )
Frs
Y. 29¥¢L
UNs
3
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150,

| Ups
KHis
Veygble 28.H
VeylWe Y0, 40,
PG
4
2D g=25 o V.
29 e 2B e
=25 425 4,0,
=25.4=254 b.
UN3
[
uss
}
Pkt
501 SCURCE #1
—echbH el 4= 35506, 2L63T
Yo g0y YWey Y,
Y,6.3L48,49.
HO TS 82,2
SG1 SOUKCE #2
e 35H0L '-03')50‘."' 2037
PV o) e g 93, , 01,
V,0.4048,1).
cHHOTIS Z82.2
SG1 SOURCE #35
=e3H000, . 3HH0V, 200637
Ye gdey Yo, Y
u.u.d&l“a'“.
D073 ,82.2
S0 SQHKCE #4
. Jbbokﬁ. .JE)‘.)()“. 02("():37
Pe gt ey Yo e S¥ e
Uywestaliy,.
DO T 5,82, 2
XQs
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Bt "

ey

This example gives approximately the same results as those in
Example 8A. The directive gain is within approximately 0.5 dB8 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

Cius MUL LI PLE 11:ST EXAMPLE
Crs PLATE TESi, EXAMPLE TA,
UN3

3

s
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Puoe
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L4450,

My lH, I

Piss

4

Wegiatiyg3ab
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Dey=3.9H,-3.5
Megebiyg=deb
S68

S I I T
Vegtia ybila e
eab,¥.

legtie
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NXS

Cht CYLINDER TEST, EXAMPLE 4A.
FHS

Y.¥4

[*201 ]

Heglle gWtle 1) s

L g¥bia

el 114 V)

oL
Degbra 1S 4,0,

Y. W ey 18Ve o1}
W.Uo’.)'wo

’.'h.

(DS )
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=0, 1,90, G. 1 1, Y0,
Ki1s
HX3
(i:s PLA{E AND CYLINDRELW TEST, FXAMPLE 6.
Pl
% IR B 77 DRI
Ly5bia
Y2y 1)
UN3
3
ries
4.
56
WegHe 025,410
Ve gbleyWe e
Vobl el gW o
1 og¥le
P8
4
t)o 'V)- '50
Degtle '-bo
e e =He
-%e 'I,o'5.
K|S
Doyl 120,~0.125 ]
DegVle 9. 41,
cod
PodhelelD
ey S e gBeb 9.
XQs
kive
The line printer output and the graphical 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.




APPENDIX I
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. 1

1
SUBROUTIME POLPLT(ET,RP,IPLT, IPHS,IDM)

i
JYrr O INLS LOUTINE IS 11eEn To PILOT THE RESULTS IM TERYS OF A
SPYE O P0ba DLOT. Vs CALL TO SURBROUTIME "PLOTS" IS 'SEN ToO INITIALIZE
cHEr s DT TER. THE CALLS TO THE SUBROUTINF “PLOT™ ARE USED TO
SUEE O RAN R DRATE AS FOLIONSS
e
cmrm CALL PLOT(X,YN)
*rt
AR XoY=COOKDINATES OF THE NEW PLOT POINT.
cret 1
SERE N=2 PEF TS NOWN MOVING TO THE NFY POIMT,
LAY =3 PEN IS "2 MOVING TO THE MEW POINT,
RN F=999  FUFFER MSED TO STORE PLOT NATA IS EMPTIED TO PLOTTER
cret
cirt 1<O I¥YPLIES ORIGIN SHIFT TO THE MEW POIMT,
o N>0 IMPLIES NO ORIGIN SHIFT AFTER MOVING TO NEY POINT.
et

COMPTEX FTCIDM)
DIMENSTON TRUFCICC)
DATA PITPI DPR/Z,141859265,6,2831852,57.29577v5%8/
“MX=0Q,
DO 101 19=0,560,IPHS
I=1P+1
FM=CARS(FT(I))
[F(EM.GT.EMX) =MX=EM
161 CONTIMUE

CALL VPLOTSCIBUF,100,3)
CALL PLOT(4.25,5.5,=-2)

o whx POLARZ GRID *=x+
D0 110 1=1,4
4G=nP%x][ /4,
CALL PLOT(RG,0, ,2)
00110 J=0,360,2
AMNG=J/DPKR
IX=ROC*COS (ANG)
YY=H(*STH(ANM(G)

ie CALL PLOT (XX, YY,2)

DNy 1Y t=t,6 -
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5 gy

ANG=(]=1)*P]/6,
ANGS=ANGHD]
ANGr=ANG
[FCI.EQ.2*x(1/2)) GO Ta 11
ANGS=ANG
ANGr=ANHG+P] 1
CONTINUE 1
AX=PP*COS(AY(S)
YY=HP*SIII(AKRGS)
CALL PLOT (X)X ,vY,2)
XX=RrRP*C(S(ANCE)
YY=RP*SIN (AMCr)
112 CALL PLOT(XX,YY.?2)
o ARk PATTERN DLIOT A%
DY 120 IP=0,3C0, IFPHS
[=[P+1
SAM=CARS(ETOL) ) Z7E MY
TECIRLT=-2) 121,122,127
121 QD=RE*ETM
O TO 125
122 BN=HF*ETMx=TN
GO 1O 125
123 TE(ETMIT.O0.01) FTM=0,.D1
ED=2C*xALOGCIC(ETM)
IF(HN.LT.-40.) RNh==40,
RD=RP*(N+40, ) /40N,
125 CONTIMUE
ANG=IP/IPR
XX=120'*SIN(ANLG)
YY=2D*COS(AYG)
1pP:=N=2
IFCI.EQ.1) TFEN=3
12C  CALL PLOTC(AX,YY,IPEN)
CALL PLOT(4,.25,-5.%,-3)
130 COMNTIMUE
CALL PLOT(0.,N.,9%%9)
M RETURN
END

P ey oot T G OGN W o

L ] > aund ———

> -

129

ous ey WSS WM e —a

- e LY R e

A e BIEER . Ctos L e e N T




e ———

REFERENCES

1. R. J. Marhefka, "Analysis of Aircraft Wing-Mounted Antenna Patterns,”
Report 2902-25, June 1976, The Ohio State University ElectroScience
Laboratory, Department of Electrical Engineering; prepared under
Grant No. NGL 36-008-138 for National Aeronautics and Space
Administration.

?. W. D. Burnside, M. C. Gilreath, R. J. Marhefka, and C. L. Yu,
"A Study of KC-135 Aircraft Antenna Patterns,”" IEEE Trans. on
Antennas and Propagation, Vol. AP-23, No. 3, May 1975, pp. 309-
316.

3. C. L. Yu, W. D. Burnside and M, C. Gilreath, "Volumetric Pattern
Analysis of Airborne Antennas," IEEE Trans. on Antennas and
Propagation, Vol. AP-26, No. 5, September 1978, pp. 636-641.

4. R. G. Kouyoumjian and P. H. Pathak, "A Uniform Geometrical Theory
of Diffraction for an Edge in a Perfectly-Conducting Surface,"
Proc. IEEE, Vol. 62, November 1974, pp. 1448-1461.

5. R. G. Kouyoumjian, "The Geometrical Theory of Diffraction and
Its Applications,"” Numerical and Asymptotic Techniques in Electro-

magnetics, edited by R. Mittra, Spring-Verlag, New York, 1975.

6. P. H. Pathak, W. D. Burnside and R. J. Marhefka, "A Uniform
GTD Analysis of the Diffraction of Electromagnetic Waves by
a Smooth Convex Surface," submitted for publication to IEEE
Trans. on Antennas and Propagation. (Also Report 784583-4,
April 1979, The Ohio State University ElectroScience Laboratory,
Department of Electrical Engineering; prepared under Contract
No. N62269-76-C-0554 for Naval Air Development Center.

130

-
YT T T Y T A T gt O v st T, T v

@ ey -~



7.  G. J. Burke and A. J. Poggio, "Numerical Electromagnetic Code
(NEC) - Method of Moments," NOSC/TD 116, July 1977, Naval Ocean
Systems Center, San Diego, California 92152.

8. F. W. Schmidt and R. J. Marhefka, "Numerical Electromagnetic
Code (NEC) - Basic Scattering Code, Part 1I: Code Manual," Report
784508-14, Septemher 1979, The Ohio State University Electro-
Science Labhoratory, Department of Electrical Engineering; pre-
pared under Contract No. N00123-76-C-1371 for Naval Regional
Procurement Office.

- as sl
[ ] o [ S -

- -

9. C. H. Walter, Traveling Wave Antennas, Dover Publications, Inc.,
{ New York, 1979, pp. 15-16.

10. J. D. Kraus, Antennas, McGraw Hill Book Company, Inc., New York,
1950, pp. 464-477.

11. H. Bach, "Pattern Measurements of High Frequency Satellite-Mounted
Antennas,” Electromagnetic Institute, Technical University of .
Denmark, R154, January 1976. f

- 171

\

Tt N r o Sy - W -







