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EVALUATION

This contractual effort resulted in the development of a geometrical

theory of diffraction (GTD) computer code using the output of the antenna

modeling program (AMP). This new GTD—MIP program analytically predicts

the far field pattern of wire antennas above finite size ground planes

taking into account the mutual coupling between current elements on

the wire structure and the ground plane . The far field pa ttern also takes

into account the edge diffraction from the finite ground plane.

The results of this effort provide a means of simulating the antenna

and its environment more accurately than previously accomp lished in the

past. This fits into the RADC Technology Plan (TPO—5) for analytically

simulating antenna systems to determine their effectiveness before fabrication

and test.

The GTD—AMY computer code is presently operational on the RADC—HIS

635 computer facility and will be used to analyze the performance characteris-

tics of radar and communication type antenna systems.

(~L~ ~~~~ ~~~~ 
-

CARMEN S. MALAGISI
Project Engineer
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I . PROGRAM CAPABILITIES

This document describes a computer program (referred to hereafter a~;
the OSU or GTD-AMP program) which has been developed for the computa t ion of
the far field radiation from an arbitrary system of short current carrying
wire segments situated above a flat polygonal plate which itself is locatf d
above a planar impedance surface or a dielectric medium bounded by a plane
surface. The wire radiator—plate geometry is shown in Figure 1.

The wire radiator may have up to 300 segments (this number could eanily
be increased), which can be arbitrarily connected . The complex currents
(e~~~ time convention) flowing on each wire segmel are assumed to be alread y
known. The wire segments may be arbitrarily locati~ over the plate provide d
they are at least 1/4 away from the nearest edge.

We have shown that if the wire segments are located over the surface of
the plate so that it is possible to drop a perpendicular from any point on the
wire to the plate and are at least a quarter wavelength away from the plate
edges, then the currents may be found quite accurately by replacing the finite
polygonal plate with an infinite plate and then solving the resulting problem
using moment methods [1]. Many computer codes exist which are capable of
solving such a problem . One such code is the Antenna Modeling Program (AMP)
[2). The input format for our program conforms to that of the output from
AMP . It is assumed that the wire  segments are small enough so that the cur-
rent flows axially along the wires and is constant over the length of one
wire  segment .

The f la t, perfectly conducting polygonal plate may have up to 50
straight edges. The interior angles made by the intersecting edges must be
less than 1800, i.e., the plate must be a convex polygon. The edges can be
of any length and the wedge angle of each edge can be specifed by the user.
This enables the user to model simple solid bodies.

The user may choose not to include the diffraction from one or more of
the edges. This option makes it possible to model semi—infinite structures,
since the diffraction from the edges at “infinity ” may thus be excluded .

The infinite surface in the z = 0 plane can be used in three ways.
First, it m ay be considered as an impedance surface and its complex normalized
surface impedance specified . The normalized surface impedance z~ is defined
by E~ = -z5noH~

, Ex z8n0R~. where Ex, Ev, ~~~~~
‘ and are evaluated on the

x-y plane and no — 377 ohms. Special provisions for specifying the surface as
a perfectly conducting groundplane have been made to avoid possible numerical
difficulties. Second, the infinite half-space z < 0 may be filled with mate-
rial of arbitrary per-mittivity and conductivity. This option might be used
in modeling structures over the ocean or over lossy ground. Note that for any
of the above cases only the fields in the z > 0 half-space are determined .
Thirdly, the surface (and the entire z < 0 half-space) may be free space.

One of the options available to the user is to include only the

1
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Figure 2. A square plate in the y-z plane illuminated by a current element
centered over the plate. The frequency is 10.43 gHz.
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scattered fields when summing the field contributions from the plate arid sur-
face. In this mode one (or more) current elements can be used to illuminat e
the plate/ground surface with the desired inciden t field. The program then
calculates the scattered fields. Note that in this mode of operation the
simultaneous use of a program such as AMP to find the segment currents is not
required .

Another option available to the user is to s p e c)f y calculation of only
the diffracted fields. By comparing the diffracted field pattern with t h ’~
total field pattern for the same geometry, one can quickl y determine the dom-
inant radiation mechanism for various pattern regions.

The user can control tOe output of the program by means of various in1’ut
constants. It fields in dB are desired , one can obtain separately either the
theta component , the phi component , or the total power of the rad :~~ted field
in a given direction . This flexibility allows the user to obtain an output
which is not cluttered with unwanted data when only one polarization is of
interest. However , if desired , all of the above may be printed out. The
normalization of the maximum dB level may also be controlled by m cat~~ of
input constants. If all three quantities are printed out , then all will be
normalized in the same way so that comparisons between the three will be
meaningful.

The complex electric field strengths in volts/meters for the two polar-
izations (El and ~) can also be printed out for any point in space , provided
the point is in the far field of the radiating structure .

Provisions have also been made for punched card output and for the con-
trol of possible visual displays of the calculated patterns which may be
implemented at RADC.

The patterns may be computed with a fixed El and va r iab le  ~~, or vice
versa . A d d i t i o n a l l y ,  the incremental angle between pattern data p ou t s  may
be controlled by the user.

A simple example of the type of geometry which can be handled l y this
program is shown in Figure 2. A radiating current element is located above a
square plate. In Figure 3, the calculated radiation pattern in the x-y p l ane
is compared with measured data [3). The agreement is seen to be quite gooc .

II. PROGRAM LIMITATIONS

The GTD is basically a high frequency method. The user should be aware
of the basic limitations of the present computer code, which includes only
singly diffracted rays. This means that for accurate results the plate edges
must be larger than one or two wavelengths and the current segments should be
at least 1/2 away from the nearest edge. The plate size could be signif i-
cantly reduced in an improved version including doubly—d iffracted edge and
vertex diffracted rays.

5
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The omission of vertex d i f f r a c t e d  rays  from the computer code does not
significantly affect pattern calculations such as the one in Figure 3 where
the plane of the pat tern cut is not near any of the plate  corners. However ,
in Figure 4 we show a pattern calculation for the same geometry as Figures 2
and 3 , but w i t h  the pa t te rn  cut in the plane of the plate. The discontirmu-
ities in the calculated patterns are caused by the lack of an adequate mathe-
matical model for the diffraction from the corners of the plate. Useful data
can still be obtained , but the user of the program should expect pattern dis-
continuities when a d i f f r a c t i o n  point is near a plate corner.

— E 9
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0dB

L / -107/,
-20

Figure 4.  Calculated E0 and E~ patterns for geometry of Figure 2
in the yz plane.
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As is the case with any numerical solution, numerical difficulties can
arise if some of the distance or length parameters of the problem vary from
one another by many orders of magnitude. To avoid these problems the user is
cautioned to keep the plate and sources within 1,000 wavelengths of the ori-
gin and to let the plate edges and source distances differ by no more than
4 orders of magnitude.

When using the program to calculate diffracted or scattered fields far
from the pla te , one may find a discontinuity in the calculated field in the
d irection of the specular reflection . This is due to the vanishingly
small angular width of this specular contribution in the far field , and the
calculated field at that one angle is incorrect. The contribution is retained
in the solution because it is needed in order to obtain correct results closer
to the scatterer .

If the wire radiator is located between the plate and the ground plane
(impedance surface or dielectric half space), the code will produce a calcu-
lated pattern; however , several types of rays which are not significant when
the source is above the plate may be significant when the source is between
the plate and the ground plane. Examples of such rays include rays reflected
by the ground plane and diffracted by the plate, rays multiply reflected by
the plate and the ground plane, and such rays eventually diffracted by the
plate. Figure 1 illustrates all of the types of rays presently included in
the code. If the problem geometry is such that other types of rays make sig-
nificant contributions to the pattern, then the results obtained using this
code will be more or less in error, depending on the relative importance of
the the missing rays, and should be used with caution. It should be empha-
sized here that for the cases where the source is above the plate (or where
no z = 0 plane discontinuity is present) , the code does include all of the
significant rays (subject to the constraints on plate size and corner dif-
fraction previously mentioned).

Despite the limitations listed above, the present code is capable of
calculating radiation patterns for some fairly realistic geometries. Two
examples of this are shown in Figures 5 and 6.

III. PThDGRAM DESCRIPTION

A description of the operation of the present computer code will be
given in this section. A top level flow chart for the program is presented,
and br ief functional descriptions of the important subroutines will be pro-
vided.

As previously indicated , all of the types of rays included in the
present code are shown in Figure 1. The computer code thus has two basic
functions. First , it must decide whether or not any ray (or rays) of a given
type exist . If so , it must then evaluate the electric fields associated with
these rays. The results of the above process for each current segment are
then added to produce the desired radiation pattern. It is evident that the

9
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computations can actually be separated into two distinct parts : the geometri-
cal problem of finding the contributing rays and the electromagnetic problem
of evaluating the associated fields. We will see that the organization of
the code is such that in many respects the two parts are treated distinctly,
with different subroutines being used for the geometrical and electromagnetic
calculations.

A top level flow chart of the main program (subroutines are excluded)
is shown in Figure 7. From this it is evident that most of the actual calcu-
lations are performed in the subroutines . The various subroutines are ex-
tensively documented with coninents which are distributed throughout the pro-
gram listing. However , in order to provide an understanding of how the sub-
routines are logically interconnected, we will give brief descriptions of the
basic subroutines ENGO, ETDIF and GROUN D , list the subroutines which they
call , and give br ief descriptions of their purpose. These descriptions will
be given in brief , blocked out form for easy reference.

ENGO: Calculates the direct and incident radiation
fields.

ENGO calls subroutines EXIST, IMAGE , SOURCE.
EXIST: Determines whether or not the incident ray

or reflected ray exists .
IMAGE : Determines the location of the image of a

point through a plane.
SOURCE: Can compute either 1) the incident field at a

d if f raction point or 2) the far field of a
source or image. When called by ENGO, function
2) is utilized .

Subroutine ENGO loops over all of the current segments. For each current seg-
ment it c~ lls IMAGE to locate the image of the source in the plate , then calls
EXIST to see if the ray from this image passes through the plate . If so,
SOURCE is called to evaluate the field I rain the image location. To evaluate
the direct radiation ENGO calls EXIST again to see if the ray from the source
passes through the plate. If not , SOURCE is called to evaluate the f ield
from the source location . The two contributions are added , and the next cur-
rent segment in the DO loop is considered .

ETDIF: Calculates the total diffracted field .
ETDIF calls subroutine EMDIF.
EMDIF: Calculates the field diffracted (if any) by

a given edge in a given direction when illunti-
nated by a source at a given location .

Subroutine ETUIF loops over all of the current segments and all of the dif-
fracting plate edges. Each time EMDIF is called to evaluate the diffracted
field (if any). The results from ENDIF are sunined to give the total diffrac-
ted field . (By total diffracted field , we mean the total field diffracted
from the edges of the plate to the field point due to direct illumination of
the edges by the current segments. Doubly diffracted fields or fields due to

10



START

NO Data to
read in?

End YE S

Read i n one
Section of data

NO Finishe d
reading ~~~~

YES

P r i n t  probl em
descrip tion

Calcu la te constant s
convert un i ts

00 280
Cha nge F ield r int

[~Calculate Field Point_01~~~~~~n

NO £ .  .eld Is Total Held or
C.( 0 ? Scattered Field desired?

“S

[ Cal l Subroutine (TOtE to
ca lc u l at e the total  of the
fields diffracted by the
plate edges for each
L current segment.

Figure 7. Top level flow chart for the GTD-AMP computer code.
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I Add the 6.0. Fields to
[~~e Diffracted Fields
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llli tnetion via single d lff rac—
tios f r~, plate edge .

044 to grevSous results

—

~~~

Stat ~~ent 280
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L Output 

__________1~Print  Output 1
To

STAll

Figure 7 (continued). Top level flow chart for the GTD-AMP
computer code.
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reflections from the impedance surface are not included).

GROUND: Calculates the fields reflected from the
impedance surface whether due to direct
i l lumination by a current segment or il-
lumination due to d i f f r a ction by a plate
edge.

GROUND calls subroutine RFPN, SOURCE and EMDIF.
RFPN : Determines whether or not the ray reflected

by the impedance surface in a given direction
can exist .

S~ broutine 
(
~ROUND loops over all of the current segment sources. It calls

subroutine RFPN to determine whether the reflected ray from a particular
source exists. If so, subrou tine SOURCE is called to eval uate the f ield
from that particular source. Subroutine GROUND then loops over all of the
edges (this loop is nested inside the source loop). For each edge EMDIF is
called to calculate  the d i f f rac ted- re f l ec ted  field. Subroutine EMDIF itself
makes use of the logic in RFPN to determine whether or not a given diffracted-
ref lected ray can exist.

The above information should provide the reader with an understanding
of the basic organization of the program. For more detailed information the
reader is referred to the program listing itself. As previously mentioned,
this listing is liberally interlaced with comments which explain the working
of the program in detail.

IV. INPUT/OUTPUT DESCRIPTION

The various coordinate systems which are used to specify the pla te
geometry and field point location are shown in Figure 8. The usual Cartesian
(xyz) coordinates are used to locate each of the vertices of the flat poly-
gonal plate. Each vertex is given a number . and the vertices are numbered
consecutively (in either direction) around the plate. Each of the plate edges
is also assigned a number (shown irs parenthesis), with edge number K between
vertices K and K + 1.

As mentioned previously, the diffracted fields from individual edges
may be excluded from the calculations. This makes it possible to treat semi-
infinite structures. For example, the model of an infinitely long strip
shown in Figure 9 has the length uf the strip much greater than the distance
from the source to the strip, and the program can be directed to neglect the
diffraction fros edges (2) and (4). It should be noted that the plate must
always have at least 1 diffracting edge.

The usual spherical coordinates (r, 8, •) are also indicated in Figure
8, and these together with the * coordinate are used to specif y the field
point. The progr am allows for two types of pattern cuts: 1) conical (or
planar) cuts where 8 is held constant with • varying between 0° and 360~, and

13
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Flat Plate

/
~~j2 )

(3)/ ~~~~ 
X

n t
~ Wire Segment

Midpoint 

~~~ 
(4) I

o ~ 6 ~ 180
o ~ 4 < 360

0

Z 

O~~~i~~~360 °

Figure 8. Coordinates used to specify the plate vertices,
current elements and field point.

2) planar cuts with i4, varying between 0° and 360°. The additional coordinate
~‘ is introduced to avoid the difficulty involved in making a complete circle
around the radiating structure with 4 constant. This difficulty arises be-
cause 0 is usually constrained so that 0 ~ 0 ~ 180

0. The plane of the pattern
cut for patterns of type 2) is determined by the z axis and the point speci-
f ied by the r value and the initial ~Ji and • values. This point also deter-
mines the positive i~, direction in the plane (i.e., from the negative z axis
toward the initial point). The value of r given for the field point should
be in the far zone, i.e., it should be far enough away from the radiating
structure so that all rays from the structure toward the field point are 

2essentially parallel. Generally, this condition can be obtained if r > 2D /A ,
where D is the maximum extent of the radiating system including all wire
elements, plate edges , and all image points. Phase is referenced to the
origin of the xyz coordinates.
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(3)

~~~ ator
/w 
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( I )

4~~ I 
y Coordinate << ( -Z ~~

)

(4)

Figure 9. Modeling infinite conducting strip with rectangular
plate. The diffraction from edges (2) and (4) can
be explicitly excluded from the computations.
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The center of each radiating current segment is specified using
Cartesian coordinates as illustrated in Figure 10. Either the unprised (xyz)
coordinates used to locate the plate vertices or the primed (x’y’z’) coordi-
nates defined by the plate location may be used . This second coordinate

‘I

fl th Segment

( I)  2

y

x

Figure 10. Coordinates used to specify wire segment locations.
Either the unprimed (xyz) coordinates used to locate
the plate or the primed (x’y ’z’) coordinates defined
so that the plate is in the x ’y’ plane may be used.
The x”y”z” axes used to define angles and are
parallel to whichever coordinate system (primed or
ursprimed) is chosen.-

system is added so that coordinates from the AMP program , which requires
that the ground plane coincide with the x-y plane , can be fed directly into
the present code. The primed coordinates are defined with z’ perpendicular

16



to the plane of the plate and x’ along edge (1), with the origin at vertex 1.

The orientation of each segment is specified by the a and B angles
shown in Figure 10, where 31” , y” and z ” are parallel to the coordinate system
axes used to specify the segment center (either x , y, z or x’, y’, z’). This
specification of the wire segment: location is the same as that used in the
output of AMP .

The connection data and tag numbers used by AMP may be input to the
code, if desired . This information will then be printed out for identifica-
tion purposes. However, this data is not needed or used by the OSU code.

We will now describe in detail the format of the input cards which con-
trol the operation of the code. The input data will consist of a section of
comments and four numerical input sections. The coninents section is a set of
comment cards which enable the user to print out a description of the problem.
Each comment card starts at column 1 with an aster isk sign (*), except the
last conment card which must begin with a period sign ( . ) .  At least one com-
ment card must be included in the input data set. After the conmients are the
following sections :

—l Plate data,
-2 Source data,
-3 Pattern control,
-4 Ontput control.

All four sections need not be included . However, those included must be in
the above order.

The first card of each section identifies the section number at column
15. Columns 1-10 are for identification , which can contain any combination
of characters to help the user to identify the card. The contents of columns
1-10 do not have any effects on the computer code and will be referred to as
the identification field. A number ‘l” in column 20, whenever it appears on
the f i r st card in a section , indicates that the program will be executed
right after reading that section’s data; otherwise , the data of the next sec-
tion will be read following that of the present section. For more details,
refer to the discussion on modification of input data.

A. Plate Data

Following the plate data section card (1 in column 15) is the plate
data, which includes three types of cards besides the section card. These
three types of cards appear in the following order:

--One card to specify the number of edges of the plate (II)
and the number of diffracting edges (ME). It is usual to
have M - ME, except for some special cases in which the
diffracted fields from certain edges are not included.
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The format is (lOx , 215); lOx is the field used for identi-
fying comments.

--A second card (included only when ME is less than M) is to
specify the diff racting edges by edge numbers , one number
for each diffracting edge. The format is (lOx, 1415) and
it can be continued on other cards.

-—A third type of card (one card for each vertex) is to specify
the positions (x, y ,  z) of the vertices and the corresponding
wedge angle. The format is (lOx, 4FlO.5). The position of
one vertex and the wedge angle for the edcye between that ver-
tex and the next is contained on one card . The ordering of
vertices is described in Figure 2 and must be applied . All
dimensions are in meters.

--The last card in this section is used to specify the impedance
surface parameters. The Format is (lOx, 15, 2El2.4). The
integer variable IGND in the 15 field may be coded in one of
three ways: IGND = 0, no impedance surface , i.e., free
space everywhere; IGND = 1, dielectric half space for z < 0;
IGND = 2 , impedance surface at z = 0. For IGND = 1, the
relative permittivity C r and the conductivity a 

(mhos/meter) ,
respectively , are coded into the two El2.4 fields. For
IGND = 3, the real and imaginary parts of the surface imped-
ance z~ (normalized to that of free space) are coded into
the two E12.4 fields. However, if c and a (or z

5
) are

equal to zero, the z = 0 surface will be treated as a
perfectly conducting ground plane. (These zero values are
then not related to physical properties, but serve only to
input into the code the information that the x-y plane
should be treated as a perfect conductor).

B. Source Data

Following the Source Data Section card (2 in column 15) are three types
of data cards:

—-Number of current segments NI and coordinate system used --
N negative for primed system ; positive for unprimed. Format
(lOx , 15).

--Segment positions: one card for each segment. On each card :
position of midpoint (x, y ,  z) or (x’, y ’, z’), length , angles
alpha and beta, and the connection data (optional). Format
(6FlO.5), 415).

--Complex segment currents, rectangular form, format (2El2.4).
Again there is one card for each current segment. The order
must correspond with that of the above segment position cards.
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C. Pattern Control

Following the Pattern Control Section card (3 in column 15) is the in-
put card which controls the pattern calculations and frequency. It is for-
matted (lOx, SF10.5, Ell.4). The input variables and descriptions, in the
order in which they are read, are listed below:

Al the initial ($ or 4)) pattern angle
AF the final (4’ or 4)) pattern angle
DEL the angle increment
PHIThE the fixed (8 or 4’) pattern angles. If PHITN E

is negative , it denotes a fixed 6; if positive
or zero, a fixed 4’. (0 — PHITHEI).

FR frequency in gigahertz; if FR = 0, the default
frequency of .3 gHZ is used (the wavelength is
then 1 m, so that all lengths can be input as
wavelengths).

HA radial distance from center of coordinate sys tem
to field point; if HA = 0, then the default value
of 10,000 wavelengths is used. Note that the radial
distance specified must be in the far field of the
source-plate geometry for accurate results.

D. Output Control

The output control portion of the input data consists of the section
card (4 in column 15) followed by one card , formatted (lOx , 815, F1O .5). The
control variables on this card, in the order in which they are coded, are:

--1OUT1: If only the 0 component pattern or only the 4’
component pattern or only the power pattern is desired,
then this variable is set to a non-zero integer value as
follows :

1 for 0 component of pattern in dB ,
2 for 4’ component of pattern in dB,
3 for power pattern in dB.

The individual component selected will have a max value i
in dB equal to FACTOR (described below). If IOUT1 = 0,
none of the individual patterns listed above are printed
out.

--IOUT2: If all three of the above patterns are of interest,
then set 1CX3T2 = 1. This will result in the 8 and 4’ com-
ponent patterns and the power pattern being printed out in
dB. All three will be normalized identically, 80 that com-
parisons between the three components will be meaninqful.
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The maximum value of the power pattern will be equal to
FACTOR. If IO(JT2 = 0, the three components will, not be
printed out.

-—IOUT3: If complex electric fields are desired , then set
ICXJT3 as follows:

IOUT3 = 1 will output the complex 0 and $
components of the electric field
in rectangular form

IO(JT3 = 2 will output the complex 8 and $
components of the electric field
in polar form

If the complex electric fields are not desired,
set ICIJT3 = 0.

--JCUT1, JOUT2, JCtJT3: If any of these variables are set 1,
the corresponding (IOUT1 , 1WT2 , IOUT3) field quantities will
be punched on cards. If card output is not desired, set them
— 0.

——JOUT4: This variable reserved for control of plotting routines
which may be implemented at RADC.

-—IFIELD : Determines the nature of the calculated fields:

— l for diffracted field only,
0 for total field,
1 for scattered field only .

-—FACTOR: Maximum value for dB patterns controlled by IOUT1
and ICXJT2. See the discussion above.

E. Modification of Input Data

The computer code is designed to handle many different problems at each
run. If certain data sections do not vary from one problem to the next, the
data need not be read in again. After the first problem, the data set need
only consist of the introduction (coemlents) section and the modified data sec-
tions. The last section of modified data to be read in for each problem
should contain a 1 punched in column 20 of the section card. The remaining
cards of that section will be read and the program will then begin calcula-
tions for that problem.

V. SAMPLE COMPUTER RUNS

In this section we will present four sample runs of the present OSU
program. Each sample will be complete with input cards and program output
listed. The first three samples will be cases where the desired results can
be obtained without using AMP to find the currents. The last case will
f i rst ut i l ize AMP to find the currents (the AMP output is included) and then
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the currents will be input into the OSU code for pattern calcu1a~ tons.

A. Current Element Above a Square Plate

The first sample run will correspond to the geometry of Figure 2, and
the pattern cut will produce the pattern of Figure 3. The input card listing
and program output are shown in the next pages. Since this is our first
example , a brief discussion of the input data stream is appropriate. The
prospective user should follow this di scussion with reference to the previous
section of this report.

The f i rst  five cards are comment cards uze~i to identify the run. The
last comment card starts with a period . Following these cards the actual in-
put is divided into four sections by the section cards which begin with the
word ‘ SECTION~ (optional -- for user identification) and are identified by
number in column 15.

Section 1 is concerned with the plate and ground plane data. For this
problem the plate has 4 edges, all 4 of which may contribute to the diffracted
fields. Each vertex is given, and the interior wedge angle (left blank) is
0.00 for each edge. No impedance surface is present.

In Section 2 the number of current segments (1 in this case), their
position, and the complex current flowing on each is given.

In Section 3 the pattern control data is given. For this run 0 is fixed
at 90° ‘x-y plane) while 4’ varies from 0

0 to 360
0 in 50 increments. The fre-

quency and the distance from the origin to the field point are given.

In Section 4 the program is directed to produce a printed output con-
sisting of the 0 and 4’ components in dE with a maximum value of 00.0 dE and
also the complex electric field (polar form) for both the 0 and 4’ components.
The total field will be calculated.

The corresponding output is listed following the input card listing.
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Case A Input

•PROBLFM :
ABOVE FLAT PLATE

IS 12”
‘DIPOLE IS 6.75” *BOVF THE PLATE £ IN THE CENTER
.FWEO ()ENC Y IS 10.43 (H1
SECT ION 1
Nfl. EDGES ö 4
VERTEX 0.0 fl.152’0 —0.1524
VERT ~~X 0.0 0.15 240 0.1524
V E R T E X  0.0 — .15 240 0.1524
V E R T E X  0.0 — . 15240 — 0.1 524
NO GROUND 0
SECTION 2
• SEGM ENT 1
0.1714 0.0 0.0 0.0 1 90. 0.

1
SECTION 3
PATTERN 0.0 340. 5. —90. 10.43 •1.0000E+05
SECTION 4
OUTPUT 0 1 2 0 0 0 0 00.0
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B. Current Element On Step

The geometry for  this  problem is shown in the insert of Figure 11. We
wish to find the radiated fields . This is a two-dimensional problem which
can be solved quite easily using the GTD. The step structure can be modeled
by the GTD-AMP computer code by letting the plate form the top surface of the
step and the infinite ground plane form the lower surface. The vertical
surface can not actually be modeled . However6 all of its effects can be in-
cluded by specifying that the plate have a 90 wedge angle .  Since the or igi-
na l problem has only one d i f f r acting edge, the GTD-AMP code is directed to
include diffraction effects from only the corresponding plate edge. The
other edges are specified to be far from the current element so that the semi-
infinite nature of the original problem is closely approximated . The input
data and corresponding output appear on the following pages.

I
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Case B Input

•SP- P STRUCTURE
S F C I I f l N  I
NO .  f -DO E S 4 1
U h F . FUC’1F 2
V~~~ T I- ) 999. —99 9 . 1. 90.
V F ’ ~~T E X  999 . 0 .0 1. 90.
v F R T F X  ..999~ (f~~fl 1. 90.
V F O T F X  — 999. — C - 4 9 . 1. 90.
GRD II P’ j D P L .  1 O.000flF+00 0.0000E+0O
SFCTU ’N 2
I ‘.f i.MFNT I
0 — tO . 1 . 0( 1  .00? 90. 0.0

I .0000E.OO 0.0000E.flr)
S E C T I O N  3
P*TTERN 90. 270. 5. 270. 0.0 +L.0000f-+0S
SECT ION 4
OUTPUT C) 1 2 0 0 0 0 00.0
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C. 3/4A Vertical Mono,pole Over a Dielectric

The geometry of this problem is indicated in Figure 12. The current on
the monopole is assumed to be sinusoidal so that P5MP is not needed to deter-
mine the currents. The monopole is divided into 8 current segments. The
monopole is over a dielectric half space with £ = 4 , and no d i f f racting
plate is present in the original problem . However, to fulfill the program
logic requirements that a plate with at least one diffracting edge must be
included in each problem a very small plate far from the monopole is included ,
and this plate is fur ther constrai ned to have only one d i f f racting edge so
that its effect on the pattern is negligible. The results from the GTD—N4P
code are compared with results from Collin and Zucker [4] in Figure 12.
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Case C Input

.S T F S 1  •~SECTION 1
P’ID. FOG ES 4 1
01FF . ErX;F 1
V E R E E X  99 .q997 9c .999 ’1 leo.
V E R T EX 100.0003 99. 9497 100.
V E R T E X  100. 0003 100.0003 100.
V E R T E X  99.9997 100.0003 100.
GROuND P1. 1 4 .OOCO E+00 0.0000E+00
SECTION 2
I S EG MENTS R
0.0 0.0 .05 .1 90. 0.0
0.0 0.0 .15 .1 90. 0.0
0.0 0.0 .75 .1 90. 0.0
0.0 0.0 .?5 .1 90. 0.0
0.0 0.0 .45 .1 90. 0.0
0.0 0.0 .55 .1 90. 0.0
0.0 0.0 •#‘5 .1 90. 0.0
0.0 0.0 .7?5 .05 90. 0.0

- - —0.9511F.00 0.0000E.00
—0 .5R7$F +0 0 0.0000E.00
0.0000F.0O 0.0000E.00
0.S~~78F,0O 0.0000E+0fl
0.9511Fs 00 0.0000E+00
0.Q S I I E +OO 0.0000€ .00
0.5R78E.00 0.0000E+00
0. 1” 64E.00 0.0000E+00

SECTION 3
PATT ERN 90. 180. 5. 270. 0.0 +1.0000E.05
SECTION 4
OU1PUT 0 1 2 0 0 0 0 00.0
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D. Three Element Yagi Over a Finite Ground Plane --
AMP Interface

In this section we are concerned with finding the pattern of a three-
element Yag i antenna in the presence of a 13.\ square conducting plate. The
dimensions of the Yagi are shown in Figure 13.

In order to find the currents on the Yagi elements, the AMP program is
used and the currents are found with the Yagi located above an infinite
ground plane. As discussed previously, these currents will be affected very
little by the presence of the plate edges provided the edges are at least
X/4 away, as is the case here. The AMP program output [5J is listed on the
following pages.

The currents from the AMP program output were input to the GTD-AMP code
via the input cards listed following the AMP output listing. Two different
geometries were included: 1) Yagi over 13A square plate; 2) Yagi over infin-
ite groundplane. Note that the Yagi currents, since they are the same for
both geometries , need not be repeated. The results from the GTD-AMP code are
listed and are compared with one another and with the pattern calculated by
AMP in Figure 13. Measured data for this problem is given by Kraus [6], and
shows good agreement with the calculated values in Figurt 13.
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Figure 13. Calculated patternc for a 3 element beau antenna
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Case D Input

•CURRENT SOURC ES OVE R * PLATE
.CLIRRFNI DI S1RI~ u11ON ORT*INED FROM AMP
SEC T
MO. EDG ES 4 4
VERTEX —6.5 —6.3 0.0
VERTEX 6.5 —6 .5 0.0
VERTEX 6.5 6.5 0.0
VERTEX —6.5 6.5 0.0
GROUND

2
• SE GMEN TS 29

—0.1 1.0 0.05273 0.0 0.0
—0.1 1.0 0.05273 0.0 0.0
-0.1 1.0 0.05273 0.0 0.0

—O.1O5~ 5 —0. 1 1.0 0.05273 0.0 0.0
—0.05773 —0.1 1.0 0.05273 0.0 0.0
0.00000 —0. 1 1.0 0.05273 0.0 0.0
0.05213 0.t 1.0 0.05213 0.0 0.0
0.10545 —0.1 1.0 0.03273 0.0 0.0
0.ISP1R —0.1 1.0 0.05273 0.0 0.0
0.21091 —0. ! 1.0 0.05273 0.0 0.0
0.26~64 —0.1 1.0 0.05273 0.0 0.0

—0.22722 0.0 1.0 0.05556 0.0 0.0
—0.16 667 0.0 1.0 0.05556 0.0 0.0
—0 .111 11 0.0 1.0 0.05556 0.0 0.0
-0.055 56 0.0 1.0 0.05556 0.0 0.0
0.00000 0.0 1.0 0.05556 0.0 0.0
0.05 556 0.0 1.0 0.05556 0.0 0.0
0.11111 0.0 1.0 0.05556 0.0 0.0
0. 16667 0.0 1.0 0.05356 0.0 0.0
0. 22222 0.0 hO 0.05556 0.0 0.0

—0.20000 0.1 1.0 0.05000 0.0 0.0
—0 .15000 0.1 1.0 0.05000 0.0 0.0
-0.10000 0. 1 1.0 0.03000 0.0 0.0
—0 .05000 0.1 1.0 0.05000 0.0 0.0

0.00000 0.1 1.0 0.05000 0.0 0.0
0.03000 0.1 1.0 0.05000 0.0 0.0
0. 10000 0.1 1.0 0.05000 0.0 0.0
0.15000 0. 1 1.0 0.05000 0.0 0.0
0.20000 0. 1 1.0 0.03000 0.0 0.0
+0.27321 — 03 +0.63941—03
+O .5562F —03 .0.17961— 02
+0.6423 1—03 +0 .7M 7 RE—f l 2
•0.6~ 92F-03 40.31601-02
+O.6149F-03 +0.43291—02
•0 .6034 F—03 +0. 4524 1—0 2
.0.61491—03 +0. 43291—0 2
•0.6’~92 F— 03 +0.37601 —0 2
.0.6423 1—03 •0.?R7R E— 02
+0. 5562 1—03 +0. 17961— 02
.0.2732 1—03 +0.63’~4 E—0 3
+0.4 7 8Rf—O 7 —0. 197~)1—0 2
+0. 124 AE—0 1 — O.4~’59 E—0 2
•0. IRS7F— 01 — O. 6M111—0 2
+0.2251 1—0 1 —0. 7750E—0 2
+O. 2?RR F—0J —0.7 596 1—0 2
.0. 2? St E—0 1 —0. 77301—0 2
•O .I$57E—O 1 — 0.6R11E — 02
•0.124* E—0 1 —0 . 4N59E—0 2
+0.478 * E—0 2 —0.1979 1—02
—0. 370A E—02 — 0. 2102E—0 2
—0. 9474E— O2 —0.5 761€—0 ?

45



-0. l’~$ 9E—01 —0. 1625 F—0 2
0.IIII7 OF OI —0. 91181—0 2

—0.17671—01 —0.96301—02
—0. 1670 1—01 —0. 91181—0 2
—0. 1389 F—01 — 0. 7625E—0?
~0. 04741—0? —0.3 26 11—02
—0. 370 8 1—02 — 0 .2 102 1—02

S E C T I O N  3
PATTERN 0. 360. 5. 90. 0.0 •1.0000E+05

SECTION 4

OIJTP(IT 0 1 2 0 0 0 0 000
*SO (JRCE OVER PERFECT COND(,CTOR GROUND PLANE
.CIIRRENT OISTRIR(JT IDN ORTAINED FROM AMP
SECTI O N
NO. EDGES 4 1
OI~~F. EDGE 2
VERT EX 99.9997 99.9997 100.
VERTEX 100.0003 99.9997 100.
VERT EX 100.0003 100.0003 100.
VERTEX 99.9997 100.0003 ZoO.
GROUND 1 O.0000E+00 0.0000E+O0
S E C T I O N 3 1
PATTER N 90. 270. 5. 90. 0.0 +j .0000E+05
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APPENDIX A

MODELING THE SPECULAR REFLECTION
FROM THE GROUND OR OCEAN

The reflection of EM waves from the rough ground or ocean is Ill-I ermined
primarily by two quantities -- the constitutive parameters of the medium and
the surface roughness. If the surface is relatively smooth , then the reflec-
tion will be primarily specular and can be determined quite easily from the
complex permi t t iv i ty  of the medium . If the surface’ is very rough , then the
reflection will be incoherent and the simplest approximat ion  to the specular
reflection is to neglect it altogether.  If the surface is neither very
rough nor very smooth , the problem of determining the reflection is quite in-
volved and is beyond the scope of the present work. However , for certain
cases (for example , the ocean) an effective surface impedance can be defined
which wil l  allow the calculation of an approximate average re flection f r om
the rough surface.

A measure of surface roughness , which can be used to q u a n t i t a t i v e l y
determine relat ive roughness or smoothness , is the Rayleigh criteria:

R = 
41T~~~ cosO

A

where s = Standard devia tion of surface irregularities
0 = Angle of incidence measured from the normal

= Wavelength.

For R < 0.1 there is a well—defined specular reflection and the reflection co-
efficient may be approximated using the usual plane wave reflection coeffi-
cients (in our code, this corresponds to option IGND = 1 in the Plate Data
Section). For 0.1 < R < 10 the surface roughness may not be neglected . How-
ever , if an effective surface impedance is ava~ilable , it may be used to deter-
mine an approximate reflection coefficient (option IGND = 2). When R > 10,
the surface is so rough that the specularly ref l ected f ield is neglig ible and
can be neglected (option IGND 0).

For making calculations for a “typical” lossy earth , the relat i ve di-
electric constant will vary from about 7 for a low conductivity earth t o
about 30 for a highly conductive earth, with a typical value being 4- r = 15 .
The corr esponding range for the conductivity is from 1 to 30 millimho/meter
[7 ) .

For frequencies up to .5 gHZ Barrick [81 has developed an effective sur-
face impedance which can be used to approximate the reflection from the ocean ’s
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surface. A graph giving values of this normalized surface impedance for vari-
ous states of sea roughness is shown in Figure A-i.

Finally it should be emphasized that the determination of the reflection
from a statistically rough surface (R ~ 0.1) is a complex problem, 

so that the
methods outlined here for dealing with this problem are quite simplistic and
can be expected to yield only approximate results at best.
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