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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
anal ysis are simi l ar to those developed previously for the case
of wire antennas on a flat plate1. 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 pl ane 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 log ic and terminology with existing thin
wire antenna programs developed by Professor J. Richmond 2’3.

II. INPUT DATA AND SUBROUTINE CWIRE

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

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.
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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 (O.,-x,O.) on plate 1 of the structure. Sub-
routine CWIRE for this case is listed in Figure 2. T~ 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 simi l ar to sub-
routine HELIX of Appendix 2 can be called for this purpose. Do
loop 702 generates the segment numbers and the list of end—points
IA , lB for each real wire segment (Figure 2). The array element
IDPT ( I )  specifies the pl ate (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 0, 10, 11 and 12.
This input data for satellite geometry is l abeled file IN1 in user
name 3468N. Type - COPY IN 1,3468N TO .IN , user name will make this
file available for input to subroutine CWIRE. The data file IN1
is listed below.

2 
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The meaning of the above figures is self-exp lained in the fol-
lowing tables.

Table 1

Corner index x zI ( in wavelen gths)
CR ( I,1) CR(I ,2) CR(I ,3)

1 1.5 -2.0 0.0
2 1.5 1.5 0.0
3 -1.0 1.5 0.0
4 -1.0 -2.0 0.0
5 2.5 -3.0 -1.0
6 2.5 3.0 —1.0
7 -2.5 3.0 -1.0
8 -2.5 -3.0 —1.0
9 2.5 -3.0 -2.5

10 2.5 3.0 —2.5
11 —2.5 3.0 —2 .5
12 -2.5 —3 .0 —2 .5

Each plate is defined by 4 corners C~, C2, C3, C4.

Tab le 2

Plate Numb er Corner Index
J Ci C2 C3 C4

NPLC (J,1) NPLC( J,2) NPLC (J,3) NPLC (J ,4)1. 1 2 3 4
2 5 6 2 1
3 2 6 7 34 4 3 7 8
5 5 1 4 8
6 9 5 8 12
7 9 10 6 5
8 6 10 11 7
9 8 7 11 12

10 9 12 11 10

4
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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 (1 ,3) denotes the unit vector normal to pl ate
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 l oop Do 12. Note that the corner index NPLC (I ,J) , 3=
1,.~,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
3 will see the normal vector to his left, pointing outward.
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Figure 1. Model of 10-plate structure used in examp les.

Dimensions in wavelengths.
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III. 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 38(I),
terminals at point 12(1), and endpoints ~~~~ 

13(1). Subroutine
CSORT generates the following information:

NO (J) number of dipole modes sharing segment J
M0(J,K’I list of dipoles sharing segment 3
1’1CM 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 3.

The following quantities must be specifieó in the main program.

ICC dimension the compressed matric C(I,J)
ICJ 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.g.,

DIMENSION NPLC(i,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), Y C ( I ) , Z C ( I )  denotes
the coordinates x, y, z in meters.

The iniin program calls subroutine CMATX (Appendix 10) to gen-
erate the compressed open circui t  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.,O.) then Y 11, 

~11 
denotes the antenna input admittance

and impedance respectively (see example 1, secti on IV). If there
are more than one generator; input impedance at input port 3 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(3) 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
A ,~ in degrees of the distant observer. CIFFLD is called once for
each observed direction , TH, PH. CIFFLD is essentially the same
AS subroutine IFFLD of reference 3 except for the call CZFF. Pat-
terns in xy, yx, xy planes are obtained by setting pattern indi-
cators IXY , IYZ , IX Y 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.
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IV . EXAMPLES

A. A Quarter Wave Monopole on Plate 1

The monopole is located at (O.,-X ,O.) on plate 1 of the struc-
ture in Figure 1. It is fed with 1 volt delta gap generator at
the point of contact with the ground plane. The output file DA41
as generated by the program is listed in Fi gure 5. Input impedance
Z~1 is (40.12+j21.8) ohms. If the same monopole is located at the

center of a square plate 200A 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 pl anes are shown in Fi gures 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 2

Corsider the second example where the first monopole is lo-

cateci as in example 1~ The second monopole is at center of face
2 or at ( — 2 X ,0., — 0 . 5 X )  in x , y, z coo rd i n a t e  system as shown in

Fi gu re 1. The 2n d mono pole i s per pen di cular  to i ts groun d p lane
and fed with 1.0 volt delta gap generator at ground plane end. Out-
put file DA~1 resulted from this program is listed in Figure 8,

where input impedances for monopole 1 and 2 are Z 11 and Z22 respec-
tively.

More importantly, the knowle dge of t he cou p l ing or interference

effects between wire antennas mounted on the satellite is essential

in the desi gn stage to evaluate alternative arrangements. The present

program is well equipped for this purpose. For examp le , let us
cons ider the case of two quarter wave monopoles mounted on plates
1 and 2 of the satellite (Figure 9). Here we wish to study the

amoun t of interference or coupling between the two monopoles. Mono-

pole on plate 1 is excited with a 1 vol t delta-gap generator , and

the proqram (D0AN1~ , 346RN) computes the comp lex vol t a ge V12 wh i ch
appears across the ~0 termination of receiving monopole on plate
2 . A plot of V 12 versus d is tance d9 i s shown i n F i gure 10, where
ci? denotes the separa ti on of the rece i vin g mono pole from the edge.

The dB plot shows a change in the slope of 1V 12 1 close to d2
1.08X , where the receiving rnonopole starts seeing the direct incident

field from the monopole on plate 1.
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APPENDIX 1
SUBROUTINE CROSSP

CALL statement

CALL CROSSP (Vi , V2, VN3, V3)

This subroutine computes the vector of products of Vi and V2

_ 
-~ —~

V3 = Vi x V2

—s VI‘/N3 = — - -  unit vector of cross product.
I ’131

The listing of CROSSP is shown in Figure A.i.
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APPENDIX 2

SUBROUTINE HELIX

Th i s 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 ,TU RN ,NANT ,AXIS ,ASTAR ,NRS ,NRP )

INPUT.
CrRCM : 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 )

OUTPUT
XC ,YC ,ZC: Coordinates of end points of all segments of the

helical antennas
IA ,IB: List of index of end points

NRS: Number of real segments
NRP: Number of real points.
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APPENDIX 3

SUBROUTIN E COMED

This subroutine is listed in Figure A.3. It is used to find
the plate (number) that shares corners C1, C2 wi th plate 1.

CALL statement

CALL COMED ( I ,C1,C2,CR ,NP LC ,NCEO,NALL ,NOP ,NOC)

Input:
I: plate (number) under consideration
C1 ,C2: positio n vectors of corners Cl , C.. Dimensi on C 1(3), C2(I)
CR: List of position vectors of corners. Dimension CR(NOC ,3),

where the first parameter I’IOC is the corner index.
NPLC: List of cor ner indices. Each corner index carries two

parameter NPLC (NOP,3) 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>O: check out all plates (NALL plates )

NALL’zO: check only the plate s with index number smaller than I
NOP: total number of plates.

Output:
NCED>O plate having index NCED shares corners C1,C2 with plate I

• NCED<O : no plate shares corners C1,C2 w ith plate I.

I
1
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APPENDIX 4
SUBROUTINE IMAGE

This subroutine is listed in Fi gure A4. Subroutine IMAGE f i n d s
the position vector RI(3) of the image of a source vector RS(3)
projected on the plate (number) I.

CALL sta tement

CALL IMAGE (RS ,R I ,I,NIMA ,VNP ,NPLC ,CR ,NOp ,NOC )

Input:
1: plate under consideration

RS: position vector of source point

“NP : l ist of unit vectors normal to plate I.
NPLC: l ist of corner indices.

CR: l ist of position vectors of corners
NOP: total number of plates.
NOC : total number of corners.

Out put:
RI: position vector of image point
NIMA : image indicator

NIMA>0 image exists and distinct from source
NIMA<O source is on the plate , RS=RI.
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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 blocking the ray path. A p late 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 ,NN I ,NN2,TELL ,N P LC ,NFAR ,NA LL ,MM ,
NOP ,NOC)

Input: Position vectors of source point and observation point

respectively.

CR: List of position vectors of corners

VNP: L ist of unit vectors normal to the plates

NN 1 ,NN 2: Block i n g check of p l ates NN 1, NN2 not required. If want

to check b lock i ng by all p lates , set NNI, NN2 to ne gative
i nte gers.

NPLC: L i st of corner i nd ices
NFAR : Far f i el d i n di cator. For observat ion point i n the far

field NFAR>O

NALL : Num ber of p lates t hat may b lock the ray pat h ( u s u a l l y
NALL=NOP )

NOP : Total number of p lates on structure
NOC : Total number of corners on structure

Output:
RRT (3): Position vector of point of intersection

MM : The p la te  (num ber) th a t f i rst b locks the ray.
TELL: Bloc ki ng i n di cator

TELL= .TRUE.:  A p late i s b lock i ng
TELL= .FALSE . No plate is blocking the ray.

Subroutine called is CROSSP .
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APPENDIX 6

SUBROUTINE DIFPT

This subrout ine is listed in Fi gure A.6. Given a source point
RS and a near-zone observation point RO , su hrout i ne DI FPT f i nds
the pos ition of the diffraction point on the edge (wedae) following
the procedure described in reference 1 •

CALL statement:

1F~LL !)IFPT (RS ,RO ,C1 ,C2,VNN ,SP ,S,ANI ,RD ,VI ,IDX ,VPHNS ,VPHN D ,VB N S ,
“BND ,PHS~PHD ,BN ,E )

Input:

RS(3 ),RO(3): Position vectors of source poin t  and near-field

observation point respectively .

C l ( 3 ) , C 2 ( 3 ) :  P o s i t i o n  vectors of corners Ci , C2 defining the edge
VNN (3): Unit vector normal to the plate , ~i.

Output:

RD(3): Position vector of diffraction point Q
SP: Distance between source and diffraction point in meters .
5 : D i s t a n ce  between observation point and diffraction

point in meters .

AN !: Angle of incidence w.r.t. the edge in ra di ans
Un it vector along incident ray from source to dif-

fract i on po i nt
lOX: Edcie diffraction indicator IDX<O no diffraction by

the edge, v ice versa
‘JPHNS (~~,”PHND(3) ~~~~~~ unit vectors (see accompanying Figure , Fi gure ii)
VBNS (3),VBND (3):  ~~~~~~ un i t  vectors
PHS ,PHD: ~~~~~~ anqles in degrees.

Un it vector alon g edge: from corner Cl to C2 , E.
BN=VNNxE , un it vector perpendicular to the edge, B.

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 •i far-zone unit vector RO , subroutine DIFPTF finds the posi-
tion vector of the diffraction point RD , if any, on the edqe defined
b y corner Cl and C.. Relevant expressions are described in Ref-
erence 1.

CALL Statemen t:

CALL DI FP TF (RS ,C1,C2 ,VNN ,RO ,SP ,ANI ,RO, IDX ,VPHNS ,VPHNS ,VBNS , VRN O ,
PHS ,PHD ,BN ,E)

In put:
R S ( 3 ) , R O ( 3 ) :  Pos i t i on  vectors of source point and far-zone

unit vector
Cl.(3) , C2 ( 3 ) :  Position vectors of 2 corners defining the edge
VN N(3 ):  Unit vector normal to the plate

Output:

Rfl(3’): P o s i t i o n  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
IDX: Edge diffraction indicator; IDX<O , no diffraction

by the edge, vice versa.
VP}-JNS(3),VPH N D(3) ;  3’ ,
VBNS(3) , VBND (3);  ~~~~~~

PHS ,PHD:
BN(3): BN=VNNxE; also a unit vector perpendicular to

the edge.

Un i t vector d i rectin g alon g 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>O ) or

near-field zone (NFAR<0), subroutine WEDIFF generates relevant pa-
rameters for the computation of the diffracted field in the presence

of the edge defined by corners Cl an d C2.

CALL statement:

CALL W E D I FF (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(~ ),RO(3~: Position vectors of source point and observation

point
IPL: Plate under consideration

NFAR : Far field indicator

AM: W ire radius in meter

WA VM: Wavelen gt h i n meter
NCM: Size of the compressed matrix

VNP : List of unit vectors normal to the plates

CR: L ist of position vectors of corners

NPLC: L ist of corner index

NOP: Number of plates

NOC : Number of corners
C1,C2: Corners Cl and C2 defining the edge

Output:

VBNS(3),VPH N S( 3):  Un it vectors A ’,tb ’ (Figure ii)

VB ND(3 ),VPHND (’
~
): Un it vectors B’ ,4 (F igure 11)

I D I F:  D i f f rac t ion in di cator

I

I
-

~ 

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

j



CONS1 : Diffraction coefficient
VB1 ,VB2 : VB(L ,f

~~
,n), vB (L ,

~~
,fl ) ;  ~~=4±4 ’

SUCh that

= _ ( V B1_ V B 2) * E , *CONS1

= _ (VBi+VB2)*E~*CONS 1

Phase of E~ an d E d i s referred to or i gin of coordinate system when
NFAR -”O , to source point when NFAR<O. Subroutines called DIFPT,
RFG ION,OIFPTF ,COMED ,CROS SP .
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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 , der ive t he s i ze of the com presse d 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 w ire antennas on di fferent  plates of the satellite structure.

In put data for the satellite structure are entered through the last

seven parameters i n the CALL statement , namel y VNP ,N PLC ,CR ,NOP ,NOC ,
IDSEG ,IDPT. Out put parameters are NCM ,IDSEG ,MD ,N ,DC ,I1 ,12 ,13 ,I A(K) ,

IB(K),X C ( I ) ,Y C ( I ) ,ZC(I).

CALL statement:

CALL CSORT ( IA , 18,1CC , ICJ , INS , I WRITE , 12,12 , 13,JA ,JB ,MAX ,M I N ,MD ,N ,
N CM ,ND ,NP ,NS ,NRP ,NRS ,NPGP ,NSGP ,DC ,XC ,YC ,ZC ,VN P ,NPLC ,RC ,NOP ,NOC ,IDSEG ,
IDPT’I 

—

The above parameters are defi ned as fol lows :

Variables

I n pu t :

IA (J),IB (J): En d points index of segment J extending from

A t o B
ICC: Dimension relating to matrix C(I,J)
ICJ: 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



X C ,VC ,7C: Coordinates of real points in meters

NRP: Number of real points

NRS: Number of real segments

NPGP : number of points touching the ground p lane
plates)

NSGP : Number of segments with erl d points on the

plates
NP: Number of points for the complete antenna

system
NS: Number of segments for the comp le te an tenna

system

VNP ,NPLC ,CR ,NOP ,NOP : Parameters relating to satellite structure

as defined previously

O u t p u t :

NCM: Size of the compressed matrix

List of di poles sharing segment 3

Mfl (J,K~: L ist of dipole modes sharing segment 3

Number of di pole modes of the comp lete system
Terminal point I7~ end points I~ , I~ of dipole

modes
XC ,YC ,ZC: Coord inates of imaginary and real points

IA ,IA : End points of real and imaginary segments

3A ,JB: Segment number for each dipole mode

DC: Segment length in meters

IDSEG (K); Plate that accomodates segment K

IDPT(I): Plate that relates to endpoint I

Sub routine called IMAGE .

/10
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Output:
NCM: Size of the compressed matrix

I ND(J): List of dipoles sharing segment J
MD(J ,K): List of dipo le mode sharing segment 3
<N> Number of dipole modes of the complete system
11,12,13: Ter minal point 12, end points I~ , 13 of d i pole

I - modes
XC ,YC ,ZC: Coord i nates of imaginary and real po i nts
TA ,IA: End points of real and imag inary segments

I JA ,JB: Segment number for each dip ole mode
DC: Segment length in meters
IDSEG (K); Plate that accomodates segment K

I IDPT(I’f : Plate that relates to endpoint I

Subroutine called IMAGE.

I
I

I 
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APPENDIX 10

SUBROUTINE CMATX

Subroutine CMATX is listed ii~ Fi gure A.10. It computes C matr ix

for a general wire configuration simi l ar to subroutine IDANT and

ZGS 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 (1,J) terms. In the form listed ,

CMATX does not include effects of wire conductivity. However , if
wire surface impedance is to he included , CMATX can be extende d

by ad di ng t he sect i on from statemen ts 200 an d 260 of subroutine
IDANT 3 before statement 262 of CMATX.

CALL sta tement:

CALL CMATX ( I CC ,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)

In put and output parameters are defined below.

Inpu t :
ICC Dimension related to the open-circuit impedance matrix C

INT: Integer denotes the number of integration intervals using

Sim pson ’ s rule. For general purpose set 1NT 4

JPP: Num ber of modes that have images
MD : Lis t of d i pole modes sharing segment J
N : Total number of di pole mo des
NCM: D imens ion of the compressed C matr i x
ND: List of di poles sharinq segment J

NLD: Num ber of lum p loads
NP: Num ber of po i nts
NPGP : Num ber of po i nts on the groun d p l ane
NRS: Number of real segments
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NS: Number of segments

AK: (2it/X 0)a where a is wire radius

CMM : Wire conductivity in megamhos/m

D: List of dimensionless segment lengths kd

FMC : Frequency in MHz

NEAR : Fa r f ield i nd icator
WAVM : Wavelen oth in meters

AM: W i re ra di us i n meters
XC ,YC ,7C: Coordinates of the end points

CR: List of position vectors of corners in meters

L ist of unit vector normal to the plates

NOP : Num ber of p la tes
NOC : Num ber of corners
NSGP : Num ber of segments on the ground plane

NPLC : L i st of corner i n di ces
XC ,YC ,ZC: Dimensionless coordinates of end points

IDSE G : L i st of plates (numbers) that act as a ground p lane for
segmen t J.

Out pu~:
CDK : List of cos(yd) for all segments

SDK : List of sin (yd) for all segments

C: Resu l t an t  C matr i x

Su brout i ne ca l l e d : ZGS ,7GMM , REGION ,IMAGE ,COMED ,WEDIFF
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SUBROUTINE CMATX

DO 200

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

“ ~~~~AND L ON THE
SAME PLATE ?

YES J 1N0

U _ _ _ _

0TH K 8 L REALK L ? B 
SEGMENTS ? )

I YES
120 ~~NO 

250 ~YES NO

[~ALL ZGMM
I 
/
‘K a L SHARE .’~ CHECK DIRECT RAY

___________  

ONE_POIN~~~/~

L

i 

80 

COMPUTE COUPLING
YES NO DUE TO DIRECT RAY

22j 
_ _ _ _ _

TCALL 1 1 CALL CHECK REFLECTION
ZGMM ZGS COMPUTE COUPLING

D0 270275 

REAL 

DUE TO REFLECTION

CALL GNF

SEGMENTS ? 270 CONTINUEK— K 8 L

NO IYES 
280

CHECK DIFFRACTION
RAY

COMPUTE COUPLING
DUE TO DIFFRACTION

DO IOO

17 COMPUTE CST- - 

~~JI68 COMPUTE C(I , J ) J

_
I 200 CONTINUE I”I
____________________ 

I’

,!

RETURN
END

~~~~~ ~~~~~~~~~~~~~ - -~~~~~~~~~~~~-“~~~~~~~~~~-‘ ~~~~~~ -— - ---- - - - -- ---~~~‘--- - .--— -~~~~~~~~~~~~~~~~~~~~~~ -.
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APPENDIX 11

SUBROUTINE CIFFLD

This subroutine is listed in Figure A .11 and is essentiall y

the same as subrout ine IFFELD of reference 2, except for the CALL
C7FF statement, where CZFF calculates the far zone field of a mono-

pole above the satellite structures (see Appendix A .l1).

Let (r ,~ ,j~) denote the spherical coordinates of the distant
ob server , and let E (I), I (I) denote the electric field intensities

of dipole mode I with unit current. Then

EPP( i ) = r ejkr E (I)
ETT(I) = r ri~~ E:(I)

Summ ing the fields due to all modes I yield

N
EPH = CJ (I)EPP(I)

N
ETH = CJ ( I) ETT (I)

where CJ (fl denote the terminal current of mode I

CALL statement

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

A ll symbols have been defined in previous subroutines.
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APPENDIX 1
SUBROUTINE CZFF

CZFF is l isted in Fi gure A.12.

Submatrix CZFF calculates the far zone f ield of a monopo le
above a satel l i te body modeled by flat plates. CZFF includes con-
tributions from incident , reflecte d, sing ly diffracted and doubly

diffracted fields. All phase terms of these fields are referred

to the origin of the coordinate system before summation.

Between statement of 26 and 30 the direct i n c i d e n t  field regi ’n

is defined and the incident field computed by calling subroutine

(FF (reference ~). The fields due to reflected rays are computed
in loop Do 5. Do 6 defines diffraction reqion and computer sing ly

di ffracte d fiel ds. Doubly diffracted fields are evaluated between
statements RD and 40. Finally the total field arrives at the ob-

servat ion 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 ,IOSEG(K) ,MD)

ETI ,EP1 are e and ~ components of the far f ield due to endpoint
1 , ET2, EP2 and those due to endpo i nt 2• Other symbols have been
different previousl y .

67

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



- ‘— ———~~~~‘- - -..- -~~~~ -~~ - - . -—.- -~~—

I ‘~p T 1U -~ ’ .c’Od Io

‘-,U’ t - (lJ T T i~ t C7~~r (XL~~,~~C~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “ ,t-. I- ,w , i~ ,, ~~~~
‘L~~~~~ s~~ ’ i ’~ t- •“i I1~~ST’1~~C 3, ”.P r i , F l ) . , t - T ~~ , f F ’  , ‘ P/, ~~, r .  - r  ‘ ‘‘- ‘ i ’ ,

‘-‘i’j PLC,( ‘~~~ ‘ - i i I . F ’ t O L ’ J ~~~,~
_ , V , - ’ L  )

(** T ! , 1 ~~, i. l 4 ’ . I U 1 3  F C1ILI~~~~L, ’T I c i p i l ~~~~ 1u~~F F ( F i ’~ 1 ‘ U- I ) I t ,

~~- C S * I ~‘( Uk nr r~ ( I ) 001 I T I C  I)i ’y I’ (“I ‘LI t F - ‘~~~ FL 1 ‘,~ ~ i t -

7 r’- * ~~ ‘--cd ,—‘ ‘~U 1 l’ ’ 1 , S ( (1.tF0:~~f IIY’.T i-” t (-F,,,FC,CO’ I-- L I , , t l I J C - 0 ,C... j-,I -Ij ’-’”,F
C* ~ I~ p’’T:~ Ti s I -  T - ’ ,F~~1 , r t ’ ?
C * ~~~~) .L . u c A H , /’- T ’ ~/ ‘  •

I UI — Il : i t, I~ LI
II ~~~~~~~~~~~ C 1 j , F~~~~ , F r ’ I , ~~ $’ ;;~~~;, , r 1 , , , C~ .1~~c , ’- i . , - S , t  I~~~,F i t i , L ’ ) ’— , ’ L , ,

1,-- 1 t )~ ’r 4 - t .” ~~j ‘t ,~ TC’1 ,‘ t~i I • F ‘~~ ~ • ‘~ t I) • F 01- 1 ,F T i  ~ .4 1 P2, F t-

r L ’L L C  1 -~~J ‘ , f - r 1 1/~~ IF , f r , r1. t y ?,~~r - -  P i ,’- . i - j )

1’- ‘ u ‘I—’ L L <  V t’1 • ‘~‘07,C1 . ‘SI ,F Y I •Fy 1 •t./1 ,L-~~--’ ’ L y ? .,F T/ :~

11~ I
’ j I ) I - I  I (~~,5, 4 1

3 , .  , - 1 . ’~t ,I -I ~,I (~O, ‘,I(~’~~ 
I- < r- ,d( .-c ), I1I- I~~~l , . ,,r~~(3), -J I’l ‘- . 1 ( ~~~~~J , I / P I -  S ) ( - S - )

17  I 
~ F -L-,4 ’ ’ - ’ ~ ‘ - P ( f l t’ ,’ - ) ,l I - ’I C 4 - i I ’ t~’ ,’t ) , (~~~( I IL , -- ) , ’ ‘ ( ~~‘ ) , ~~

/ -
~~( ‘ S )

1’ ‘ - 1~~~~~ ; - , ! ’ i I ,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1’) [1 ’ , L~T ( - J( ~L’,),L’( ‘),I~~~

(_
~),iS U (- - ) , ’-1 , 1 s) . i- T~- I ~~)

i ’ t. 1~~; I n ~ \, i I ~~’’-~ ( .~~) , i / F~~ I I I (j ) , i ’ ’  ~~(:), ‘‘i~~~-
- (c), I ,p,o- , , -- I~~- )

j , I c~~~f ) i V~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I — )

- j , ri\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
2 ‘~ I t — ’) TI ’ / 1 , l’ ‘I I’

I J ,~~ (jf(’. ~~~~~~ I

~~ .,, ‘ =0 i’~ ).. ( • ,‘
~ ~L.

1 ~ ‘ ‘S=L C- ~ I ( I t-’ 4< I) •
27 ‘-‘u 1 S~~~ ’ ~~ ~ ( I  •

- _ i ( j ) ’ ~F - ~~
( ‘ F-I

2’ ’

31 ~~~~~~) (I  ~i

- .~~~
‘ I ~ ) / (  ‘3

-5 : -

~~c_. I~~~)~~ .’L~
~4, 7  f

3 ’  r $ k  ~ 1-,j - 1j I ~‘ ~-‘ 1 , ~ f I- ; 1 P i J - ’~ A ’ S  4 J 4 - T f-~~ ’ —II’ I- li P ‘fI -L F ~CT~~f l - 4 ~~~~t

411 i~ *~~ 1- , :~~
‘) , i’ -it _ ~

‘1 I Sr I- ”;F - - T  T~-. f . r~~ l~~~~~ L ~‘L~~T~ 1
14- (“-1. 11 . - I - F • ! l fJ , • . ,1- .’ i’I~~F’ ) 1 , I. ir, ~

-
~~

—-

J p _ ( 1 4 ’  •Ll ..’ I - ~~)C.I’ I) - i - ’
4 _.I ‘ Sf’ (1) ‘—Y ( )4 C - s f  _ ( I1-* ln ,il- ( T ’ ’ ’~L0I-- •

• I - --‘ I = YL ‘1 + • _ LI E,* ‘ I~~ I I ! ‘ - ~~ (-I . ,-‘ )
4 ._ ‘ - . , 4- ~ ) /1  j  + 1 • ~ 

— l I t - *  “~ “
II-’ I T  P’~~ i.,t- • )

4’- 1)— ‘(~= ‘1. ’-’

‘u T .‘~~

~1~ ’ 2 ’-’ - 
~~~‘ ( ]  )~~~~ ( ‘ + .i , 1 l J h $ \ ,’ : I f - -- (  J I ~~~ -_ ; ~ , ‘3 I

I’ ,, (~ -‘) Yi ,--~~) •~~~.I)I - $V ~~ -’ (TI J ’~~~( k .~~~)

-
~~~~ ‘~~~ ( “,) ‘(_ ,-+J •)  _ (J f-,4-~ ,. ‘j P( J iI f ~ “~,5 )

51 - t -  ~c=~- .‘~_
); (*‘ ‘ ‘‘ - ‘ A L  T ’ ’~~C 1 I 3 ~’L i- - t’I :’ IflT’ ’ ,,,,r- CT i J ’ . i ’ i F  I1~~F , ’ T  T r - C 1 F I - J I 4 — j F  I i
53 ~- - ,~ 

1 1 I ‘ . • . U I

Figure A12 . Subroutine CZFF .

68-

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



_________- -  ~~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~~~~~~~~ 
--

I
I j ’ 2z ((I • , • (I)
r N T l~~( f l . , . I , i

SC,’ ‘ HI’1 ( I) • • .1)
5’) I 

~~ I ( • , , , I
6I , I ~~~~ I I’ • .1,’~

6,- - U’’ 1 I U • ‘ • U
-
‘ ~ 1 Tc I ’ • • • U I

6’4 ‘ L ’~-’2~~ ( 4-’ . , . U )
4 ~~~~~~~~ ‘‘

‘ 1 -  ,~~‘i(~~ ) ( _ t f -
1,7 ‘ - p - ‘ -4 1 ~ i l  -~~ 

) = ,i •
6)’ C ALL (.‘lt ’)SSI- I \ ,pii”,J , kI , t~ TI IT- ) • VT 1- 1
6- - -

(1 1 ’ i  - r l IIJ.,. I 1
7 — ~ I 

~~~
‘t-~~ 

I I )  • , • I,’ I
~A ’.L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I2),~~~~i ( - 5 ) ,~~(~~~,C - (_L rc ,

7’,
7; C A L L ~~~~ O J i . -I ! (PSA ,~ ,RMT,CP,i.’I~P•.i, 1,Tl L1, ’ I ~~L r , 1  ,I’ ,0 I—~,I ”i ~~,I JL 4 -’ ,I’0C )

76 If - I TILL I ht~ T O 2~
11

7’- ’ 2 -  CnLL :~~( , 1 . J - ( k S 0 , I- TC ” , T ,~~1~,’I j F P ,_ ~~,_j . ,T i . L L, ‘PLr ,~~.’ (-o ,I’-~
’r ,I

~ op - ,r’CIc)

iF ( t~ LL . ) ~- 1 , I  4 ~I ~~1,)

F IP2:t- . P2*I’4 F~~C
LI5 r s s  I,LC PiE~ ~F F :L t - C T I f l N  I~~~f IuI- /‘ i’I) ITN u I t - f - L~ 

1• Tcn FI ’-Lo
~5’~ ~ ‘ 0 5 j ’— -~~ L , I - T ’ 1 - ’

C A L L  I, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Ba CA I .L I- )A 1.~ IF~S F-4 ,P i t ~,Ib,,’’I A , \ ’ ’ - ? P ,:,Pl .C ,C I ,r O P , f 0 C )

r,~I,.L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘. ~ r~i,~~,CTt-1 ,c IH,Ci-’He~~I-’H.(.A” ,rT~ ‘Lii ,L12’Ll-’ t •LI- - 2 )

b9 CA L L s t  ‘~ iC- ’ ,  , f ’ , J A , N~ T , kr cT , C p ,V r r ~,_ i  ,~~1,Tt .LI ,,PLc , j  ,i’-l1t - ’ ,r~~1,0( F’,’4 ’iL)

9)) 4~—~ I - “ i  • ~t I  • I , ) 1,0 TO 3~’
91 ip-  I •O(_ ’T .  I L L  LI  r , j  T i ’  .j(

9-’ ‘u ~~i I~~a ,3
9~ 31 iI- ~Tj( 1)~~K N T (1 )

CA L L  H F C . L (”  ( hS f , F 0 <T 1 ,I~~~T ,L r ~ ,~~I P , _ 3 ,_ i ,l T L L ,  P L C . I , I I~ F) , . I - , r ’ OP ,NUC )
9h If- I TILl I ‘‘(I II .’ ~~ .‘

9’, r ,,( L -‘~~;;J (’) (Pf - T1 ,t4 ’~,r 4 - s T ,crc ,V~~P ,_ 1 ,_ i , I f L L , r- PL • 4 ~~~~UP~~f4 I I  (Jr’ ,J~ J C)
97 TI- (T EL L  ) t - ~ ’ 1(1 ~2

F -~ T1~~~~l l * f ~F / -  C’

9’-~i ~ t-c F’1=L Pl* ‘C F IC.
14- Il’ 3? c ,-.LL rc~~,;JOI .IPII’ ,I— ( OiI-C l - ’ 1T ,f P, ’ J P - P . — i ,— I , T t L L , . J P L r  ,1 , I- [’ t - -’ ,” / ,, CJI_ F  ,I-’LIC )
10i TF (.’-I ’I. ’t ’ .i’- l i,(l TO

J f - I . i i I T . T t L L ) ( . O  Ti. ’
1.1.5 r,U ~~ ~~~~~~~
101+ 3i Fc1 1 I £ )~~)-u-) ( 7 )
105 CALL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,1(’ P, NU( )
106 7 4 - I T E L L ) 1-’U T o ~
107 CL, I L ),Fh4 - 0I ~~~~~~~~~~~~~~~~~~~~~~~~~~ , 1 1  L~~I C - L t~~I •

f;0 , r J .,(p , r :UC )

l O u  i t - IT ~~j 101) 1C
109 F I ~ T 2 L I 2 * t t I  ;

~L
ilu ~~1- 2~~~~~~ c-’ i ;~~p I 

~

Figure A12 (Cont ’d).
69 

—~~ -~~~~-~~~~



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1.11 :., (0  T I 1 1 - f
1, (*5 ‘LI I’ 4-- L I F r 1 ’ , ( TjCO ’  ~~~~~~~ - ,.,i ’ r i - ,1 I .I F I ’-’ i\ T ’l ’ C I C L L

115 “ u ,-, 1’ 1,, I’

11’-. ~~~~~~~
11~ ~, ~

, ~j~— j  ,t,

11~
11 1 r p- 4- I - ~ • F ~ • ‘-. )

k ~ z - .I L. ( 4 - i. ’- , JI’ )

1 1~ ‘ ~~~J ’L C ( J , , , l’. l)
1?t i )  1 dI~~i,,:
1’-’]
122 7 ,,,(J/) Ci ( r ’ J - , , I ’71

123  c ~‘/ “~~‘~~T . ( I - n  ~~T I F  ‘ Tt’F SI,’ 1 l’ uI T~~rC~ *
C,,) L L’~1 ’ t I ( 1 — ~,r1,C • ( k ,I1r Lf

125 If- 4 - ( .I ‘‘ .1 - 1  • ( ) . ,Cl IL’ C
, j - I L - ‘ ‘fl i t- - F ( ) , ~ ‘~~ ,(~~~,L . -- , I - 1 ’ , I L - , ’r -, , 1, A , ’- , l, / ’ IJ~ , ,j ( l _ , \‘t ’ I—’ ,C” ,~~Oi_ (_ .

12 7  ~ iJ ’ . F , :,u C , I. ’ , -  c ,\/ I- ’F~i’ ,(0’~-’1 ,V~ 1 .vL ~ ,,I I i~ ,‘‘‘ - H , \ ’C - s— -
~ [- I

12- i~~ ~~i! ii . F  • l’)( i~ 1). - ,
1’) I... u I II’ 5”  11 1 • t—~’

- ‘- I ) • ‘~~ :;, I ~, I • ~~~~~ Ii I - ~~ ( ~ I ,~- - c q  ( 3 )  • - -‘ r - Ii ) • ,  C 4 - - ,,

13i’ .~~~ r I ( , ) ,’Cl’  ,~ 
c ,- ,c ( [ ’ s , ,s ( - !’$ ,~ ii , C i ’~ ., F x I . ’ y j , 1 7i ,~~\,2 ,Ly e •~~L -

_ )

~ j —c =~~~ 1s I .- - -  
~— ( 1  ) +E  Y 1 * ~~~ r -- S ( 4 ’ I + r / 1 s V l  ;\~:~ I-” )

I 5 .. I j  I- =F ., * ‘‘I I S I~ I * F ‘l ] \ / 1 - 0 ’  IS )  2 1 + ‘ 71 * V I  -~ S I 
~

- I
133

I 1)1 — (  V H ,L+ \,) ’ ,- )* 4- J ” ’ L ’. ‘ ~1*~~F I C W : . ( . 4  ,~~~~~F

13~ 1u ’?’i L r T i + F i ¶~* (V I’ T’ ( ( I ) *V T ,1 l  ( 1) + ~ ,- l  I 1 1 ( 2 1 * I  4 , 4 1 - ( 2 ) + V F ’  I,~ (~~- ) *
13t - ~ V ’I , ( ~~- ) ) + E ’ - l I S ( V F - ’ - ( ] ) * V i I I - - r i j + \ f -I-- ,~~I (

~ -‘ ) * v T ) ’  I~~~)4 \’ F’ l-~’~~~( ,~~)*
‘37 5 V T H I l (~~~) )

I t U  1~~F I~’~’ +C-~ ~~*(V F’ ’ ’ ’ ( 1 ) * \ I ) ’ ) l ” ( 1 P + , I I  U I - ’ ) * - ’P iiH( ;- ) + ~~I ’ . U ( : - ) e
15’’ V I ) h 1

~~~ ( ’ I ) ) +t - , F ; - . I V 1 - ’~ ’ , , ( ] ) s \ I _ ~, r f 1 ) + , ,I~~~~~, I� )s - , I’ i. (~~ ).4 l t-- ’- 1 r 1 1 -—.).~
11+ ‘~~ - - t  - ( - -- 1 )
j ’-+j  ~ r A I L ,-. t ) ’ i F I - ( I c’-’ ,1- l .C~ • 4’1’ , I-- I , 1 T . , 1 , /\ I’ l ,~~~I . V I  , ; , C r , l~ ’ I , ( I ” I , ’ PLC. ,
1’-~ -’ ~~~C ’P, j~ ’r,~~’~ - ~: , C ’ I ’ F ’ - ’ ’  , f ’ ( ’ ’ ’ 5 - 1, V I - 1 ,-,Ic, ;,,Lr ,If ,‘ ‘. UI, ’ - [  I l - I )
1’4~~ ! I — ( I l , I C -- .Lt . ()f- C’ 15 ’-~
1 ‘4 —+ r t ILL 1- ( 1  ss ( 1  1 ‘I- ‘-: ( 

~~~ 
( ) • s c’ -- ’ -  ( 1  1 • s.~ ’ ) I • - C: ,.,’ 4- ~~ 

) -
~ 

( 1

I lf- 7 F i ’- =1 A :’ * ~ ‘-, (~~ 1 +f V * -~ I- “Si .? I +t t ~~~* I . I ,~ C 4- -
~

j ’~~L.X - ’ * v ’ - ~ -F S ( 1  ) + F  Y ’~, * \ ’ F H ’  ,( p 4 +  - - - t 4 - j 1 -4 - ’ S ( - ~ )
1 1 + ’ ’  L 1) ~~~~~~~ ( L ’ - l j _ t J ! 4 ,. ) *f r  I S*C l ’~ t C ,I,.;,I~f IC* ,,(.j / Z f
1~)i I LF ’.(V ’l+ V t , 1*1- I t * r I , < : ’ 4 * 4 - . I~ p r ’ * .,1 ,~~~~j F

15 1 r
~~~~~~~~~L l T . - 4 - - c ( V F ’ I ’ I - ( f l + V - r I I , ( 1 )+ , ( , , ( ‘ ) * ‘ .‘ T , l ’ ( - ) + \ L ’ L 4- ,~~)~

15? ~~T ,.~ - I 4 ) )+I ’ 1 * (V I- ’t ,‘ ( ‘) ) S \ l I ’ ( ’ ) + t ’ p ’ )~~~
T f.~~~’ l * \ , ]~~~ - - ( , ’ ) - 4 - lf r , , . I , t . ~~

) 4

i5~ ‘~Tt ;t ~) Il5’-~ t~) i-~c- = L~ 1I’ .~ 4- F_ flS* ( \’ I : - l” -1 ( 1) *V PHI ’  (‘1 ) -s-~ , , t’ - L ’ ( -  ) * ‘ ‘P~- 4I\ ’ 4 ) 4 ’ ’ ) - t ’ L ( .~.)’
v V T ) Fl IJ l~~ ) ) + F 1 1 s ( V F ’ I - 1 f ; I ( ’ t ) * , , ~~ F r ( ] ) . i \ , l — ’HI 4- 1 -  ~~~~~~ I’

1 )
157 ~ r u’ 1 Ii ~’ - ’-
15~ c . s
l-

~~
, C s -  r - .~:~ I~ I! 1F ‘ i L . ’ L ’  ~T 4--’ I - k 1 ( 1 f  I I

ltn: f * ~~ 

A b A  ~~- “ -- 

~ 
411 1 - 4 o = j ’  ‘~~~ ‘:;i.c ,  1 - ; t ( , Ic

I
~~~~ 44 ’

I- b ”  I~~~J’* , e l

I b4 4- J I: -~ • . ~- I ~ 1 —~~~

I~~~~=, , L r I l L, I , , , u 2 p

Fi gure A12 (Cont’d).

70

_ _ _



‘~Jf -~L r I~~4 (.l1~~)
4-il r

~~~ 
144 j 4 . 4 — ) . 4 -

C j ( J I -.’-lI i. ~ (I. 2 ,J’4 ’4 I

1h’I 4 4  (~~~) JU’ )~~L ) - ( ” - , I”’4 )
17’i r A l t_ C T f- - f l . ( It I ( I , C 1 ,( (~,C f- ,r~~.L( , I - ( ~~~f . ,_ 1 , l 0 , ,, -~Or
i i i  !I- 4- ‘i  F ‘ ‘ .‘ - T  • - , 

) , ‘~ 
I~ ‘-~~~~

1~~ -u 47 ~~~ ) •
i1’~ 

4 7  t - ’’ ( 1 4 ’ -  ) — v ’ ‘‘I 14(1 ,11 .6)

IF’- . (i’.!L L’ ) : - t - I ( I ’ 4 I , U 1 ,r 2 , f h , ’-’pLr ,i’ Lt - l  ,IlcO f- ,ll, (Il) ,5J(’ c l

j7 _- r *  ‘. . 1 if ’  I ’  ~~ ~~ ‘ ‘ h F  “ F  I ’ 1 1t 1P ~ e_ I I I -  I- .~~I (1 Ii’ 
- \~

‘ T i t -~ I I
1’~ 4-~ (~‘‘CL ’ I I’ ir ,14 7 , 4 ) -
1 1 7  ~~ ‘ U  ~~ J:~~~= 1, L
i7 1 L J’-)4 ’ 3
L ~~~~ I P- C U’- ~ • F C • 4 )4 ’ ‘4

‘ ,~~‘ 1 l  t—I.C ( I  C ~ 1’ ,j~~gr I
1~~I ). ~‘ ‘ - -F’ L C (~~

-
~~F r,,V 1

1 - u ~ 4
(3 (.J~~~~~) L t ( l ’ 2 f l ,J5~~~}

1”~
1b- 5 1.4 \‘ i’j I J~’’4 ) t,i - 4  ( I - - C r LI,U’- 1 + )

i~ 3’- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ IC. ‘—‘2

lk~7 If- ((K ~~’’.1. 4.r5 ).uI’J i ’.(l.3I .f( •4’2)~~ ,c- 1 1’  ‘
~~~

lR,~ I 1 ~ .~I’ i 4 - ( l L . ( ’ 4  )—C5( 1 ) ) * * ;  ~~f c 4 ( 2 ’ C~~~( . ’ 1  )~~~*‘ + ( C ” - I 3 ) 1 .D ( 
~

- )  )-. *~~

‘‘0 5~19t1 u’-’ . b~ -~~( 1 ) ( r 4 ( T 1 L I ~ I I ~~~ ) ) /r
191 r~~5 I.E TL ”MII ’IF Uli F . C T T O M  (“F hf ‘t 7 j N C  )‘~ 1~~~

9~’
‘ii st-~

j94 rU ’ H ’ ~~C l ~. :t ; +~~~r Ir ’~~~ 1~~C,~)s1.’fl ( 15( 1
195 5’-— r 4 -~~ 1 4-ni ’’
19t, ( A L L I, Il~ ,SF ’(E I’1\i ~~~, V F’~~ Vi”~ - ,V 3 )
197 II- (C OS P - .OF • 1’ ~~~~~~~~~~ i~

( TO ~~~~~

19’s s j~~’--4’= ’;~~t-c T I  .~~rflS~~;’**2
5(1 ~~~~~~~~~

20’’ 5) ( I~ . - iI rC’S I’ ,’*f C)l\J . c (  I~~) )+S~~i ‘- 2 ~~- ”~~~- I  ~~ I
201 r *~~ ~ j”~~T L’J 4- FI -~~L i1fl ” i
204’ C * II’SI F — i l ’  ) t- I F ST P4 -’ P SF C11F,n f~Tr~~r1,~C.T1N- L I ) T l - r T ’~
2iJ.~ (A l  L I , T ~’ t- T F I I J S ’h , Lj , C 2 , ’I’ I’ IfI , I,, ’lII,~., 4 . ,A 1’ l ] , h l , j D Y ,
2 04  O~~~I’~~) , , c,, ’./4 - — hi - - •\ j f l tJ S~~ 1 1:Nli ,f’ ’~,,F ’FIII,p~~ ,4-. rlT I
2 0 ’ - T i_ f I I IX .4--H-..— ) )C-() TI: ~~~

(ALL ‘‘TF - PT f- I O r ’ .r. .~~s 14~~ 1J 1 ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
207  ‘~.4Pi—e -3 ,V P ) . I \ l, tJI’~~I~~,,\ ,’ ;

-’ , [ I ,f J I ) L~~~f’
(_I (~~,t 4 - \  .11’).)

T f- ( ILI X . F  ‘. . —)  ) (41..’ 11  ‘ :1
20’, (..~~L L  ~E t ) 1Ff- ( tS l I , L 3  ,C 2 . F~O2 ,~~ L,I 4 ç , , — 1 , I ’ ’ ,,:AV ~~,i ~~~~~~~~~~~~~~~~~~211 s I40P,I’OC,\, I f .S,~IPH’,$c ,LU.’IS 1 , ‘v f ’ l  , ,I1’3~ 

,‘. I’~ ,, 1I , ,,piII i - I
E l i  TI - ( J l - 4 4 - •4-~ ,i ) C -~~ IC ’  ru

j ? 1 ’  C A L L  I ,’ l
~ 

( ‘,‘— “. I i)  .l- S , (- ) , ~~~~ 4- ~ ‘I • 4-’(5I- (1 1 • 1 .  ~~~-- 12) , ‘- ‘ S . -  ( :‘ 1 ‘‘ - I  I i  I
21! ‘ I< ”(~~ 1 S - i ’ (~~ I,i~~~~i’(~~ ,(’~ ) S , , rc ,L TI.,u ,4-~~ l , E Y i , F / l, t ~~~~,c Y k ,[7~~)
214
E1
~ 

I- p z L < i * V i - ’I 4- 5~(1 ) +4 - .Y 1*V I  t ” i~ , ( 2  1+ tll*V i f - l - , S (  1 )

21~’ F j’ -. ( VI ’ I _ V l ’ -’ ) *f. J~~*C ( , , - j S 1  *j ~f- f r

~‘17 ~~~ ( I/:l ’i+)jI’~ ’ )*F I)~*Ct— 1” 1’-j ~t.l~- P’
El ’ (‘.0 C-. .~1 1 ’ J, C--~- ( I - I - , t -~

,C4 , , ( (  ,
~~i ~~~~~~~~~~~~~~~~~~~~~~ C l ~~~,l, ’ I  •i .:’ ,, t’

~~~~L~~

2 1 ’  ~~~~~~ 
(‘( , \ , t - I - S � ’ ,Vf - ’ ’-’ r ‘3~~~~~ f l ’ - :~

j  ,“‘—~ ,,VE~~ ,T ’ Ir- , - i - ~ I c ’; ’ ,~~t - t - ’’ I .: r I
Ii— ~II, lI’ .L t. I )o ( ”  ii ~1i

Figure A12 (Cont’d).

I

— - , —- - ,—- . ~~~~~~~ - -—



~~~~
-
~~

..— -- - -

221 C **  re— f I’~l~I 4(’ COO’- UT~ ’ A T 4 -  ‘ ‘4:  ;‘F’p LI r- i-
2?  ‘

., -u ~~~ .

224
2 2:’
22t-  I u 7i I=j,.3
227 PA 1~~A ,-, 1+V4 - -,’’- ’ ’~- I t ) ”’ ‘‘~~(i
22~: 1’ A -1 ’=A ~- \ ’ ÷~ 4-~~ ’ i  ‘ 2 ( 1 )  * Y ’ 1~ S I I )
22’~ “A ~~:A ’ C -~ -+~f T - , - ) ‘ �  (T I *V 4p -i ”.S (1)
2 - 51- 7 ’  , 44 f j 1 U + l  I F - ’ ? ~~I) ‘~~ F’ I,k- S ( 

~
E-~ I C~~ r~’ I H’ I 1- 1 4 - L I  ( Is ’ 4 - i  t~
~ 3. 1. .1 ‘~ I 4-.i’S~ ~ I’ I +F I ’I”t / - j- ,~ ) s-I’) , c

2 3 — ”
23~

~, ! “ I) C’ - ’ I I •s ,- ) )

F L , ’- — ( V 4 - .,-.~ j ”4’ ) * F  I s* ’ i,,
23? I 

~~~~
- = —  ( V bj  +~ ‘ ‘2 )  s-F j ’-’ * CuT 5]

4- c ’’T i F 0 I T 1 ’ F r ’
~s- (V~ - ‘J L-2I1 )*~.,T’’I’ C 1 I 4 V ’ ’ T i ~~~~~~~~~ 

( ,- ) - s - ’ ’~ ‘Ii, L’)~~
- IJT H!-, I -

~ ) I +~~, I p~* ( VF’’4- ~~~ (‘  ) *vI I-~ ( .L 14 ~j l-4’1 ‘ ,‘ 4- ~ ) *1) ‘r t -’  4 - ? )  + \;~ :.j - .I ~ 4- 3 ) *
214 ) ~~~~~~~~ 4))

21+ 4- u - p1 =e r1 1.F J + f - f . S * 1 V~~, 1i ( : 2( l I*V r ’ F l’I(fl4%Jl 4- i. - ( , - ) * \’ F- ~’f’(~ -) + \- ,-- j’.,[2I~~I*
V 1’ P I , l ( ’ ) ) 4 t H* ( ” f - I i’ ’ ’’~~ O 1* V ( l - I ’ ’ (A ) +V I - - ’ I - ’ ’ .- l  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2 14~ ‘ 1iP~ ( 1 ) )

‘ SIL L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .A ’  1~~ — •1i. ’
~ ’

-‘V Pt - F 5, IJf-- ,-l  , \ jI) ) IS , ’,, Kf . I ,F- i.1551)1.11 ,1,)  .1!~~- I
14- (1uX. --~.— 1)i - 0 11 .’ 5?
( A L L L I t 1 - t~ 1f ( l - ~ 4- ,C 5 ,14 , \I , , , 4-f l j ,\ ’ T , S .f l J 4’ , I  4 - : ( , [ C - I~~~,

- ~~4- t-- -~~ f ,j1 , S , V 4  4 - -i l ‘ , \ l VU” S, \, :~ I ) ,  ,PFl~~ , F  IFI ’ ,~ - ,~~ r i -

11— I i I ’ X . F  ,—~~ I 1~1~ IC - - ~~~~

(A LL  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ f P ’~~~~~I - f  l”~,(1-,’ ,~~ 4 1 ( ” ,

‘ ,iC F , H I ) C , \ J f -  ~.,\P 4-’f-~~$ •COt - S1 •V I’1 ,Vh~,-- ,jr- T F ~~~~~~~~~~~~~ I- ’ - ’ ’ )

II - (1I ’ 1 F .Lt.~~) (~
11 IF’ vs.—

2~
)
~’ I’ ~ 4- L O F -  I F ~~1: F’ “ - “ 14’ ) • I’ ”~ 7i C ~ 1 ‘ i-oS4-’ ( -A. ) ‘ ‘ ‘  5i’ - 4- ~ I • I_ _ s i . I ~3 I • - 1  ( ) ,

2 )4  • F ~~’ ( ) ) ’ ’’I (~~~~) , / i~~~~I t C I ,( ( 1 ’ S ,~~~ ( r C ’ ,t i (. ,I,f,l •[~~ ) , 4 - Y J , f 1j , L’~~,i’ ’4- 2 , # - 2’ -- )
I j ’~ :L X . ’’~~! - (  ‘.(~~ 

1+ 1 Y , *~ i , r 
~~~~~~~ ) + r / ~~*~ ;i 

~~
- ( - ‘ )

25’- ~ - - ‘ r~ ~ : i-~~~~- t  - £ ( 1  1+1 ‘y 
~c~~V i  ~D S 4- -~ ) ~~~~~~~ *~~ ‘~ 4 -  ~ I ~s )

2 57  I L ’
25 ~ I VH1- + l i I ’~- ) *4- IF’S CuI $c~ ~- 4- F P
25L1 (SIl L F fl J.FF (Prl,C3.r’4.I~(1 ,pL ,(.,fIirr ,,], ,1Cr” ,W,~V,.),(~~

P
~
1 ,I,1r 1 - ’~~l- ,’’I-LL,

‘- , j~~)~~~,i ( )ç , 1 j4  ‘ C’ 2 , V f ~I~~ S~~,( - f l~ ,SJ , \ ‘f r 3 4, Ii i j ~~ , I~ li : ,~J O r- -~- -~, v f  4 ~ I
26 1 T I- i II ’1~ .LI  •~ ) ( . fl 1)- 5,,
262 C*-+ (

~~~~
,,‘ 

~~,(_ 
1(1 LC’ (-f .L JJNA TI I)I- ;— l ’r- 4 - I  C 4-~

263 P-A )=U .
261+
2 1.e:
26. 1 L”i 4 = O ,

dE~ / 1 , 1  )~4 ~~~~~~~
P~..J~~ AA 1+\ j ’ ’ ’ 2 (T I * C ~~- I J S C J )

/~I,.-~~ A A ,’-s l . , . - -- ’ - ? (  I ) 4 i_ ’~~~~ - t -,~~ ~

21’i
ii) L- ” ‘C AU= iC,, 4+ i i - .,  - I I ? (  I) *c ,)’ i,,~~.( TI

r ** 4 ‘ 1’ ’f _ ’-s ’i ~~~ j  c - t - l  t ’ ~’ ’ I-_
, 4, (~~ ~

-
‘ -,~~~ ~ r. .1 •~ 04- - l* f  ~) )

~~74 I

27~

72

_ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-



-- -,-- - --- ., ----‘w. r~ ’~~~~~~’~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -‘-~~~~~- ..-.,—-
~~~~

—-‘
~

- ,- -- - - ..- - -

276 ~S1N( A ”JII** .’))
2 7 7  F L a~~~~~I V 1 ” ~i 4 -~~~) * L 1 S * C U 4 - \ S 1

I- uI4~~~ I~1I~ A ‘p ’g4 -~~ ) * L L H*C (J f l S j
2 7 - ~280 ‘~,THI’- ’ (-~ )) + t - ’ t * (V f ’ t 4 f l ’ I 1  )*VTI-’~’L,~i4- l,- fi ’ I - I-’( 2 ) * \.I!lr ’ (~- )~~U L ’ f - C -1 r ( 3 ) *
281 ~ VT HI’., ( .))
28 i.,I’ f ’ ’ E f I 1 I : ’ + f r ’ ~~* v I  “ C- ~- ( l 1 * V F I ’ ’ ’ - ( 1 ) + v C I  I:;, ( ? ) * ‘ . - I ’ I  - ‘ ( ~~

- ) + , J F  ‘ , ‘ -g- :(,)I*
“ V 4-—’4 I’ ~~I~~

, ))+~~’ t , * f U F ~’’’- ’U,- - ( ’ 4 ) ’ * V f ’t - ’- ( 4- ) - . -v f - ’ i ’ 1~ ,-- ‘ - ) * I ’ ; F :  4- ,, ~ +~ /i ’~~, ‘L ,
284 9\d ’’F-Ii 4- “ I )
2M5 ~)-  (U’’ l T ’~ ’’~
~- LI e- - 4.-’ r ~~ [ f , I ’ ~

2 L-7 4. - I, u’ I II . ~
20,- ~‘**- J i ~~~~~~ ‘-LI I I-  I’LL I .IFLI. 15 J14 4- CC’f’~

,(’
~ ’ 1—A C1 UF L~~I-’(— Jh.’ )/ S  ~~ ‘‘‘111 0

‘~ r s - h~~~ v~ f-~ C~~44- I ‘ “-‘ l’t.- ~~~~~~~ CJr ’- .”6~”~ F ’ h / \ S E  r~1 rI RI- - Ct - F- o;- ~P C —~,,,I-rS)
2 ’9( ’  C s - s- ’- ‘ - 

~- LY • T’sf 4 - h  J (- i r OF U1’PI , T~ ’p T r  S1’SIL I’
29A.
29-’ F ’- ’ = LIT 2+FF ’T 2 +FU T -- I -L , .-(,1 2

.94 F t--~~= I - 1~ ’;”I 4 - l - 2 s -rr)P€ ’-e~Fp . L)r2
295
29h 14--

Figure A12 (Cont’d) .
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