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I.  INTRODUCTION

This report describes a computer program which analyzes im-
pedance and pattern characteristics of wire type antennas mounted
on a satellite. The satellite body is modeled by an enclosing struc-
ture of flat plates, some of which act as ground planes for the
wire antennas. The basic principles and techniques for the present
analysis are similar to those developed previously for the case
of wire antennas on a flat platel. This work extends the analysis
of reference 1 to account for a more complex multiplate structure
and deals with the general case where several antennas can share
the same ground plane or they can be located on different faces
of the satellite structure. As a result, to obtain accurate values

for the antenna impedances, it is essential that all coupling terms
due to reflected and diffracted fields from nearby panels and wedges
as well as those due to the presence of other wire antennas must
be added to the appropriate terms of the open-circuit impedance
matrix. Efforts have been directed to make the present program

compatible in programming logic and terminology with existing thin

wire antenna programs developed by Professor J. Richmond2’3.

IT. INPUT DATA AND SUBROUTINE CWIRE

Subroutine CWIRE is used to setup the input data for the main
program. The following parameters must be specified in subroutine
CWIRE

AL  wire radius in wavelengths

CMM wire conductivity in megamhos/m

FMC frequency in MHz

NPGP number of wire end-points on the ground planes

NRP number of real points including those on the ground planes
NSGP number of wire segments touching the ground planes

NRS number of real wire segments.




To illustrate the working of the subroutines and main program,
a satellite structure consists of 10 plates as sketched in Figure
1 is used in the examples. In the first example, a quarter wave
monopole is mounted at (0.,-),0.) on plate 1 of the structure. Sub-
routine CWIRE for this case is listed in Figure 2. T'n the second
example, another quarter wave monopole is located at the center
of plate 2 and perpendicular to this plate, the corresponding CWIRE
is listed in Figure 3. In both cases, CWIRE first defines the wire
geometry by specifying the coordinates XC, YC, ZC of the endpoints
in meters. For more complex wire structures such as that of helical
antennas, a subroutine which generates XC, YC, ZC similar to sub-
routine HELIX of Appendix 2 can be called for this purpose. Do
loop 702 generates the segment numbers and the 1ist of end-points
IA, IB for each real wire segment (Figure 2). The array element
IDPT (I) specifies the plate (number) that acts as the ground plane
for endpoint I. It then reads in and stores input data describing
the model of the satellite structure, which include the position
vectors CR of the corners and the list of corner index NPLC. Figure
1 shows the carrier index written next to the corner, numbered from
1 to 12. The plate number is written on each plate and encircled.
Plate 10 is the bottom plate defined by corners 9, 10, 11 and 12.
This input data for satellite geometry is labeled file IN1 in user
name 3468N. Type - COPY IN1,3468N TO .IN, user name will make this
file available for input to subroutine CWIRE. The data file INl
is listed below.
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The meaning of the

lowing tables.

Corner index
I

-
QOO NADIUITHWMN -

—
N =

.

CR(I,1)

[SANS NS, NS, NS, NS, NS, NS, Ne Neo N3, NS, |

1
PN NINNMN NN =
.

Table 1

i ¥
(in wavelengths)
CR(I,2)

-2.0

—
[$,)

1
.

. .
OO0 OOODOOOWUN.

WWWWWwWWwWMN =
. .

Each plate is defined by 4 corners C1, C2, C3, C4.
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The position vectors CR of the corners are converted to metric
units in Do 18. Subroutine CWIRE then generates the list of unit
vectors VNP, where VNP (I,3) denotes the unit vector normal to plate
I. The normal unit vector is defined as a cross-product of two
edge vectors and points outward, away from the structure. This
is done in loop Do 12. Note that the corner index NPLC (I,J), J=
1,2,3,4 has been arranged such that an observer proceeds from one
corner to the next on the same plate in the direction of increasing

J will see the normal vector to his left, pointing outward.
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Figure 1. Model of 10-plate structure used in examples.
Dimensions in wavelengths.
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Figure 3. Subroutine CWIRE.
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[IT. THE MAIN COMPUTER PROGRAM

The main computer program is listed in Figure 4., This program
calls subroutine CWIRE for input data, namely the geometry of the
wire antennas and the multiplate structure. The program next calls
subroutine CSORT to generate appropriate image points and image
segments. CSORT also sets up the dipole current modes for the wires
and their images. Each dipole mode I has segments JA(I) and JB(I),
terminals at point IZ(I)’ and endpoints II(I), 13(1). Subroutine
CSORT generates the following information:

ND(J) number of dipole modes sharing segment J

MD(J,K)  1ist of dipoles sharing segment J

NCM size of the compressed open-circuit impedance matrix
N number of dipole modes of the complete systems

IDSEG(J) the plate (number) that acts as the ground plane
for segment J.

The following quantities must be specified in the main program.

LEE dimension the compressed matric C(I,J)

1CJ dimension related to the number of dipole modes N
INP dimension related to the number of points NP

INS dimension related to the number of segments

NOP number of plates of the structure

NOC number of corners of the structure.

The numerical values assigned to the above quantities must
agree with the dimensions actually reserved for the corresponding
quantities in the COMPLEX and DIMENSION statements. For example
when the structure has only one plate NOP=1, correspondingly we
must redimension all related vectors, e.q.,

DIMENSION NPLC(1,4), VNP(1,4)

11
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instead of
DIMENSION NPLC(10,4), VNP(10,4) for the 10-plate case.

X(I), Y(I), Z(I) denotes the dimensionless quantities kx, ky,
kz for point I where k = 2n/X. XC(I), YC(I), ZC(I) denotes
the coordinates x, y, z in meters.

The main program calls subroutine CMATX (Appendix 10) to gen-
erate the compressed open circuit impedance matrix C(I,J). CMATX
performs the same function as subroutine IDANT of Reference 3. The
main difference lies with the addition of coupling terms due to
reflected and diffracted fields in the matrix.

The program next calls subroutine ANTI (reference 3) to obtain
the resultant current distribution on the wires and the radiation
efficiency EFF. If the wire antennas have only one generator and
VG = (1.,0.) then Y11’ 211 denotes the antenna input admittance
and impedance respectively (see example 1, section IV). If there
are more than one generator; input impedance at input port J can
be obtained by dividing VG(J) by CJ(J) (see example 2, section IV).
(Note that if the generator excites a point on the ground plane
- CJ(J) should be used, as the current for the ground plane dipole
mode is defined in reverse direction from those of the real modes
(see also reference 3)).

Finally the antenna pattern is obtained by calling subroutine
CIFFLD (appendix 11). TH and PH denote the spherical coordinates
0,6 in degrees of the distant observer. CIFFLD is called once for
each observed direction, TH, PH. CIFFLD is essentially the same
as subroutine TFFLD of reference 3 except for the call CZFF. Pat-

terns in xy, yx, xy planes are obtained by setting pattern indi-
cators IXY, IYZ, IXY respectively to a positive integer value, if
all indicators assume zero or negative integer values no pattern
is computed. The resultant patterns are stored in library file
PLDATB ready for plotting.

12
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Figure 4. Main program.
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Figure 4 (Cont'd).
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IV. EXAMPLES

A. A Quarter Wave Monopole on Plate 1

The monopole is located at (0.,-),0.) on plate 1 of the struc-
ture in Fiqure 1. It is fed with 1 volt delta gap generator at
the point of contact with the ground plane. The output file DA¢1
as generated by the program is listed in Figure 5. Input impedance
211 is (40.12+3j21.8) ohms. If the same monopole is located at the
center of a square plate 200\ each side, computation with the present
program yields Z11 = 39.66+j21.54 ohms, which is the same value
as that of a quarter wave monopole mounted on an infinite ground
plane obtained with programs of reference 3. Far field patterns
in x-z, and y-z planes are shown in Figures 6 and 7, without in-
clusion of doubly diffracted fields. These patterns agree well
with those independently generated by R. Marhefka's GTD computer
program4.
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B. Two Quarter Wave Monopoles on Plate 1 and Plate ?

Corsider the second example where the first monopole is lo-
cated as in example 1. The second monopole is at center of face
? or at (-21,0.,-0.5\) in x, y, z coordinate system as shown in
Figure 1. The 2nd monopole is perpendicular to its ground plane
and fed with 1.0 volt delta gap generator at ground plane end. Out-
put file DA$l resulted from this program is listed in Figure 8,
where input impedances for monopole 1 and 2 are Z11 and Z22 respec-
tively.

More importantly, the knowledge of the coupling or interference
effects between wire antennas mounted on the satellite is essential
in the design stage to evaluate alternative arrangements. The present
program is well equipped for this purpose. For example, let us
consider the case of two quarter wave monopoles mounted on plates
1 and ? of the satellite (Figure 9). Here we wish to study the
amount of interference or coupling between the two monopoles. Mono-
pole on plate 1 is excited with a 1 volt delta-gap generator, and
the program (DOAN14, 3468N) computes the complex voltage V12 which
appears across the 50 termination of receiving monopole on plate
?. A plot of V12 versus distance d2 is shown in Figure 10, where
d? denotes the separation of the receiving monopole from the edge.

The dB plot shows a change in the slope of lV12| close to d2 i

1.08\, where the receiving monopole starts seeing the direct incident

field from the monopole on plate 1.
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Satellite with a two antenna coupling problem.
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APPENDIX 1
SUBROUTINE CROSSP

CALL statement

CALL CROSSP (V1, V2, VN3, V3)

This subroutine computes the vector of products of V1 and V2

i = o
V3 =Vl x V2
t_,
—
T V3 :
VN3 = I::;r unit vector of cross product.
V3

The listing of CROSSP is shown in Figure A.1,
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Figure Al. Subroutine CROSSP.
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APPENDIX 2 |
SUBROUTINE HELIX

This subroutine is listed in Figure A.2. It describes the
geometry of helical antennas.

: CALL statement

CALL HELIX (XC,YC,zC,IA,IB,CIRCM,ALFA,TURN,NANT,AXIS,ASTAR,NRS,NRP)

INPUT.

CIRCM: Circumference of helix
ALFA: Pitch angle

TURN: Number of turns

NANT: Number of helical antennas

AIXS(NANT,3): Position vector of the feed point of the helical
antenna NANT

ASTAR(NANT,3): Position vector of the standing point of the helical
antenna NANT (or end point of the connecting segment)

ﬁ ouTPUT
XC,YC,ZC: Coordinates of end points of all segments of the 3
helical antennas |
IA,IB: List of index of end points
NRS: Number of real segments g

NRP : Number of real points. i
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Figure A2. Subroutine HELIX.
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APPENDIX 3
SUBROUTINE COMED

This subroutine is listed in Figure A.3. It is used to find
the plate (number) that shares corners Cl’ C2 with plate I.
CALL statement

CALL COMED (I,C1,C2,CR,NPLC,NCED,NALL,NOP,NOC)

Input:

Is plate (number) under consideration

€1,62: position vectors of corners C1, C?2. Dimension C1(3),C2(2)

CR: List of position vectors of corners. Dimension CR(NOC,3),
where the first parameter NOC is the corner index.

NPLC: List of corner indices. Each corner index carries two

parameter NPLC (NOP,J) where NOP is the plate index and
J is the integer 1, 2, 3 or 4 assigned to each corner
of the 4-corner plate.

NALL>0:  check out all plates (NALL plates)

NALL<0: check only the plates with index number smaller than I

NOP: total number of plates.

Output:
NCED>0 plate having index NCED shares corners Cl,c2 with plate I

NCED<O: no plate shares corners CI’CZ with plate I.
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Figure A3. Subroutine COMED.
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APPENDIX 4
SUBROUTINE IMAGE

This subroutine is listed in Figure A4. Subroutine IMAGE finds
the position vector RI(3) of the image of a source vector RS(3)
projected on the plate (number) I.

CALL statement

CALL IMAGE (RS,RI,I,NIMA,VNP,NPLC,CR,NOP,NOC)

Input:
{35

RS:
VNP :
NPLC:
€R:
NOP:
NOC:

Output:

RI:
NIMA:

plate under consideration

position vector of source point

list of unit vectors normal to plate I.
list of corner indices.

list of position vectors of corners
total number of plates.

total number of corners.

position vector of image point

image indicator

NIMA>0 image exists and distinct from source
NIMA<O source is on the plate, RS=RI.
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Figure A4. Subroutine IMAGE.
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APPENDIX 5
SUBROUTINE REGION

This subroutine is listed in Figure A.5. Given a source point RRS
and an ohservation point RRO, subroutine REGION will check if any plate
is blockina the ray path. A plate does not block the ray path if either

the source point or the observation point is on the plate. |

CALL statement:

CALL RFGION (RRS,RRO,RRT,CR,VNP,NN1 ,NN? TELL,NPLC,NFAR,NALL,MM,

NOP ,NOC)
1
Input: Position vectors of source point and observation point
respectively.
CR: List of position vectors of corners
VNP: List of unit vectors normal to the plates

NN1,NN2: Blocking check of plates NN1, NN2 not required. If want
to check blocking by all plates, set NNI, NN2 to negative

integers.
NPLC: List of corner indices
NFAR: Far field indicator. For observation point in the far
field NFAR>0
NALL: Number of plates that may block the ray path (usually
NALL=NOP)
NOP : Total numher of plates on structure |
NOC: Total number of corners on structure 1
Output:
RRT(3): Position vector of point of intersection
MM: The plate (number) that first blocks the ray.
FELL: Blocking indicator

TELL=.TRUE.: A plate is blocking
TELL=.FALSE. No plate is blocking the ray.
Subroutine called is CROSSP.
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APPENDIX 6
SUBROUTINE DIFPT

This subroutine is listed in Figure A.6. Given a source point
RS and a near-zone observation point RO, subroutine DIFPT finds
the position of the diffraction point on the edge (wedae) following
the procedure described in reference 1.

CALL statement:

CALL DTFPT (RS,R0,C1,C?,VNN,SP,S,ANI,RD,VI,IDX,VPHNS,VPHND,VBNS,
/BND,PHS.PHD,BN,E)

Input:

RS(3),R0(3): Position vectors of source point and near-field
observation point respectively.

C1(3),C2(3): Position vectors of corners Cl, C2 defining the edge

VNN(3): Unit vector normal to the plate, n.

Output:

RD(3): Position vector of diffraction point Q

SP: Distance between source and diffraction point in meters.

S: Distance between observation point and diffraction
point in meters.

ANT: Angle of incidence w.r.t. the edge in radians

Vi 3e Unit vector along incident ray from source to dif-

fraction point
IDX: Fdae diffraction indicator IDX<0 no diffraction by

the edge, vice versa
VPHNS(3) ,VPHND(3) é',é unit vectors (see accompanying Figure, Figure 11)
VBNS(3),VBND(3): ', 4 unit vectors

PHS,PHD: ¢',6 angles in degrees.
(3 Unit vector along edge: from corner Cl1 to C2, E.
BN(3): BN=VNNxE, unit vector perpendicular to the edge, E.

Subroutine called is CROSSP.
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APPENDIX 7
SUBROUTINE DIFPTF

This subroutine is listed in Figure A.7. Given a source point
RS and a far-zone unit vector RO, subroutine DIFPTF finds the posi-
tion vector of the diffraction point RD, if any, on the edge defined
hy corner C1 and C?. Relevant expressions are described in Ref-
erence 1.

CALL Statement:

CALL DIFPTF (RS,C1,C2,VNN,RO,SP,ANI,RD,IDX,VPHNS,VPHNS,VBNS, VBND,

PHS,PHD,BN,E)

Input:

RS(3),R0(3): Position vectors of source point and far-zone
unit vector

C1(3),C2(3): Position vectors of 2 corners defining the edge

VNN(3): Unit vector normal to the plate

Output:

RD(3): Position vector of the diffraction point on
the edge.

SP: Distance between source and diffraction point
in meters.

ANI: Angle of incidence w.r.t. the edge in radians

1DX: Edge diffraction indicator; IDX<0, no diffraction

by the edge, vice versa.
VPHNS(3),VPHND(3); &',d
VBNS(3),VBND(3); &',

PHS,PHD: ¢',0

BN(3): BN=VNNxE; also a unit vector perpendicular to
the edge.

E(3): Unit vector directing along the edge from corner
C1 to C2.
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APPENDIX 8
SUBROUTINE WEDIFF

Subroutine WEDIFF is listed in Figure A-8. Given a source
point RS and an observation point RO in the far-field (NFAR>0) or
near-field zone (NFAR<Q), subroutine WEDIFF generates relevant pa-
rameters for the computation of the diffracted field in the presence
of the edge defined by corners Cl and C2.

CALL statement:

CALL WEDIFF (RS,C1,C2,RO,RD,IPL,NFAR,AM,WAVM,NCM,VNP ,CR,NPLC,NOP,
NOC, VBNS, VPHNS,CONS1,VB2,VB2,IDIF,VBND, VPHND)

Input:
RS(3),R0(3): Position vectors of source point and observation
point
IPL: Plate under consideration
NFAR: Far field indicator
AM: Wire radius in meter
WAVM: Wavelength in meter
NCM: Size of the compressed matrix
VNP : List of unit vectors normal to the plates
CR: List of position vectors of corners
NPLC: List of corner index
NOP : Number of plates
‘ NOC: Number of corners
% c1,C2: Corners C1 and C2 defining the edge
: Output:

VBNS(3),VPHNS(3):  Unit vectors A',4' (Figure 11)
VBND(3),VPHND(3):  Unit vectors B',6 (Figure 11)

IDIF: Diffraction indicator




CONS1: Diffraction coefficient '
VB1,VB?: Vp(L,87,n), Vg(L,8%,n); B*=pse’
such that ’
ed - - (VB1-VB2)*E,* CONS1
£ - _(vB1+vB2)*E,) *cONSI

Phase of Ef and Ef is referred to origin of coordinate system when
NFAR>0, to source point when NFAR<O. Subroutines called DIFPT,
REGION,NIFPTF,COMED,CROSSP.
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APPENDIX Q
SUBROUTINE CSORT

This subroutine is listed in Figure A.9, It is used to set
up the image points and image segments, generate ID indices for
these points and segments, derive the size of the compressed im-
pedance matrix, set up the modes and provide a list of modes MD(J,K)
and a list of dipoles ND(J) sharing segment J. Basically CSORT
is a modified version of subroutine ISORT in reference 2 to deal
with wire antennas on different plates of the satellite structure.
Input data for the satellite structure are entered through the last
seven parameters in the CALL statement, namely VNP,NPLC,CR,NOP,NOC,
IDSEG,IDPT. Output parameters are NCM,IDSEG,MD,N,DC,I1,12,13,IA(K),
IB(K),XC(I),YC(I),zC(I).

CALL statement:

CALL CSORT (IA,IB,ICC,ICJ,INS,IWRITE,I2,12,13,JA,JB,MAX,MIN,MD,N,
NCM,ND,NP ,NS,NRP,NRS,NPGP ,NSGP,DC, XC,YC,ZC,VNP,NPLC,RC,NOP,NOC, IDSEG,
IDPT)

The above parameters are defined as follows:

Variables 3
Input: !
IA(J),1IB(J): End points index of segment J extending from
A to B
1€C: Dimension relating to matrix C(I,J)
1CJ: Dimensions relating to the number of dipole
modes N
INP: Dimension relating to the number of points
NP
INS: Dimension relating to the number of segments
NS

‘ a7




X0, YE, 26 Coordinates of real points in meters

NRP : Number of real points

NRS : Number of real segments

NPGP : number of points touching the ground plane
(plates)

NSGP : Number of segments with end points on the
plates

NP: Number of points for the complete antenna
system

NS: Number of segments for the complete antenna
system

VNP ,NPLC,CR,NOP ,NOP: Parameters relating to satellite structure
as defined previously

Output:

NCM: Size of the compressed matrix

ND(J)Y: List of dipoles sharing segment J

MD(J,K): List of dipole modes sharing segment J

N Number of dipole modes of the complete system

I1,I,,IR: Terminal point I?, end points Il’ 13 of dipole
modes

XCYE . ZC: Coordinates of imaginary and real points

IA,IA: End points of real and imaginary segments

JA,JB: Segment number for each dipole mode

DC: Segment Tength in meters

IDSEG(K); Plate that accomodates segment K

IDPT(I): Plate that relates to endpoint I

Subroutine called IMAGE.

ag




Output:
NCM:
ND(J):
MD(J,K):
<N>

11,12,13:

G YC ZC:
IA, IA:
JA,JB:
DC:
IDSEG(K);
IDPT(1):

Subroutine called IMAGE.

Size of the compressed matrix

List of dipoles sharing segment J

List of dipole mode sharing segment J

Number of dipole modes of the complete system
Terminal point Iz, end points Il,'I3 of dipole
modes

Coordinates of imaginary and real points

End points of real and imaginary segments
Segment number for each dipole mode

Segment Tength in meters

Plate that accomodates segment K

Plate that relates to endpoint I
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APPENDIX 10
SUBROUTINE CMATX

Subroutine CMATX is listed in Figure A.10. It computes C matrix

for a general wire configuration similar to subroutine IDANT and

7GS of reference 3, but CMATX also accounts for the components of

the C matrix due to reflected and diffracted fields from plates

and wedges as expressed in the P(I,J) terms. In the form listed,
CMATX does not include effects of wire conductivity. However, if
wire surface impedance is to be included, CMATX can be extended

by adding the section from statements 200 and 260 of subroutine
IDANT® before statement 267 of CMATX.

CALL statement:

CALL CMATX (ICC,INT,JPP,MD,N,NCM,ND,NLF,NP,NPGP,NRS,NS,AK,CMM,D,
FMC,CDK, SDK,NFAR,WAVM,AM, XC,YC,ZC,CR, VNP ,NOP ,NOC,NSGP,
NPLC,X,Y,Z, IDSEG)

Input and output parameters are defined below.

Input:

1CC Dimension related to the open-circuit impedance matrix C

INT: Integer denotes the number of integration intervals using
Simpson's rule. For general purpose set INT=4

JPP: Number of modes that have images

MD: List of dipole modes sharing segment J ‘

N: Total number of dipole modes

NCM: Dimension of the compressed C matrix

ND: List of dipoles sharing segment J

NLD: Number of lump loads

NP Number of points

NPGP: Number of points on the ground plane

NRS: Number of real segments
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NS:
AK:
CMM:
D:
FMC:
NFAR:
WAVM:
AM:

XC,YC,ZC:

€R:

VNP :
NOP:
NOC:
NSGP :
NPLC:

XC,YC,ZC:

IDSEG:

Output:
CDK:
SDK:

Subroutine called: 7GS,7GMM, REGION,IMAGE,COMED,WEDIFF

'——'—'——

Number of segments

(2n/ko)a where a is wire radius

Wire conductivity in megamhos/m

List of dimensionless segment lengths kd
Frequency in MHz
Far field indicator

Wavelenath in meters

Wire radius in meters

Coordinates of the end points

List of position vectors of corners in meters
List of unit vector normal to the plates
Number of plates

Number of corners

Number of segments on the ground plane

List of corner indices

Dimensionless coordinates of end points

List of plates (numbers) that act as a ground plane for
segment J.

List of cos(yd) for all segments
List of sin (yd) for all segments
Resultant C matrix
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SUBROUTINE CMATX

DO 200

SELECT SOURCE SEGMENT K
AND RECEIVING SEGMENT L
AND APPROPIATE MODES I,V

<

YES

K AND L ON THE)

SAME PLATE ?

1
G

YES NO
| 120

CALL ZGMM << & L SHARE

NO

BOTH K 8 L REAL
SEGMENTS ?

YES
250

CHECK DIRECT RAY

NE POINT ?
2 il COMPUTE COUPLING
YES NO DUE TO DIRECT RAY

80 220 l
CALL e CHECK REFLECTION
ZGMM 2GS COMPUTE COUPLING

275 l

K 8 L REAL
SEGMENTS ?

NO

[¥és

|
)

DUE TO REFLECTION
DO 270

CALL GNF

270 CONTINUE

280 } *

CHECK DIFFRACTION
RAY

COMPUTE COUPLING
DUE TO DIFFRACTION

DO 100
1

56

I7 COMPUTE CST
168 COMPUTE C(I,J)

1

200 CONTINUE

!

RETURN
END

e —
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27 DIMENSTON VPHRSEAS) o VEHEN (3) ¢ VBNR(3) o VERO (3) oFNNZ(3) oBN2(3)

2n cx*(p(g)=TCTAL mOe OF DIPCLE MALES SHARING SEGHENT o ‘
23 C*eMO (K )I=LIST GF DIPCLES SHARING SEGMENT J i
SO CcHxli=10TAL N, GF DIPOLE MOGES !

31 ¥* |
S¢ DATA TH/be2%31R/

3y 2 FURMATIRK ' A h=aFB 6 aSY ¢ tLIUAXTY FBelU ¢OX 0 IMINZ FBel)
Su TPL=TP/WAVY

3 CAMZCMPLA(0 .o TPL)
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St Ny 10 T=XelCm
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Yu 10 C(Toed)=(Ue460)
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42 FMTIN=1e

43 ryg el J=LlekS

44 nd=u(J?

4 TF(DJ et T AXY)NMAX=0Y
Y& TF(OJ LTI NMIN=DY
47 cer(d)y=cus(y)

44 Spkr (U) =S1In(ud)

b S SN (J)ECYFL Y (Ne oS0k (J))
o0 ¢ CoN () =ClrY(ePKUU) gy )
o 3 W= ¥lh >

b ruk (K)=CuUk ¢J)

235 CPR(K)=Sk(u)

54 r SR )= PLY (Ne o SUK(K))
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Figure A10. Subroutine CMATX.
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Ye 2° CcONTIUE
‘ 57 TEF(DU1H LT AR )GO T 21
o TEIOMAX LT o2, )R0 T 21
549 TF(AKG=To0 )N TOH 21
- ol ty TO =22
ol 21 ERITE (Fae) AR o MAX o DM TN
6 =N
635 Re TUKN
bl 29 NY 200 K=1,9S
6 NDK=l (K )
bb wWA=TIA(K)
o7 “B=IB ()
(3X3) R=0(n)
64 QHEOS=CPLX (Do o SR (K))
70 CONS=C"PLX(CLK(K) o)
71 NU 200 Lz=l.0S
72 fp)=ND (L)
75 LA=IAC)
T4 L u=Isn)
7 ne=b((L)
76 [QENT=CHPLX (e ¢ SOK(L))
77 NL=E0
75 Ny 200 T1=1.M0K
79 T=MD(ReTl)
an TR(IaT otiCHIGO TO 200
81 Fi1=1.
&2 TF(KBeFWale (1)IGU TO 3¢
8% TE(KRet WeI1(T1))FLl==1,
84 Ts=1
85 cu To &n
b 34 TF(KAeFUWeI2A(I))F1==1,
&7 15=¢
bt 4n fu e Ju=1.0pL
By J=MD(Ledu)
9u JE(Lea3Teu) 0 70 20
91 FJd=1.

2 TE(Lftel Gelety)V¥0 TO HE
93 TE(LRe el1(U)IFU==1,
94 Js=1
9% GO TO S0
Ju 46 TF(LAGERe12(J))IFU==1,
97 Js=¢
9. BN TFINILNELD)GD TU 15¢
9 MilL=1

100 c*xeppTivhlive SIMILAR TO 268
101 CA=(X(1L.R)=Xx(LA))/ZDL
102 CH=(Y(LR)=Y(LA))/0L
103 Co=(Z(LR)=Z7CLA))/0L
104 TNG=2x (1Y /2)

165 TF(InSelLTez)INS=2
10& 1P=11S+1

107 NELT=DL/ZINS

10¢# T=0,

109 P1I=(Jegel)

110 122(06eeel)
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111 21=(Ve0,0)
11c Pe?2z(Ueeel)
| 4 115 11=(Uegel)
} *14 212=(Ueqe0)
| N H21=(Uqqel)
11t> Pg2=(Ueqgoll)
117 O(1e1)=(U,ga,01)
| 11 (1e2)=(Leeal)
| 119 F(2e1)=(Leya0)
12" (h‘(atd,:(Uo!.O, 1
121 SeM==L, |

122 C** 1+ T P 14E SGLRCFS CORRESPANDIMG T ENDPOINTS TOUCHING THE
1248 C**Grunigl PLoMe #OF PEFLFCTION ann DIFFRACTIOM TESTS,

124 r*¥xAp g FAC ACCOLMTS FOR GRAZING INCTIREWCF
125 TE(KAeToelMisF e ANDe KBeGToHPRP)GO TO 210
126 TF(KBeLF 4MFGP)YRU TO 208

127 TUSEGAR=ZTILSE LK)

124 RPSA(1I)=XC(RA)+T b =06%VNP (I(:SFGKe1)
129 FSA(2)=YC (K )+1leb=UOEXVMNP(IUSFGA42)
130y GSAA)=2C(Rh M)+ Vet =(0E*YNP (1USFGR,3)
131 RSP (1)=XC (k1)

152 RSP (2)=YC (KT

133 S0 (3)=2C(Ke)

134 ANFAC=0 45

134 pEAC=1.,

136 G TO ~1%

137 <c0&  TOUSEGKR=T1GRG(K)

13 PSA(L)YEX( Lk L)

139 PSA(2)=YC(KN)

4n RSA(R)=2C(FDN)

141 FSHETI)I=XC(KE) 41 etk =06XVMNP(IUSFGK o)
14¢ CSR2)=Y0(RY )4+ et =UHEXVNP (TOSFGR 4 2)
145 RSP (A)=ZC(KL') 4T et =% YNP(IISFGK . 3)
144 AFAC=1,

14¢ 0 TO ~1%

147 21, PSACL)I=XC(ED)

14¢ PSA(2)=YCLE M)

149 RFSA(3)=2C(KN)

150 PSF(1)=XC(¥F)

151 FSR(2)=YU(R!)

152 FSP(3)=72C (k%)

155 PHAC=1.

154 PEAC=1.

15% 215 CASS(X(KRh)eXx(kA))/DK

156 FBES=(Y(KB)=Y(KA)) /DK

157 Cur=(2(KY )= (KA)) /DK

158 (Cr=Cn&«Chrc4+CRaCHBS+CG%CKS

15¢% TUN=1USE C(R ) =TDSEGL)

161 TFCIDDGME )0 TO 240

161 TF(het Wal)(cU TO 120

162 TNDS(LA=K A )3 (LA=KB)* (LA=pH) e (LBakA)
164 TF(INieFL0)GO T0 €0

164 cx*apTFyMNA SEGMEMTS ON SAME PLATE
165 220 FAIL Z5SUX(FA) Y (KA) eZIKA) o¥ (KB) oY (KR) 7 (KB) oY (LAY SY (LA

Figure A10 (Cont'd).
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16¢c PLlLA) s AL ) oY (LH) «Z(LR) gk ¢PEyCNK(K) aSNK(K) oDLaSOK(L ) o INT
167 e llel) el (1902)eR(2¢1)a(24d))

160 g 10 27

169 120 C=h 5
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176 Mz KR
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179 TNz (A =LA) ¥ (KR=L+)

18¢ TE(INUGML qui) 0 TC § 2

181 JC=KH

182 Kp==1
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185 42 LG=3
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197 Ny 98 “K=z1ec
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206 g TO 17
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211 ¢5¢ t=n, 3
21e cEMi=ele

21 P11=(Vevol)

214 F12=(Ueval)

215 1729=(Veoel)

21‘—1 Pz;‘:(U.o.U)

217 EI1=(Vesel)

21 FI?2=(Vegell)
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220 Ny by IM=y41F
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221 PUlI)=YCULE)HIT/TPL )%
22¢ CQ(2)SYC (LRI +(T/TFPL )*CER
22% RUlA)=cClLA)+(T/ZTPL)¥(CG
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=l ¥RN(2) oRE(3) ¢ AMIUC(K) o CONS SAROS ETACGAMFE X1 0EY1eEZLoE X2
226 sEYZWEZ2)
227 r VRYTE (F e=) Tl ¢EXLot X2
228 1° FALL KEGLIUN(RSAIRGGRET qCR ¢ VMNP se] q=1 yTELL 4 IPLC ¢=1+NOP¢MMeNOP +NOC)
; 229 TECTELLY)GO T 18
! 230 FrlsExi=Chsbt YI*Cli4E 21205
251 13 FALL RFGLONIFRER RO GRRTeCRoVMP o=l ¢=1 o TELL 4 WPLC 4 =1 ¢NOPyMMoNOP 4NOC)
232 JE(TFLI)GOG TO 14
233 FLI2SEXZ 44t YorCH+e 22%C6
34 CC=a,+ 0y
235 TF(IMetfiql o0Re IMNEQJIPICC=14
236 CCr=Cl*gyr (LL=T)
237 CCo2=CC*S1i(T)
¢330 F11=Pll+t]1l*CC]
239 PLP=P124t 11%CC?
24 Pel1=P2l+t [e2CC1
241 pe2=Pce+t 12*(C2
; 242 T=T+DOELT
l 243 zAr  CEMzaSGM
| 244 CST=w (B 0l ) (NELT/TPL)/ (A3.%5GyT)
| e4s C1191)=CST#PI
g 24e (Y e2)=CET#b )2
247 ((2¢1)=CST*P ,
{ 24s C(2e2)=COT# 22 |
249 r#xNExT CONSIDEK MUTUAL AND SELF COUPLINGS UUF TO REFLECTION i

'S rExxaAn PDTFFRACTION MFCHANMISM
291 14 T=04s

295¢ QuN==]1a

253 111=(044.0)

254 £12=(Ueeel)

295 Eeg1=(Veeel)

256 1 22=3(Ueeal)

287 ¢ a0 TO 1%

298 HO 27y 1h=141P

299 rA%E ST CONTIUER COUPLINGS PUF TC ReplLECTIONS

26 FrR1Z(Uevell)

261 FR2=(Uavel)

267 " S IS=100CP

262 1) =xClLL)+(T/ZTPL)*CA

264 BQU2)=YC L))+ (T/ZTP L) %P

265 VOC3)I=2CILA)+(T/TPL)*CH

266 r PRITE(Fe=)11415

267 CALL LIMAGE(FSAeRLIAGISGNIMAVWMP yNPLCCRONQPONQC)
26t CALL J1VACE (FSPWRIBGIHNIMAZYNP ¢nPLECCRaNOPWNOC)
269 call REGIOMIFIAIKOWRKTICR o UNP o= =]l ¢ TELL ¢NPLC o=1eNOP ¢MMeNGPoNOC)
270 TF(MM, pals)e0 TO 51

271 TFleNOTSTELL)GO 10 51

27~ "y 33 138 =143

273 3% ORTL(L?3)=R"T(T133)

274 CALL HKEGIUM(RSAIHKTLeRRT ¢CReVNP ol o=l TFLLWNPLCe=1eNOPMM(NOP 4NOr)
PRA TF(TEL! )G To 51
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27¢ Call 6 FIRIHEIDVIRTIA(Z) sRTHIZY aRKIA(L) o FIA(2)ePIA(S)YRC(1)
2% 7 SROCZ2) o0 (A o ANl O (K) o CGBHSeSRDL oF TAWGEM ok K1lebylebE 71,

T8 SEY2é b T20b22)

&7 FRIZERLI+E XX CA+EYHCU+E 22%CG

286U 51 FALL KFEGION(RINGKUGRET9CRoyYNP e =1 y=1TELL,y JPLC ¢=1oNOP¢MM¢NOUPNOC)
28) TE(IM b els)G0 TO

28 LE CaOT oTEL L VGO T 5

284 g 34 134=3 .5

284 34 FRTLOLAG) =k RT(T34)

ACE) ALl Ky GlOn (RSHGRRL RRp (CR g yNP ye1 421 4 TFLL JMNPLC =1 oNOP (MM (NOP (NOC )
286 TRE(TELLIGO TO &

287 CALL 6 F(RIECI)akTr(2) o R (A) e RTACLIYWNIA(2)9RTA(B) ¢RO(1)
28 SRO(2)aRU(A) o AMalC (K) gCGNE s SANS G E TAAMIEXLeEYL1EZL,

2349 ‘LYE‘LY’C'(/()

290 FRO=ZERCHE N 1*Cn+E Y12 CR4F 21200

291 OF V'URNAT(()IU)

272 5 CONTINGE

293 FT2=ER?

294 e

29Y CC23 450G

2% TE(IMNGt Qg1 JOFRs INGEQ IPyCL=1

2917 CC1=CCxSIk (N =~T)

29 CCo=CC*SIn(T)

299 P1l1=R1II4ET1I%CE)

300 Ri2=R L 2+E T3 X0 C2

301 Delz=p2l 4 160 CCAY

302 RHe2z=Rel4t T2%CC2

303 T=T+DELT

304 270 QNS =SSR
305 2R T=0,

300 Ciliz==] e
307 FL1I=(Vegel)
30 F172=(Ueeal)
309 F2i=(0.ve0)
310 E22=2(Uagell)
311 ¢ cfY O 17
312 Ny 100 Ir=1,41P
314 Caxxlt XT FLND DIFFRACTED FLELN FARALLEL TO t XPANSTON MONMOPCLFE
3lu c**%pUp TO £iin POIMTS OF TEST mONOPULE
315 14 FDISCMPLX (04 0e0)
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319 PUCS)=C(L/ )+ (T/TPL ) %CG
320 ¢ RU 1D LS
321 Ny 6 lit=)40iCP
3ze ¢ WRTITE (g =) 1" o TS0 1k
322 u 6 Jh=1 U
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APPENDIX 11
SUBROUTINE CIFFLD

This subroutine is listed in Figure A.11 and is essentially
the same as subroutine IFFELD of reference 2, except for the CALL
C7FF statement, where C7FF calculates the far zone field of a mono-
pole above the satellite structures (see Appendix A.11).

Let (r,p,4) denote the spherical coordinates of the distant
observer, and let E (I), I (I) denote the electric field intensities
of dipole mode I with unit current. Then

EPP(T) = r X" (1)
ETT(I) = r pIKT E,(1)

Summing the fields due to all modes I yield

EPH

N
Z CJ(T)EPP(I)

N
ETH ? CI(I)ETT(I)

where CJ(I) denote the terminal current of mode I
CALL statement

CALL CIFFLD (INS,MD,N,ND,NRS,CDK,CJ,DC,EPH,ETH,G,CPP,GTT,PH,SDK,
TH,XC,YC,ZC,WAVM,AM,NPGP ,NCM, VNP ,NPLC,CR ,NOP ,NOC, IDSEG)

A11 symbols have been defined in previous subroutines.
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Figure All. Subroutine CIFFLD.
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APPENDIX 12
SUBROUTINE CZFF

CZFF is listed in Figure A.12.

Submatrix CZFF calculates the far zone field of a monopole
above a satellite body modeled by flat plates. CZFF includes con-
tributions from incident, reflected, singly diffracted and doubly
diffracted fields. A1l phase terms of these fields are referred
to the origin of the coordinate system before summation.

Between statement of 26 and 30 the direct incident field region

is defined and the incident field computed by calling subroutine

GFF (reference 3). The fields due to reflected rays are computed

in Toop Do 5. Do 6 defines diffraction region and computer singly
diffracted fields. Doubly diffracted fields are evaluated between
statements 80 and 40. Finally the total field arrives at the ob-
servation point due to each end of the monopole is the sum of the
above field components. Summation is performed between statement

40 and RETURN.

CALL statement:

CALL CZFF (XC(KA),YC(KA),ZC(KA),XC(KB),YC(KB),ZC(KB),DC(K),KA,KB,
WAVM,AM, CDK (K) , SDK (K) ,CTH,STH, CPH, SPH,ET1,ET2,EP1,EP2,NPGP,
NCM, VNP ,NPLC,CR ,NOP ,NOC , IDSEG(K) ,MD)

ET1,EP1 are o and ¢ components of the far field due to endpoint
1, ET2, EP?2 and those due to endpoint 2. Other symbols have been
different previously.
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Figure A12. Subroutine CZFF.
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