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ABSTRACT

ented for a thin-wire antenna over

a perfect ground plane. The analysis 1s performed in the frequency
domain, and the exterior medium is free space. The antenna may have
finite conductivity and jumped loads. The output data includes the

current distribution, impedance. radiation efficiency and gain. The

program uses sinusoidal bases and Galerkin's m “hod.

A computer program is pres
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I. INTRODUCTION

Reference 1 presents a computer program and reference 2
presents the theory for ‘thin-wire antennas and scatterers in a homo-
genecus conducting medium. The present program differs from
reference 1 only in the following details:

The exterior medium is. free space.

The antenna is situated over a perfect ground plane.
The wires have no dielectric sleeves.

The frequency is real.

Scattering problems are not considered.

T an oo

To avoid unnecessary duplication, it is assumed the reader is
familiar with the program in referunce 1.

The program handles antennas constructed of straight wirc
segments. One or more segments may connect to the ground plane, or
the antenna may be situated some distance away from the around
plane. No segment has both endpoints on the ground plane. This
program can readily be modified to handle more general situations
as in reference 1. The program uses the delta-gap model for the
generators.

The method of images is employed to reduce the problem to a
thin-wire structure in free space. The user sets up the geometry
of the real wire confiquration, and the proaram automatically sets
up the imaage. If unlimited storage were aveilable, one might set up
a large mutual-impedance matrix for the wire antenna and its image
in free space. Instead, this program takes advantage of the ground-
plane symmetry and sets up the compressed matrix C(I,J). Only the
currents on the real segments are treated as independent unknown
quantities, and the image currents are dependent. All the currents,
however, are influenced by the mutual couplings among all the seg-
ments including the images. In taking advantage of the mirror
symmetry, we lose the advantage of having a symmetric matrix.
However, the net gain in computaticnal speed and storage is
substantial.

In practice, many wire antennas operate over a ground plane
with finite conductivity and finite extent. In many cases, however,
one may substitute a perfectly conducting ground plane of infinite
extent without unduly disturbing the aentenna current distribution or
impedance. After these guantities have been calculated, one may
then take into account the finite ground plane in calculating the
efficiency and pattems. - The present program, however, assumes an
idealized ground plane throughott.

The remaining sections present the computer program with
enough explanation to enabie an experienced engineer to use it.



IT. THE INPUT DATA AND SUBROUTINE IWIRE

Fig. 1 is a Fortran listing of subroutine IWIRE. This
subroutine is used to set up the input data. The following data
must be read or programmed in IWIRE:

AL wire radius a/x

CMM wire conductivity in meqgamhos/m

OPH increment in far-field angle ; in degrees

e frequency in MHz

TH elevation angle ¢ in degrees for far-field pattern

To define the shape and size of the wire antenna, the input
data includes the coordinates XC(I), YC{I), and ZC(1) of the wire
endpoii-ts, terminals and other current sampling stations along the
wire axis. The unit of length is selected by the user, and SCALE
is the conversion factor such that XC(I)*SCALE gives the coordinate
of point T in meters. NPGP denotes the number of points on the
ground plane, and NRP is the number of real points including those
on the ground plane. Coordinates are supplied only for the real
points. The ground plane coincides with the xy plane.

NRS denotes the number of real segments, and NSGP is the
number of real segments having an endpoint on the qround plane.
For each real segment J, the input data specifies the endpoints
IA(J) and IB(J). 1In assigning index numbers to the segments, the
lowest numbers must refer to those having an endpoint on the ground
plane. In assigning index numbers to the points, the lowest numbers

must refer to those on the ground plane.

Set IWRCJ = 1 to obtain a writeout of the antenna currents;
otherwise IWRCJ = -1. Set IWRITE = 1 to obtain a writeout of the
antenna geometry; otherwise IWRITE = -1, 1If INT = 0, the rigorous
closed-form expressions will be used for the mutual impedance of
sinusoidal dipoles and the calculations will tend to be slow but
acrurate. If INT is a positive integer, Simpson's rule will be
used for the mutual-impedaence calculations. The closed-form ex-
pressions are-always used automatically for the most critical
impedances. We usually use INT = 0 for multi-tum loop antennas
with closely-spaced turms, and INT = 4§ for general purpuse.
Simpson's rule uses INT integration intervals. Thus the accuracy
and the execution time tend to increase with larger values of INT.

Set NLD = 0 if there are no lumped loads; otherwise NLD = 1.
ZLD(J) denotes the irpedance (in ohms) inserted in segment J at
endpoint IA(J). A lumped load at endpoint I1B(J) is denoted by
ZLD{J + NRS). The user sets up only the real generators and lumped
loads, and the program takes care of the images.



SUBKOUTINE TWwikU (1A IH, INF, ENS, INT, Z'o-‘“»CJq-l'dl(lH-.’\l Oy Py NS NKP,

ZNRS  NPOP NSGE , AL, CMM, OV, FVC, SLALE, THy VG KL, YC, 20, 4L12)
DI NSION JA(L ), IBEL)eACtL ) YCLL)Z2C(0)
COR2LEX VOIY), 2011 )

(A FORFATI&X, VPNt 6,50, SNP= 4,55, VNS, J&4,5X, *NS=2,14)

5 FORMATLIHG)

DO 16 Jg=1,10S
VGID) (. 04.0)
10 LUt JI=t,044.0)
C SET Up THE HEAL OENERATOKS AND REAL LUMPED LUADS
JGHns
VGEIOND=(14004)
NLD=O
]}‘] =y
tWwalit=1
TWKHC =]
AL+, 0001
CMM=1,
DPH=20,
FMC=75,
SCat k=1,
TH=HS,
NSGvre?2
HBRGL-2
KRS =4
NRP =S
NS=28KRS
NP =23NKP=KVLP ‘
WRITF(S6,6) 1Ptk ING, NS
FE(NS.GILINS JUK, KV, GIINPIGO TO 600
DO 20 T=1,NkP
XCtli=,0
YC(1)=.,0
20 N2 (1) =40
C NEXT SET UP THE #bAL POINTS
xXClll=1,
XCU3)nl,
2C(3)=.5
ICta)=.5
ACLS )=, TOT
1C(%)=1.207
C NEXT SET uUP THE REAL SEGMENTS
1a(l)=1
168{1)=3
1A02)=2
It 2)=4
1ab3)=3
IH(3)=4
TA(4)=3
IR(4)=5
600 KETURN
END

Fig. 1. Subroutine IWIRE.
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The generator location is defined by JGN. The numbering
system for the generaiors is the same as for lumped loads. If the
generator is to be inserted in segment J at endpoint IA(J), the
generator index JGN is the same as the segment index J. To insert
a generator at endpoint IB(J), set JGN = J + NRS. VG(JGN) denotes
the complex voltage of the generator. The reference direction for
these voltages is from [A(J) toward 18(J). If the antenna is fed
with several generators, delete JGN and merely input the generator
voltages VG.

NP and NS denote the number of points and seqments, re-
spectively, for the complete system (antenna and image) in free space.

III. THE MAIN COMPUTER PROGRAM

The main computer program is listed in Fig. 2. This program
calls subroutine IWIRE for the input data. Then it calls subroutine
ISORT to generate and store the data for the image points and image
segments and the length DC{J) of each segment. Then ISORT generates
a list of sinusoidal dipole modes for the complete system (antenna
and image) in free space. Dipole mode I has seqments JA(I) and
JB(1), terminals at point I12(!), and endpoints 11(I) and I3(1).
This subroutine also 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 matrix

N number of dipole modes on the complete system

The following quantities must be specified in the main program:

ICC dimension for the compressed matrix C(I,J)
ICJ dirension related to number of dipole modes N
NP  dimension related to number of points NP

INS  dimension related to number of segments NS

In Fig. 2, all quantities having the same dimensions are dimensioned
in the same or adjacent statements. The numerical values assig.ed
to ICC, ICJ, INP and INS must agree with the dimensions actually
reserved for the corresponding quantities in the COMPLEX and
IMENSION statements. ICC, ICJ, INP and INS must be at least as
large as NCM, N, NP and NS, respectively. In Fiq. 2, the main
program is dinensioned for up to 150 modes, 90 points, 100 segments,
and a compressed matrix as large as 30 by 30. If the wire antenna
makes no contact with the ground plane, the compressed matrix will
bo exactly half as large as the full metrix, Utherwise HNCM is some-
what larger than N/2.




0 i o

S wWN

INCLUDE ANTIsCKOIUTEXPISIDART i IFFILDIISORTY s INIME i 43 2G8M 2GS
INCLUDE PLSS 7 SURE

THIN~w ikt 2%TeNNA IVER Pess BCT GRUUNRED PLANE
SINUSOIDAL=HAL“AKIN PREQUeALY =L MAIN
PRUGRAA URIGINATIO BY J. e RICHMUNI, i) STATE UNIVERSTTY

CUOEPLEX PR b LN YY1 21 0l

COYPLER €305 500

COSMPLEX CHL50) b2 IS0V ETL1903,EFPEYS01,E1TL150) ,v0815%0)
COR*OLEX Nl 3503 20V 1%0)

DIMESSTON 200 YOS o 2050 o K901, YIY0) 2 160)

DIMERSTON Ll 109140 C10DI

DI NS 120100l IR 100 w109, &) MU 106)CNLLC0) . SEKLT00)
DIAENSNIY TR 32019200 1311900 08(01050) Ju0150)

Da. N PlelP2s, 16 V09 8, 28510/

FURMAT(HK 0 0BP =t o 15, 5K "MAK® 4 J530X, PMIN= o 15090, th=0 .15, 9K,

2YNCe=8 |5

FOSMAL [ MO, VAL FH, b hY  ICMM2 8 bR G Xy M st bR, 2)
FORMATIRR g S bk Vo 1,20 SK o PV 18 00 YO0 3N, 2 F13%,20K,2)
FORNATIRAY o Vingt g v o STt g Xy CDP 0 TRy "LUBT Yy (23 0GP0 g TXVGTT )
Fiit aAT (YD)

FORMATI I X 2F 1D, 064F10,2)

1CC~=30

ICy»150

INPeGO

1MS =100

C THE GROMEIRY OF Tk EniN-wlkE STRUCTOURE 1S SPECIFTS IN Sud, IWIRE

CaLt P bR LA TR NP NS INT T aml g In T o iL U NPy NS g N
INRS JNPGP NSO AL JOMt g bl g SCALY o I g VO o XC o YE o ZL 2 ZL 1Y)
TRINSGP L Tt )it TH S0

FFINSGE LIRS ik, HP.GT AV GO TU %00

cary PO VLR, P TN $50 ENS IS T E. I 5 Tl B el A o ik
PMAX M INGY I g M NCM N R (NS v v NS NV G G NSGH o iC o AL o YC 0 ZC

C NCM e SIZ2E Zir ComMerENS-D MATKREX C(l,oJi

a0

JPE s Man
WHITE G, ) JIPV, 4AX  AFN, Ny RC M

WKL (6

AK=1PcAL

WAVM e 400, /M0
NRIIECA, 21AL (M4 b 0

WRETEEren)

TPl sSCALeEv IR /nAva

IFINGLE.0 i, N GTLICIIGO TO 500
FFANCI,GY, 1CC LU Th %00

JFEMAK LELD U, MINJLE.ONLU TiV 500
DO 90 J=1%S
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Fig. 2. The MAIN computer prograi.
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X(1),Y(I) and Z(I)} ienote kx. ky and kz for point I, 'where
k = 2:/2. If calculations are desiied for a given anterna at severa®
frequencies, the frequency DU LOOP will begin just below the call to
ISORT.

The main program calls subroutine IDANT to generate the com-
pressed open-circuit impedance matria C(1,J). Then s treutine ANTI
is called to obtain the current ¢istribution CJ(I) and tne radiation
efficiency EFF. ANT! also calculatss the complex power ‘nput to the
2necona, denoted by Yii, and the t me-average input power G. If the
antenna has only one generator and VG(JCi) = (1.,0.), ther Y11 and
Z11 denote the antenna adrnattance and impedance, respectively.

Finally, the antenna pattem is nbtained by calling sudroutine
TFFLD, TH and PH denote the spnerical coordinates ¢ and ! (in

degrees) of the distant observer. GPP and GTT denote tue s-polarized

and »-polarized power gains, respectively, ana DBP and 33T are ihe
decibel versions, The user may want to increment @ as well as & ,.
but this will require only a triviel change in the main program,
IFFLD is called once for each look anqgle («-,:). When ¢ = 90°, GPP
will vanish if the program has set up a valid system of images.

IV, AN EXAMPLE
Fig. 3 shows a simple antenna and its image, with a dotted

line to indicate the ground plane. In Fig. 1, subroutine iWIRE <21s
up the following input data for this antenna:

Va(4) = 1 unit voltage generator at endpoint [A of segrent 4
NLD = O no lumped locds

M = 1. the wire conductivity is 1 regaiiio/m

NSGP = 2 2 real seqrents connect to the ground flane

NPGP = 2 2 points on the arsund plane

NRS = 4 4 real segments

NRP = 5 5 real points

This planar antenna haes 8 points (NP = 8) and 8 segrents (NS = 8},
and the numbering system is shown in Fig. 2. Note that the lowest
numbers are assigned to the two points on the ground plane and-the
two segments teyminating on the ground plane. Tre points and seg-
renrts must bo laheled with consecutive positive integers 1, 2, 3,
For a given segrent J, it makes no difference which end is labeled
[A(d). Inm Fig. 3, each nureral located near a dot is the incex I
of that point. Each numeral locatea near the center of a line is
the index J of that segment.

F
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Fig. 3. Points and segments on a simple wire antenna
lying in the xz plane.

Fig. 4 shows the same antenna and the eight dipole modes
defined by subroutine ISORT. The arrows indicate the reference
directions for the mode currents and voltages. The mode index
number I is placed near the terminal point I2(I). Mode I is a
sinusoidal basis function which vanishes at the endpoints I11(1)
and I3(I) and has unit current at the terminal point. These are
overlapping subsectional bases, and mode I extends over two inter-
secting segments JA(I) and JB(I). The reference direction for mode
currents and voltages is from I1 to I2 toward I3. In Fig. 4,
modes 1 and 2 have terminals at the ground plane, with segment JA
above and segment JB below the ground plane. This type of mode has
no image. Modes 3, 4 and 5 have images. The size of the compressed
matrix is NCM = 5. If we did not take advantage of the ground-plane

symmetry, the matrix size would be N = 8.

Table I presents some of the output data for this example
and Table II lists the elements of the compressed matrix C(I,d) on
return from subroutine IDANT. From Table I, the calculated imped-
ance is Z11 = 959 + j 664 ohms. For the same antenna with perfect
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Fig. 4. Mode map for the antenna showr in Fig. 3.

conductivity, Z11 = 879 + j 749 ohms. The calculated results

should not be considered accurate without checking the behavior as
the wires are subdivided intc more segments. The longest segment
should not exceed A/4. The thin-wire and delta-gap formulations

are justified most readily if the wire radius does not exceed 0.007x.
Fortuitously, satisfactory results are often obtained for closed
wire lcops even when the wire radius is as large as 0.02x. For
dipoles, an upper Timit of 0.007x is recommended.

With 20-ohm resistive loads inserted in cach end of each
segment of the antenna in this example, the calculated impedance
is 710 + j 206 ohms and the efficiency is 45.5 per cent with CMM = 1.
With and without lumped loads, the results obtained with the present
computer program show satisfactory agreement with those obtained
with the program in reference 1. (A new version of subroutine SGANT
was used for these tests because the original version in reference 1
does not always handle lumped loads properly.)

e ——————— A —— W S S —— A~




| TABLE I

\ J INP= 90 NP= 8 INS= l1G@ NG= 8
| J_1ACJ) 1BCJ) K _IACK) 18(X) DC (1)
| 1 1 3 S 1 6 52400
| 2 2 4 6 2 7 .52200
( 3 3 a 7 6 7 1.02200
; 4 3 5 8 6 & .99985
|
|
| 1 XGCl) YE OL0 26615 J %G YC(J) 2C(d)
i 1 1.00808  0.00008  0.00022
! 2 0.20800 DRI Q.23282
‘ 3 1.00830 ©.00000 .50200 6 1.00000 2.00008  -.52000
4 @9.C0000 ©.60008 .5¢300 7  $.00808 0.00003 -.52002
| S 1.70720 2.80880 1.20728 8 1.70702 0.00000 -1.20722
e 6 190 e la K ® gann . gpla il 127 13
1 1 3 3 \ (3
l - R SR 2 7
‘\ 3 1 3 1 3 4 6 5 7 1 6 7
\ a 3 4 4 3 5 7 7 8 7 6 8
5 2 3 2 A 3 8 6 7 2 7 6
I JPP= 3 MAX= 3 MIN= 1 N= 8 NCM= 5
|
AL= .0@2100 CdM= 1.0000 FMC=  75.00
I J= a VGCJ)= 1.0 0.00
| )
1 MASHITUDE  PHASE REAL IMAGINARY
; il EAL \G 1!
1 1.000 99.9 —.e2vs5anal 031180
‘ 2 .872 91.1 -.0822507 0027537
3 .739 -77.8 .8324892 -.0222579
4 <271 =347 0027948 -.CP02EED
l 5 .638 -85, 1 .0001362 -.2020153
\ EFF= 92.44 Yll=  .022705 -.020488 Zll= 959.87 664.87
pil TH pap poT GPP G
0. 65, ¢.0a 65 ¢.02 e
[ 20. 8S. -47.44 1.24 .00 1+33
40 . 85 . ~39.49 2.63 A0 1.83
_ 60. 85. -33.35 LelT .00 2.61
60. 85. -29.46 £ .21 .00 3.42
100. 8s5. -27.93 5677 .00 3.7
|
|
|
j 10
|
|
|
|
|
\
|
| ; i LRETTY o S ————SS Y



TABLE 11

Compressed Impedance Matrix

| PEia el1,4) C{dyT)
‘ | K 6.1 -7 120.5 16.1 -3 720.5
| T 7.6 -3 6.7 1.6 23 6.7
‘ -15.9 -3 1059.9 - 1.9 =3+ 589.9
g WA -18.8 ~3 . 16,8 iy HAsY 8.4
e, -5 « 5.2+ 83.0 - 2.6 45 415
; e 16,1 <3 7205 16.1 -j 720.5
} 23 -5.2+ 83.0 -2.6+j 41.5
! 2y Dy B < 6. 4e) . 38.6
/ g5 -15.9 -j 1059.9 = 7.9 =7. €298
| R 21.2 -j 326.0 21.2 - 326.0
R =0 a4 R SR -
F5 -9.,2 -j 39.0 - 9.2 -3 39.0
g4 51.3 +j 60.8 51.3 +j 60.8
| &8 22.1 +j 420.9 22.1 +j 420.9
| 5 5 21.2 ~j 1326.0 21.2 -j 326.0

, - V. SUMMARY AND CONCLUSIONS

A computer program is presented for a thin-wire antenna over
a perfectly conducting ground plane of infinite extent. The analysis
is performed in the frequency domain, and the exterior medium is free
space. The antenna may have finite conductivity and Tumped loads.
The output data includes the current distribution, impedance, radia-
tion efficiency and gain. The program uses sinusoidal bases and
Galerkin's method and takes advantage of the ground-plane symmetry
to reduce the storage requirements and computation costs. The
subroutines are included in alphabetical order in the Appendices with

a brief explanation.
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APPENDIX 1. Subroutine ANTI

Subroutine ANTI is listed in Fig. 5. Between statements 14
and 30, this subroutine sets up the excitation voltages CJ(I) and
VI(I) with the aid of the delta-gap model and the input data for the
generator voltages VG{J). ANTI calls CROUT to obtain a solution for
the simultaneous linear equations. On retum from CROUT, the dipole
mode currents are stored in CJ(I). The image currents are stored
in CJ(K) in the DO LOOP ending with statement 80. The DO LOOP
ending with statement 90 calculates the complex power input Y11 and
the time-average power input G. The power dissipated (DISS). in the
lumped Toads and the imperfectly conducting wire is obtained by
calling PDISS. Finally, the radiation efficiency EFF is calculated.

If TWRCJ is positive, ANTI writes a 1ist of the dipole mode
currents CJ(I). This list includes the normalized current magnitude,
the phase in degrees, and the real and imaginary parts of the
current.

APPENDIX 2. Subroutine CROUT

CROUT, listed in Fig. 6, solves a system of simul tareous linear
equations with complex coefficients. This subroutine uses the method
of P. D. Crout. Although this subroutine does nct use pivoting, it
is efficient and accurate in the present application. The input
data are defined as follows:

C(1,3d) complex coefficients in the simultaneous equations
S(I) excitation colum

IGC dimensions of C and S

ISYM zero or one for symmetric or nonsymmetric matrix
IWR one or zero to write or suppress the solution

112 one or two if C is original or auxiliary matrix

N size of the square matrix C

Of course, N must not exceed ICC. If IWR is a positive integer, the
solution will be printed out with the following definitions:

1 index number of the solution S(I)
SNOR normalized magnitude of S(I)

SA absolute magnitude of S(1)

PH phase of S{I) in degrees

On the first call to CROUT, C(I,J) contains the original
matrix. 112 = 1 and CROUT generates the auxiliary square matrix,
overlaying it in the same location C and destroying the original
matrix. Then CROUT proceeds to generate the solution, storing it in
S(I) and destroying the original excitation co:um.

-
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Next we might want another solution of the same system of
simultaneous linear equations but with a new excitation colum. This
could be obtained by recalculating the original matrix C(I,J) and the
new excitation colum and calling CROUT again with 112 = 1. However,
there is no need to recalculate C{I,J). Instead generate the new
excitation colum, set 112 = 2 (or any integer other than 1) and call
CROUT again. CROUT uses less computer time when 112 differs from 1.

APPENDIX 3. Subroutine EXPJ

Subroutine EXPJ, listed in Fig. 7, evaluates the exponential
integral defined as follows:

=\
W12 = J eV - g (V1) - E;(V2) + § 2nm
A

where the integration path is the straight line from V1 to V2 on the
complex v plane and

e b dt
e

E)(Z) e [
J

Ey(z) denotes the principal branch of the exponential integral. To
generate Wi2, EXPJ calculates E,(V1), subtracts E,(V2) and adds j2nm.
The integer n is zero unless the straight-line integration path
intersects the negative real v axis at a point between VI and V2.
When there is such an inte.section, n = 1 if V1 lies in quadrant 1 or
2 and n = -1 if V1 lies in quadrant 3 or 4.

14



APPENDIX 4. Subroutine IDANT

Subroutine IDANT is listed in Fig. 8. This subroutine stores
the quantities CDK(J) = cos kd; and SDK(J) = sin kdj where dj is the
lerigth of segment j. The program writes AK, DMAX and DMIN and aborts
if

a. the length of the shortest segment is less than the wire
radius, or

b. the longest segment has a length d such that kd exceeds 3,
or

c. the wire radius a is such that ka exceeds 0.1.

I[DANT calculates the elements in the compressed impedance
matrix C(I,J) as follows. Select a source segment K and a receiving
segment L, where K and L range from 1 to NS. The mutual impedances
P11, P12, P21 and P22 between the two segments are obtained by calling
ZGMM if K = L, ZGMM if the segments intersect, or ZGS if segments K
ana L do not intersect.

Now select a test dipole I sharing segnent K, and an expansion
dipole J sharing segment L. Add the appropriate segment-to-segment
impedance to the dipole-to-dipole impedance C(I,J). When this
procedure has been completed at statement 200, the impedances C(I,J)
are appropriate for a perfectly conducting thin-wire system with no
lumped Toads.

Between statements 200 and 262, the impedance matrix C(I,J) is
modified to account for the finite conductivity of the wire antenna.
The surface impedance 7S is obtained by calling ZSURrF. For each
segment K, the program selects a test dipole I and an expansion dipole
J sharing this segment. The contribution to C{I,J) associated with
finite conductivity is ZSAM if dipoles I and J have terminals at the
same end of segment K, and ZOPP if they have terminals at opposite
ends. C(I,J) is not affected unless dipoles I and J share one or
two segments.

Between statements 262 and 280, the irpedance matrix is modified
to account for the lumped loads. Each diagonal element C{I,I) is
modi fied by adding the impedance of the lumped load inserted at the
terminals of mode I. 1f mudes I and J share a segment and have termi-
nals at the same point, C(I,J) is modified by adding or subtracting
the impedance of the lumped load inserted at the terminal end of
this segment. (Add or subtract ZLD if node currents I and J have the
same or opposite reference directions on the shared segment.)




APPENDIX 5. Subroutine IFFLD

Subroutine IFFLD, listed in Fig. 9, calculates the far-zone
field of the thin-wire antenna.

let (r,6,¢) denote the spherical coordinates of the distant
observer, and let E4(I) and E,(I) denote the electric field intensi-
ties of dipole mode I with unit terminal current. Then

EPP(I) = (r/2) e3X7 E (1)
ETT(I) = (r/2) ed57 Eq(1)

The field of sinuscidal dipele mode I may be regarded as the sum of
the fields of each of its two segments. The field of segment K is
obtained by calling subroutine ZFF, and EPP(I) and ETT(I) are
generated by adding the appropriate numbers obtained from two
different calls to ZFF. In the DO LOOP ending with statement 260,
the antenna field is calculated as a weighted sum of the mode fields

as follows:

i

"

N =
EPH = ¥ CJ(I) EPP(I)
1

N
% CI(1) ETT(I)

ETH

where CJ(I) denotes the terminal current of mode I and EPH and ETH
denote the dimensionless range-independent form of the antenna fields

E¢ and Eg .

G denotes the time-average input power to the antenna, and
GPP and GTT are the ¢-polarized and U-polarized power gains. Sub-
routine IFFLD is called once for each angular direction. In the
input data supplied to this subroutine, PH and TH denote ¢ and € in

degrees.
This subroutine is useful for wire entennas with or without a

ground plane. For an antenna over a ground plane, IFFLD must be
supplied with information on the complete system including the image.



APPENDIX 6. Subroutine ISORT

Subroutine ISORT, listed in Fig. 10, is described briefly in
Section III. This subroutine sets up the image seqments and points
and calculates the segment lengths. Then it checks the input data
for consistence. The data are considered inconsistent and the run

is aborted if
a. NPGP is greater than zero but one of the points on the
ground plane has no segment (with index J less than or
equal to NSGP) connected to it, or
a real point situated above the ground plane has no
segment (with index J less than or equal to NRS)

connected to it.

Between statements 32 and 50, this program calculates the
number of modes N on the ccmplete structure. The run is aborted if

the dimensions are inadequate.

Between statements 50 and 58, the program sets up the modes
that will not have images. The number of modes of this type is
NPGP, and these modes have the lowest index numbers. Mode I has
terminal point I2(I) = I on the ground plane, endpoint I1(I) is above
the ground plane, endpoint 13(I) is the corresponding image point
below the ground plane, and segment JA(I) is the lowest-numbered

real segment with endpoint I.

Between statements 58 and 65, the program sets up the rest of
Modes of this type have the terminal point I2 on

the real modes.
Each of these real modes (with index I

or above the greund plane.
greater than NPGP) has an image which is established between

statements 65 and 75.

Below statement 75, the last part of the program counts the
It also

number of dipole modes sharing segment J, denoted by ND(J).
stores a list of the dipole modes sharing segment J, denoted by

MD(J,K). A segment may be shared by as many as four modes.

APPENDIX 7. Subroutine PDISS

Subroutine PDISS is listed in Fig. 11. This subroutine
calculates the time-average power (DISS) dissipated in the lumped

loads and the imperfectly conducting wire. The power is calculated
for one segment at a time, and the total power dissipated is the sum
of the powers dissipated on the various segments. On segment K, CJA
and CJB denote the currents at endpoints IA(K) and IB(K). RLA and
RLB denote the lumped resistors inserted in segment K at endpoints

IA and IB.

1.7
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This subroutine is suitable for a wire structure in free space
and aleo for a wire structure over a perfect ground plane. If there
1s no ground plane. the total number of segments NS must be supplied
as the tenth caliing parameter, and DISS denotes the power dissipated
on the entire structure. If there is a ground plane, the number of
real segn.ats NRS is siupplied instead, and D(SS denotes the power

dissipated on the rea. segments.

APPENDIX 8. Subrcatine ZFF

Subroutine ZFF, listed in Fiqg. 12, calculates *the far-zone
ficld of a sinusoidal electric ronopole in free space. The monopole
has endpoints at (XA,YA,ZA) and (Y3,YB,ZB).. (These symbols denote
kx, ky and kz.) Let E denote the electric field intensity. The
dimensionless range-independent field is defined by

F= (r/2) edkr g

EP1 and ET1 denote F, and F, for the mode with unit current at
(XA,YA,ZA). EP2 and’ET2 denote F, and Fo for the mde with unit
current at (XB,YB,ZB). The far field vanishes in the endfire direction

where GV = 0.

APPENDIX 9. Subroutine ZGMM

Subroutine ZGMM, listed in Fiq. 13, calculates the mutual
impedance between two filamentary monopoles with sinusoidal current
distributions. The dipole-dipole mutual impedance in £q. 20 of
reference 2 i5 the sum of four moncpole-monopole mutual impedances.

The monopole impedances are calculated by ZGS with Simpson's rule or
by ZGMM with closed-form expressions in terms of exponential integrais.

I[f the monopoles are parallel, let the z axis be parallel with
both monopoles. The coordinate origin may be selected arbitrarily.
S1 and S2 denote the - coordinates of the endpoints of the test
monopole, Tl and T2 are the z coordinates of the endpoints of the
expansion monopole, and D is the perpendicular distance (displacement)
between the monopoles. The mutual impedance of parallel monopoles is
calculated in the last part of ZGMM below statement 110.

For skew monapoles, let the test monopole s lie in the xy
plane and the expansion monopole t in the plane z = 0. (D is the
perpendicuiar distance between the paraﬂe] planes.) If the monopoles
are viewed along a line of sight parallel with the z axis, the ex-
tended axes of the two monopoles will appear to intersect at a point
on the xy plane. Llet s measure the distance along the axis of the
test monopole with origin at the apparent intersection. S1 and S2

18



denote the s coordinates of the endooints of the test monopole.
Similarly, let t measure distance along the axis of the expansion
monopole with origin at the apparent intersection. T] and T2 dencte
the t goord1nates of the endpoints of the expansion moncpole. Let
S and t be unit vectors paralle] with the positive s and t axes,
respectively. Then CPSI = S - t = cos v. The monopole 1enqths are
ds and dt, and the remaining input data are defined as fol! ows:

CGDS = cos kdg
SGDY = sin kdg
SGD2 = sin kdt

ZGMM calls EXPJ for the exponential iritegrals. ZGMM is
specialized for sinuscidal monopoles in free space. In ZGMM the
input data §1, S2, T1, T2 and D denote ks,, ks., ktl, kt, and kd,
respectively. 0therw1se. ZGMM is the same as GGMM

The output data from ZGMM are the impedances P11, Pi2, P2]
and P22, In defining these impedances, the reference direction is
from S1 to S2 for the current on monopole s, and from T1 to T2 for
the current on monopole t. In the impedance Pjj, the first subscript
is 1 or 2 if the test dipole has teminals at S{ or S2 on monopole s.
The second subscript is 1 or 2 if the expansion dipole has terminals
at Tl or T2 on monopole t. The endpoint coordinates Si1, S2, Tl and
T2 may be positive or negative. The monopole lengths dg and d¢ a-e
assumed positive in defining the input data CGDS, SGD! and SGDZ.

For parallel monopoles, CPSI = 1 or -1. S1, S2, T1 and T2
are cartesian coordinates for parallel monopoles and spherical
coordinates for skew monopoles. For skew monopoles, the radial
coordinates S1, G2, Tl and T2 tend to infinity as the angle y tends
to zero or ». Therefore, if the monopoles ire within 4.5 degrees
of being parallel, they are approximated by parallel dipoles.

APPENDIX 10. Subroutine ZGS

Subroutine 2GS, listed in Fig. 14, calculates the mutual
impedance between two filamentary monopoles with sinusoidal current
distributions. (The dipole-dipole mutual impedance in Eq. 20 of
reference 2 is the sum of four monopole-monopole mutual impedances.)
The endpoints of the axial test monopole s are at (XA,YA,ZA) and
(X8,YB,ZB), and the endpoints of the expansion monopole t are at
(X1,Y1,21) and (X2,Y2,22). DS and DT denote the lengths of mono-
poles s and t. Dirensionless forms are used for the input data.
For example, XA, AK, DS and DT denote kxz, ka, kdg and kd¢. CAS,
CBS and CGS are the direction cosines of monopole s, and CA, CB and
CG are the direction cosines of moncpole t.



If INT = 0, 2GS calls ZGM¥ for the closed-form impedance
calculations. Otherwise ZGS calculates the mutual impedance via
Simpson's-rule integration with the following number of sample
noints: IP = INT + 1.° If the monopoles are paraliel with small
displacement, ZGS calls ZGMM to avoid the difficulties of numerical

inteqration.

For the fields of the test monopole, ZGS uses Eqs. 75 and 76
of reference 2. The current distribution on the expansion monopole
is given by Eq. 74 of reference 2. With an origin at (X1,Y1,21),
the coordinate T measures distance along the expansion monopoie.
Thus T is the integration variable.

Let the coordinate s measure distance along the test monopole
with origin at (XA,YA,ZA). From any point 7 on monopole t, construct
a line to the test monopole such that the line is perpendicular to
the test monopole. SZ denotes the s coordinate of the intersection
of this line with the test monopole. The length of the line is the
radial coordinate p, and RS denotes p R1 and R2 are the distances
from (XA,YA,ZA) and (XB,YB,ZB) to the point T. C1 is the current
at T for the mode with terminals at (X1,Y1,21), and C2 is tnhe current
at T for the other mode with terminals at (X2,¥2,72). C denotes

the Simpson's-rule weighting coefficient.

2

Below statement 300, ZGS performs some analytic geometry in
preparation for calling ZCMM. The remaining part of this Appendix
concermnms this last part of subroutine ZGS.

t § denote a unit vector from (XA,YA,ZA) toward (XB,Y3,ZB),
denote a unit vector from (X1,Y1,21) toward (X2,Y2,72).
Then € - = cos v = CC where  is the angle formed by the axes of
the two monopoles, Let monopole s lie in one plane Pg and monopole t
in another paraliel plane P¢. AD, CBD and CGD are the direction
cosines of the unit vector d = t x § / sin 4 which is perpendicular
to both planes. To obtain the distance DK between the planes, we

construct a,vector R, from (XA,YA,ZA) to (X1,Y1,Z1) and take
L

Construct a line from (X1,Y1,Z1) to the test monopole, such
that the line is perpendicular to the test monopole. SZ denotes the
s coordinate of the intersection of this line with the test monopole,
and the cartesian coordinates  of this intersection are XZ, YZ and ZZ.
The direction cosines of & x 4 are CAP, CBP and CGP.

L

ﬁ,r’ »

and let

* From the point (X1,Y1,Z1} in plane Py, construct a perpendicu-
lar line to thg point (XP1,YP1,7ZP1) in the plane Ps. This line is
parallel with d and has length DK. Let R represgnt a vector from
(X2,YZ,22) to (¥P1,YP1,2P1). P1 denotes R+(S x 4). S1 and T1 are

defined in Appendix 9.
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Subroutine ZGS is essentially the same as GRS except the
medium is specialized to free space ir ZGS.

APPERDIX 11. Subroutine ZSURF

Subroutine ZSURF, listed in Fig. 15, calculates the surface
impedance of a solid circular-cylindrical wire with exterior exci-
tation. 7S denotes the surface impedance in ohms, and the input
data are defined as follows:

AX ka, where a is the wire radius
cMM conductivity ot the wire in megamhos/m
FMC frequency, MHz

The surface impedance is defined by Zg = [z/H, where the ficlds E and
H are evaluated at ihe surface of the wire. This subroutine calcu-
lates the impedance for the lowest order cylindrical mode with fields
E; and K. independent of ¢. The wire is considered to be a good
conductor in the sense that the displacement current is negligible
in comparison with the conduction current. In the present applica-
tion, we require the surface impedance appropriate for the current
distribution I{(z) = sin kz. For a highly conducting wire, however,
this impedance is considered to be the same as that for a uriformly
distributed current. BER, BEI, BERP and BEIP denote the Kelvin
functions ber, bei, ber' and bei' with arqument x. When x is less
than 8, BES and BES] denote the Bessel functions J, and J; with

argument

2= xedv/4 .

When x is greater than 8,
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SUBROUTINE ANTH(TA¢IBet ) e 12412, IWRCIyIWRITF,112,]1CC, INS,JA,UB,
2IPP o MD G NyHCM, Ny NL D NPGP y NS NS C o COKy SOK W CJeCMM D EFF oG o VGV
3Y11,21147%,2010)

COMPLEX CLICC.1CCIVCICL) VG4 VI(1)2ZLDiY)

COMPLEX Y11,721),2ZHs0 00, VJIeDYY

DIMENSTON TACL) 15015001 ) CORLL)SDKE1) DI, 10L1),12(1),13(1)

DIMENSTON MOCINS, 61y JAL Y o (1)y TGENMELT ) JGENCL )

FORMATIBX, *d=v, 1549%, 'VL(J)='42F10.2)

FORMATEEX, "Ust1245X, *2L U= 2F10.2)

FORMAT C1OX, VTV, 4%y VOAGHT TUDE Yy 4K, "PHASE Y 49X, YREAL' ,8X, ' 1©AGINARY ")

FORMAT(LX, F110,1F10.341F10.142F12.7)

FORMAY (1+0))

IF(112.6T.0)112=1

IFCIWRITFLLELOIGD TU 14

DO 10 J=1,NKS

AVG=CABRS(VG(J))

JF(AVG.GT.0.01)ARITE(H,1)JsVGLI)

WRITF(6,5)

IFI(NLD.LE.O)GD 10 14

IMAX=,0

NO 12 J=1,NRS

AZL=CARSIZ2LD(D))

PRECAZE ST 0 1YGH 1O 12

IMAX=1,

WRITF(&,2)),72L00(J)

CONT INUIE

IF(ZMAX.GT.0.5)IWRITE(6,5)

DO 30 I=1,NCM

CJll)=(.0,.0)

FAl=1.
K=JA( 1)
IF(I.GT.NPGPIGH TO 15

TECIBCT) LT K)K=IBET)

D0 25 KK=1,L

KA=]4(K)

KB8=1B(K)

JJ=K

Fl=FAC

IF(KR,EO.I2(1))6GD 10O 22
JF{KRB. EQ. I} { 1) )FE==FAC
CICT)=CILTI+ETI=VGLII)

GO By 25

TF(KALEO I3(1))FI=-FAC
JJ=K+NRS
CI1Y=CII)+FI=VG(I))
K=JB(1)

VJiT)=CJtl)

K=1+JPP
TF(I.GT.NPGP)VIIK)==VI(])
[SYM=1

IF(N.EQ.NPGP) ISYM=0

IWR=0

CALL CROUTIC,CJU4ICC,ISYM, IWR, T12,NCM)
112=12

CMAX=,0

DO RO 1=1,NCM
CA=CABRS(CJL]))

K=1+JPP
IF(T.GT.NPGP)CJ(K)==CI(T)

Fig. 5. Subroutine ANTI.
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80

90

JTFICA.GT.CMAX)CHMAX=CA
TFUIWRCI.GE LI IWRITH(6,3)
Y11=(.0,.0)

G=1,

EEF=.0

211=2(.0,.0)
IF(CHAX.LEL O, 2GD TN 500
G=20.

D0 90 I=1,N

GEY=C 34 T

VJdI=victll
DYY=CJI1#CONJIGIVIL)
FRO1LLEJNCAH)IYLYI=Y]114DYY
G=G+RFAL(DYY)
TFLIWRCI.LELONGDY TO 90
1FET.GI.NCH)GH T0 90
CA=CABS(CJII)Z7CHAX

PH=,0

TEECALGT 1 E=30)PH=5T,295THxATANZ2 (ATMAGICJIL) yREAL(CJL))

WRITF(Gy4)1.CA,PH,CUI
CONTINUE
JFOIWRCJLGEL L )URITE(6,45
G=G/2.

B EVE B D

EFF=100.

1F(CMM.LE.O,., .AND. NLD.LE.O)GO
€l POISSETA, 1By INSy 11, 12,13,MD,ANDNLD,NRS

2SDK¢DISSe2H, L)
EFF=100.%(G=-D1S55)/6

500. RETURN

END

Fig. 5.
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SUBROUTINE CROUT(C S ICC,ISYM, IWR, §12,N)
COMPLEX CCICC,ICC),.S(])
COMPLEX FyP,S5S541
FORMAT(1X,115,1F10.3,1F15.7,1F10.0)
FORMAT {1+0)
IF{112.NE. 1 )GO TO 22
IFIN.EO.1)S(L)=S(1)/C(1,1)
TFINGEQL1)GO 10 190
IFLISYM.HNE.OIGD TO 8
DO 6 1=1,N

DO 6 J=1,N

C 0y T1=C( 1y )
P=CA1v1)

00 10 L=2N
Cltl.L)=Cll,L)/F

DO 20 L=2,N

ELl=t=1

DO 20 I=LsN

F=Cl1l,L)

DD 11 K=l,LLL
F=F-C(1,K)*C(KyL)
C(l,L)=F

IE{L €0, I)CGY T8 20
P=C(LyL}
IFCISYM.EQ.0)GO TO 15
F=ClLs1)
PO 12 K=1l.LLL
F=F=ClL,KIZC(K,y 1)
Cits LA=ELP

GO T0 20

=C(I,L)
CllLyl)=F/P
CONT INUE
00 30 L=1,N
P=ClL+L)

T=S(L)

TE(LS. €0, 1)GH TG 30
LiL=L-1
D0 25 K=1,LLL
T=T-C(LyK)*S(K)
S(Li=T/P
DO 38 L=2,N

1=N-L+1

=]
T=S(1)
DO 35 K=11,N
T=T=Cl1,X)*S5(K)
S(1)=7

IFtIWR.LEL,O0) GO TO 100
WRITE(6,5)
CNOR=.0
DO 40 I=1,N
SA=CABS(S(1))
JFESA.GYL.CNDRICNOR=SA
IF(CNOR,LF.0, )CNOR=1,
DO 44 T=1,N
$S=S(1)
SA=CABS(SS)
SNOR=SA/CNOR
PH=. 0

FE(SALGT 0. 1PH=5T.295T8%ATANZ (AITMAG(SS)REALISS))

WRITE(6,2) 1, SNU2, S8, PH
WRITE(6,5)

RETURN

END

Fig. 6. Subroutine CROUT.
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SUBROUTINE EXPJ(V1eV2,W12)

COMPLEX EC+E15,S T4 UC,VC,V1,V2,W12,42

DIMENSION V(21)4W(21),0(16),E(16)

DATA V/ 0.2228B4667TE GO,
20.11889321E 01,0.249927363E 01,0.57751436E 01,0.9R374674E 01,
20.15982874F 02,0.93307812F~-01,0.49269174F 00,0.1215%95%4F 01,
20.22699495E 01,0.366762271: 01,0,54253366F 01,0, (5659162E 01,
20.10120228E 02,0.13130232F 02,0.16b654408F 02,0.20716479t 02,
20.25623894F 02,0.3140751Y9E 02,0.3B530068%E 02,0.48026086E 02/
DATA W/ 0.45896460F 00,
20.41700083E 004,0.11337338F 00,0.,103991976-01,0.26101720E-03,
20.89854791E~06,0,21823487F 00,0.346221017E 00,0.26302758E 00,
20.126625R2F 00,0.40206865%5E-01,0.K85638718E-02,0.12126361E-02,
20.11167440E~03,0.64595267F~05,0.2226316h9E-06,0,42214304F-08,
20.39218973E~10,0. 145651526-12,0. 14630270E-15,0.16005949E-19/
DATA D/ 0,224495842E 02,

2 0.74411568F 02,-0.64143157T6F 03,-0.78754339F 02+ 0.11256744E
2 0.16021761F 03,-0.23862195F 03,-0.50094607TE 03,-0.6848T654F
2 0.12254778E 02,-0.10161497T6E 02+-0447219591F 01, 0,79729681¢c
2-0.2106957T4E 02, 0.220464490E 01, 0.89728244€ 01/

DATA E/ 0.21103107€ 02,

2-0.379597BTE 03,-0.97489220E 02, 0.12900672¢ 03, 0.17949226E
2-0.12910931E 03, -0.55705574E 03y 0.13524801F 02, 0.14696721E
2 0.17949528F 02,-0.32981014FE 00, 0,3102BH36E 02, 0.81657657E
2 0.22236961E 02, 0.39124892E 02y 0.81636799E 01/

1=V}
DO 100 JIM=1,2
X=RFAL(Z)

Y=AITMAG(Z)

E1S5=1.0C,<0)

AB=CABS(2)

TIF(ARL,EN,.0.)GN TO 90

1F(X.GFE.0. .AND. AB.GT.10.)G0O TO 80
YA=ABS(Y)

JF(X.LE.O. AND. YA.GT.10.)G0 10 80

02,
02,
01,

02+
03,
01,

JF(YA=-X,GE.17.5.0R, YA, GE. 6.5, 0R. X4YA.GE«5.5.0ReX.GE.3.)G0 TO 20

IF{XelLEs=%4 )60 TU 40
IF(YA-X.GE.2.5)60 10 50
TF(X+YA.GE.1.2)G0 10 20
N=6,+3,%AH
E15=1./(N=1,)=2/N&x2
N=N-1

E15=1./{N~]1,. }-I2€E15/N
1FIN.GE.3)GD TO 15
E15=2%E15~CMPLX(.57T216+ALOG(AB) s ATAN2(Y X))
GO 10 90

J1=1

J2=6

B0 TD 31

J1=7

J2=21

$S=(.0,.0)

YS=ysY

DO 32 T=J1,42

X1=V(1)+X
CEF=W{1)/(XIsX14YS)
S=S+CMPLX(XI®CF,~YASCF)
GN TO 54

T3z=xex-Y2y

T4=2.2X8YA
T5=X*T3-YAu T4
T6=X%T4+YAST3

Fig. 7. Subroutine EXPJ.
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UC=CMPLX(D(L))40(12) X400 13)2T3+T5-F(12)5YA-F(13)%T4,

2 E(YID4FE{12)2X+E(13)%T34¢T0640(12)2YA+D(13)5T4)

VC=CHMPLXID(14)+0(151%X+L(16)3T3+4T5-F(15)2YA-E(16)%14,

2 E(L1&4)+E(L5)3X4E116)%T34T64D015)¢YA+D(16)514)

Gl 10 52

50 T3=X#X-Ys&Y

T4=2,¢XeYA

T5=x¢13=-YA%T4

T6=XeT44YA2T3 -

T7=X215-YA%T6

T8=X2TH+YARTS

T9=x2T7-YA%18

T10=X=TB+YASTT .

UC=CMPLX(DIL)+DI2)3X4013)5T340D( %18 T54DIS )T T+TY=(EL2)nYA+E(3)eT4
2HE( 4 )X TE4F(9)2TH)y (L) +E(2) % X+E(3)¢T34E(4)2TSH+E(S)=T71+T10+
3(0D(2)*YA+D(3)x14+D(4)2TEHE+D(5)218))

VE=CMPLX(D(6)+0E 7)=X4D(BI*T340(9)¢T5+0010)aT74TY-(F(T)eYA+E(R) T4
2H+E(9I4TH4E(LIQ)ITTR) yE(OI+E( 7 I=X+E(B)ET3+E(VISTS4E(10)21T7+T10+
3(D(T)EYA+D(B)=T&+D(9)2TE4D(10)%T18H))

52 EC=ucC/svC
S=tC/CHMPLX(X,YA)
54  FX=kXP(-X)
T=FX2CHPLX(COSCYA)=SIN(YA))
E15=S%T1
56 IF(Y.t7.0.)E15=CONIG(ELS)
GO 10 <0
B0 E15:5.409319/(2+4.195064)+.421831/(2+41.02666)+.04T126/(2+42.56788)+
2.206335€-1/(244.90035)1+4.10740i6-2/(2+48.18215)+.158654E=4/110+
312:.7342) »«31703)1E-T/(2+19.,3957)
E15=E15%CEXP(~-7)
S50 JiF{JIM.E0.1IW1Z2=E19
100 72=Vv?2

I=V2/Vv1 :
TH=ATANZ (AIMAGLZ2),FEAL(Z))-ATAN2(AIMAG(V2) REAL(V2))
2+ATAN2(AIMAG(V] ) ¢ REALIV]))

AB=ABS(TH)

JECAB L T Yo Y TH=, 0

TF(TH.GT. 1.1 TH=6.2k31853

TF(TH. LT.=1, ) TH==6,253]1R53

W12=W12-E]15+CMPLX(.CyTH)

RETURN

END

Fig. 7. Subroutine EXPJ - continued
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10

20

21

22

36

40

46
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SUBROUTINE TDANT(I1A, I8, 1CC, INSy INT,11412,1%,JA,J8,JPP,MD,N,NCH, 001

2ND¢NLD NP (NPGP ¢ NRS NS AK y CoCMM Dy FMC, COK, SUK 4 Xy Yo Z oM 2LD) 002
COMPLEX 2S,2ZH,P(2,2),0(2:2).C1J0ZS5AM, 21IPP 003
COMPLEX CLICC,I1CCI 2L0L1) 004
DIMENSION X(1)gY(13,2(2), JACL) IBET)aND(Y),COK(1)4SDK{1),D(1) 005
DIMENSION JT1(1)31202)¢1301)4JAC))4UBLL)MDIINS,4) 006
DATA TP/6.28318/ 0607
FORMAY (BXy 'AK=4 FR.645Xy "UMAX=Y,FB,445X, YOMIN=4,FR . 4) ons
CO 10 I=1,NCHM 009
DO 10 J=1,NCM 010
Clled)=(.0,.0) 011
DMAX=,0 012
DMIN=100. 013
D0 20 J=],NRS 0l4
DJI=0C0J) 015
JFIDJ,GT.DMAX JUMAX =0J olé
IF(DJ LT.DMIN)DMIN=DJ 017
CDK(J)=CNS(DY) 018
SDK(J)=SIN(DJ) 019
K=J+NRS c20
COK(K)=CDK(J) 021
SOK(K)=SDK(J) 022
IF(DMIN,LT.AK)GO TO 21 023
IF(DMAX,GT.3.)G0 TO 21 024
IF(AK.GT.0.1)GO TO 21 025
GO 10 22 026
WRITE(6,2)AK, DMAX, DMIN 027
N=0 028
RETURN 029
DO 200 K=1,NS 030
NOK=NOiK) G331
KA=TA(K) 032
KB=1B(K) 033
DK=DI(K) 034
DO 200 L=1,4NS 035
NDL=ND(L) 036
LA=TA(L) 037
LB=1B(L) 038
DL=D(L) 039
NIL=0 040
DO 200 11=1,NDXK 041
1=MB(K,11) 042
IF(1.GT.NCMIGO TO 200 043
Fl=1. 044
IF(KB.EQ. 12(1))G0O TO 36 045
IF(KB.EC.11(1))FI=~1, 046
1S=1 047
GO 10 40 048
IF(KALEQ. I3(1))FI==1. 049
1S=2 050
00 200 JJ=1,.NDL 051
J=MDIL,JJ) 052
IF(1.6T,J)G0 TO 200 053
FJ=1. 054
IF(LB.EQ.12(J))GO TO 46 055
IF(LB.EQ.TL(J))FU==1. 056
JS=1 057
GO T0 S0 058
JF(LAJEQLI3(U)IFY=-1. 059
JS=2 060
TFINIL.NFLO)IGD TO 168 061
NIL=1 062

Fig. 8. Subroutine IDANT.
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IF(K.EQ.L)GD TO 120
IND=(LA-KA)S (LKE=KA )& (LA=KE )4 (LB-KHK}
IFLIND.EQ.OIGH TD &0
G SEGMENTS K AND L SHARE NO POINTS
CALL 7GS{X{KA)yY(KA),2Z(KA), X(KB)oY(KR) ZIKB)X(LA),Y(LA),Z(LA),
2X(LB) ¢ YILB) /(LK) AK DK CORIK) o SOKIK) o DLy SOKIL) 4 INT,
AP L)y PlT w2y Bl 21 09P (2520}
LGB 10 168
(73 SEGMENTS K AND L SHARE UNE FOINT (THEY INTERSECT)
80 KG=0
JM=KR
JC=KA
KF=1
IND=(KB-LA)S (KB-LHB)
IFCIND.NELQ)GD TO 82
JC=KB
KF==1
JM=KA
: KG=3
82 LG=3
| JP=LA
\ LE=~1
JF(LB.EQ.JCIGO TO B3
; JP=LB
| LF=1
i LG=0
83 SGN=KFsLF
CPSTI=(IX(JIP)I=XLIC) IS UX(IM)=X(JIC))+(Y(IP)I=Y(JC))B(Y(IM)=Y(JC))
24(2(JP)=2(JCII=(2(IM)=2(JC)))/LDK=DL)
\ CALL ZGMM{.0,0Kyo040LsAKyCOK(K)}ySDKIK)SOK(L)¢CPS]
‘ 2:08 1013000102700 0291)90i242))
DD 98 KK=1,2
KP=]1ABS(KK-KG)
DD S8 LL=1,2
1 LP=1ABS(LL-LG)
‘ P(KP,LP)=SGNe¢Q(KK,LL)
98 CONTINUE

GO TO 168
i C K=L (SELF REACTION OF SEGMENT K)
‘ 120 5=.5

IF(KA.NE.1A)S==.5
CALL ZGMM( .0, 0K OK%(.5=5) yOKE (2545 ) ¢ AKoeCOK (K)o SDK(K) » SDK (K} ¢ 1.4
2 BT )Pl 25PN Vo PT 2020
f 168 CIJ=FI%FJ3P(15,JS)
\ IF(J.GT.NCHIGH Til 190
CCIad¥=C 01 yJ)+CT1J
TE(I.NE.JICIJ, T)=ClIe1)4CTY
GO TO 200
190 JG=J=-JPPp
CHlFI6Y=CE LedGI-CT Y
200 CONTINUE
IH=(.0,.0)
IF(CMH. LE.0. )G TO 262
CALL 2SURF (AK,CHM, FMC,25)
‘ IH=2S/ (4. = TPOAK)
DO 260 K=1,NS
NDK=ND(K)
ZSAM=2.22H8(D(K)-SOK(KI*COK(K})/SOK(K)ss2
00 210 LI=1,NDK
1=MD(K,T1)
210 TF(T.LENCHIC(T, 1)=U(l, [)+ZSAM
IFINDK.EQ.11GO 1O 260

| Fig. 8. Subroutine IDANT - continued

28

063
064
065
066
067
068
069
010
071
012
073
074
075
076
017
o8
07y
080
081
082
083
084
085
086
087
o088
089
090
091
04z
093
094
095
096
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
L
116
B
118
119
120
121
122
123
126



236

240

246

250

259

260
262

264

266
268

2170

Z0PP=2.22H% (SDK(K)-D(K)*COK(K))}/SDK(K)#%2

KA=TA(K)

KB=1HK(K)

DD 260 11=1,NDK
I1=MD(K, 1)

IF(1.GT.NCH)IGD 10 260
Fl=1.

JF(KB.EQ.I2(1))6GN TO 236
IF(KB.EQ. TI(1))FI==1,
15=1

GO .10 240
JF(KALEQ.13(]1))Fl==-1,
1S=2 3

DD 260 JJ=1.NDK
J=MD(K,JJ)

1IF(1.GE.J)GO Y0 260
FJ=1.

IF(KBL.EQ.12(0))G0 TO 246
IF(KBLEC. 11(J))FIY=-1,
JS=1

GO 10 250
JF(RALEQ.13(J))FI==1,
JS=2
IF(1S.EQ.JSICTU=FI%FJsZ5AM
TFCISNELUS)ICIy=FleFJ220PP
IF(J.GT.NCMIGD TO 259
Cltlsd)=Clled)*Cid

CLIy I)=ClI;1)+CI}

GO TO 260

JG=J=-JPP
ClladGI=CilydGi=CiJ

CONT INUE

IF(NILD.LE.O)GH TO 300

DO 280 I=1,NCIA

JJA=JAL])

J1=JJA

F12=12(1)

111=83(1)
ITF(TI2.E0.1B(J1))J1=J]1+NRS
1F(I.LE.NPGP)GU TO 270
JIB=JR(])

J2=J4J8
IFIT12.E6Q.1B(0231J2=J2+¢NRS
Clle1)=ClEa1)+ZLDLIL)I+2LD(J2)
JIJ=JJIA

DO 268 K=1,2

NDJ=ND(JJJ)

DO 266 JJ=1,NDJ
J=MD(JIJ, JS)

1F(J.EQ. 1)GDH TO 266
IF(I2(J).NELTTI21GO TO 266
Fl=1.

IF(KLEQ.2)G0 10 264
JFLT1EIVNELTTL)FE=~1,
ClleJ)=ClI J)eFloZLO(J])
GO 10 266
IF(I3(J).NELTI3(1)IF]==1,
ClI J)=CUlIJ)+FI=ZLD(J2)
CONT INUE

JJJI=JJ8
GO TO 2E0
IF(IBIJY).LELNPGP)JL=J]+NRS

Fig. 8. Subroutine IDANT - 'continued
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278
280
300

ClIy1)=C(1,1)+2,#2LD¢(J1)
NDJ=ND(JJA)

DO 278 JJ=1,KNDJ
J=HDUJJA,JJ)

JFIJ.EO.1)GO TD 278
TF(12(J).NEL112)GD TO 278
Fl=1la

TF 12U NEQFEE)EYs~]) .
ClI,J)=ClI,J)+42.FI32LD(J1)
CONT INUE

CONT INUE

RETURN

END

Fig. 8. Subroutine IDANT - continued
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SURRODUTINE TFFLD(TA, 1By INSe124i2¢13.MD,NyND,NS,CUK,CJ4D,

2EPPLETI  FPH,FTH GLGRP G T o PH, SUK, THe Xy Y, 2)
COMPLEX EPH E1H,CJl, EX1,ET2,LM1,EP2
COMPLEX CJU())EPPLYI),ETT( )

DIMENSTION TA(L)y IBEL)oNDEL ) CODKIL)SOKET ) eDOL)eX()),aY(1),2101)

OIMENSTION 1101340120 1),13(1),MDIINS,4)
DATA CJI/1.0y-.530888E~2)/
THR=,0]) 745338 TH
CTH=COS{THR)
STH=S1M( THK)
PHR=,0]174533%PH
CPH=COS(PHR)
SPH=SIN(VHR)
D0 130 I=1,N
ETT(1)=(0y.0)

130 EPP(1)=(,0,.0)
DO 140 K=1,NS
KA=TA(K)
KB=1B(K)

CALL ZFFiX(KA) YIKA),Z(KA) X(KB)yY(KB)s2(KB)DIK)
2yCOK(K) ¢ SDKIK) oCTH STHyCPH, SPHyET1,ET2,EP1,EP2)

NDK=ND(K)
DO 140 [1=1,NDK
1=MD(K,11)
Fil=1.
IF(KR.FQ.12(1))G0O 10 136
IF(KR.EQ. T1(1))kTI==1.
EPP(I)=FPP(])+F1sEP]
EYT(1)=EVT(I)+FI®FET1]
GO TO 140
YSERTEINEED. P 2L ) LEL w1
EPPL1)=bPPLI)+FI2EP2
ETT(1)=BTT(I)+FI®ET2
140 CONTINUE
EPH=(,0,.0)
ETH=(.0,.0)
200 DD 260 I=1,N
ETHaETH+CJ(T)=ETT(])
260 EPH=EPH+CI(1)=EPP(])
{PP=CABS(FPH)
A1T=CABS(ETH)
GPP=APPEAPP/(30.2G)
GTT=ATT=ATT/(30.%6G)
RETURN
END

Fig. 9. Subroutine IFFLD.
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18
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22
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SUBROUTINE ISORT(TALIH,ICCICIHINS IWRITE,11,12,13.04,U8,
PMAX MIN, YDy Ny NCH, Mg NPy NS, NKP MRS NPGRGNSGP,DC 2 CyYC o 2C)
DIMENS N JSPI20) 0 LY )y 7CELD Y0 EL ), 201 10)

DIMENSION T1(01),1200)¢03(1),JA0))0JBL))

ODIMENSTON TACL) L1801 ) MDEL ) PULINS &)

FORMATISXy ¢S5 1Xe CTALI) o) Xy VIBLID 1 2Xe 'K Y,
21X VEACK)Y (IX, *TRIK),TX, 'DCLI)Y)
FORMAT(1X,315,1115:219,2F15.5)

FORMAT (11X, 11543F10.5,11%,3F10.5) 5
FURMAT(1X,415,1119,615)

FORMAT( 10))

FORMAT(SX, "1 6xy "XCUT) o SXy *YCULED y5X,02C())",
2 SXe KN s ARy NXC YN Yo SK 5 OYCH J) %6 OKio V2C ST

FORMATUISX oV E g 3Ny P JA Y 33X, B 3Ny [ 193Xy 129,3X,%13Y,
214Xy K 3X VAT BX, P IB 3Ky TV, 3K, T20,3X,]30)
1GPP=NPGP )

NP I=NRI=LBGP

NEXT SET UP THE TMAGE SEGMENTS

DO 18 J=1,NRS

K= J+NRS

TA(K)=]A(Y)

IF(LIAGJI.GI NPGPYTA(KI=TA(J)4NP]
I8(K)=1H())
TFOIBIJYLGTLNPGP ) IB(K)=IRB{J)I+NP]

NEXT SET UP THE [IMAGL POINTS

GO 20 1=1C*PyNRP
J=l+NP |
XCtJ)=xCt1)
YCtd)=YC (1)
2C(I)==2C01)

NEKT CALCULATE Toe SEGMENT LENGTRS OC(J)

IF(IWRITE,LELOIGO 10 22
WRITELH,S)

WRITE(6,1)

DO 25 J=1,NRS

K=lA(J)

L=1B00)

DX=XC(K)=XC(L)

DY=YC(K)-YC (L)

D7=2C(K)=ZC(L)
ODCIJ)eSORT(DX*DX+DYeDY4DZeD])
K=J+NRS

Drik)=0C(d)

IFCIRRITELGEL D IWRITECG, 20y TALY) o IB(J) Ky TAIK),IBIK),DCLI)
IFCIWRITELLELO)GU TN 32
WRITE(6,5)

WHITE(6,6)

DO 30 I=1,NKP

[F(TI.GT.NPGPIGO TN 28
WRITF(6,3),XCLE),YCUTD)2CHLT)
GO YO 30

J=l+NP]

WRITE(O 3T oXCUT)oYCUT)o2C(E) 0o XCUI)yYCLI)2CHLL)
CONT INUE

WRITE(%,5)

C CHECK INPUT DATA FOR CONSISTENCE
32

IIGINAL

h @]

N=0

MIN=100

MAX=]100
IF(NPGPLLE.CIGD TO 40
DO 38 I=1,NPGP

L=0

Fig. 10. Subroutine ISORT.
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35

38
40

44

46
50

DD 35 J=1,NSGP
Ke(JA(J)=-1)e(1B(ul}-1)
IFIK.£O0,0)L-L+]

JE(L.LT,MAX)MAA=L

N=N+2¢[ -]

JFINRP,LE.NPGP)GO TO 50

DO 46 1=1GPP NRP

L=0

DO w46 J=],NRS
Ks(1A(J)=112C1B(D)-1)
IFIK.EQ.Q)L=L+]

TF(L. LT MIN)MIN=L

N=N+2Z2e(L~-1)

IF(N,LELO JOR, N,GT, ICJIGH TO 500
1F(MAX.LE.O R, MIN,LE,0IGD TO 500
TF(NPGPLLELOIGO TO 5K

C SET UP THE MODES Al 1HE GROUND PLANE THAT WILL NOUTY HAVE 1HMAGES

52

54

56

DO 56 1=1,NPCP

J=0

J=Jel

1AJ=1A(J)

1Ba=18(J)
KK=(lAJ=1)o(1BJ-1])
IF(J.ENJNSGPIGO TO 54
IF(KK.NEL,O)IGO 10 52
Jall)=y

JBET)=JeNRS

1201 )=1

11t1)=18J
IFCIBJ.EQ.EITI(T)=TAY
I301)=11(1)eNPI
I=ineGP

N=KPGP

NCM=NPGP

JPP=0

TF{NRS. FQ.NPGR)GO TO 75

C SETVT UP THF 2EST OF THE REAL MODES

60

62
65

DO 65 K=],NRP

NJK=0

00 60 J=1,NKS
IND=(1ALJ)=-K)s(IRLJ)=-K)
TFCIND.NELO0)GO TO 60
NJK=NJK+1]

JSPINJK )=

CONTINUE

MOD=NJK=1
IF(MOD.LELDIGD TO &5
DN 62 1KD=1,M10

I=l+1

1PO=1MDe]

JALl=JSP(IMD)

Jati)=JAl

JBI=JgSv(IPD)

JB(1) =081

J103)=1A(JA1)
JFOTACJAT)CEQuKIT L) =IB(JALI
[2(1)=xK

13(1)y=1A0JBI)
TFETACUBINLEQ.KII3(T)=18(UB])
CONT INUE

NCM=1

JPP=NCM-NPGP

Fig. 10. Subroutine ISCRT - continued
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C

SET UP THE IMAGE MODES

DO 70 I=1GPONCM

K=l+iPP

JAIK)=JA{ 1) +NKRS
JBIK)I=JBT)4NRS

Ita=11(1)
118=1201)
1iIC=13(1)
11(K)=114a

TFCTTALGTONPGP YT KD =TT A+NP]

12tK)=11H

TF(TIBLGT NPGP )T 2(KIalIBene]

13(K)1=11C

TO 1E(LIC.GI.NPGPII3(K)=11CeNP]

N=2oNCHM-NPGP
5 MAX=(C
MIN=100
NO(J) = NUMBER O
MD(JyK) = LIST OF
DD 100 J=]1,NS
DO 80 K=],4
B0 MD(J.X)=0
K=0
DO 90 I=1,N
JAl=JAL1)
JBl=JR(1)
L=(JAl=J)e(JBI

DIPOLE MODES SHARING SEGMENT J
DIPULES SHARING SEGMENT

=l

IFtL.NF,01G0 1O 90

K=K+
MD(JsKI=1

YU CUNIINUE
NO(J) =K
JEIK.GT.MAX)HMA

X =K

100 IF(K. LT HNINPMIN=K

IFCIWRITELLELQIGH TO 00

WRITE(A,T)
00 110 I=1,NCM

IF(1.GT.NPGP)GO Y1) 108
WRITE(bea) Tl 1)y UBLL) 1200, 0200),13(010)

GO 10 110
108 K=l+jpPpP

WRITELL 4 13 JACT)edB O b 0D 12010130 1) KeJAIK) 4JBIK),

211(K),12(K),13
110 CONTINUE
NRITE(G6,S)
SO0 RETURN
END

(x)

Eigs 10

Subroutine ISORT - continued
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36

40

50

SUBROUTINE PDISS(Ia, 18, 1INS,11,12,13,MD,ND,NLO,NS
250K, DISSZH 2L

COMPLEX CU(1)elH CIA,CHH.2LA2LB,2LD(1)

«CJIeCHM,D,CDK,

DIMENSTON TOKEI)oSUKETToOt Lo bitL o120 e300 0AC1)018L1)NDLY)

DIMENSION MO(INS,4)

RH=RFAL{ZH)

DISS=.0

DO 100 K=1,NS

IF(CHM, LE, D, )CD TO 10 3
FA=2 , suHe (DK I=SDRIK)ISCDK(K))/SOKiK)se2
FBe4, o Mo {SDKIK) =K )SCOKIK})/SNKIK)B22
KA=JA(IK)

KB=1H(K)

CJA®(,0,,0)

CJh=(.0,.0)

NOK =RDIK )

00 &0 Jl=1,NDK

TeMD(K, 1)

Fl=1.

IF(KB,EQ.12(1))GO TO 36
IFIKB, FQ. 11 (1) )FI==],

CIJA=CJUACFISCIlLL) -

60 10 4«0

IF(KAFO. 1301 ))Fle=],

CIUB=CUB+F 1eCU( 1)

CONT INUE

TF(NLD.LEL,D)GO TO 50

AJA=CABSICUL )o@ 2

BIB=CARSICUR )02

KK rKeNS

RLA=PEALL2LDIN)Y

RLB=RFALIZLDIKX )}
DISS=0DISS+AJASHLA+RIARORLS
T1F(CHMM.LELOL.)GD TO 10D
DISS=DISS+FAC(CABSICIA)IO®2+CARS(CUB)®®2)

2eFRO(REAL(CIAIOHEALICIB)+AIMAGICIANPATIMAGICIB))

100 CONTINUE

RETURN
END

Fig. 11. Subroutine PDISS.
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SUBROUTINE ZFF(XA,YA,2Z

Ay XByYB,28,0

2yCKODy SKDy CTH, STH,CPH, SPH,ET1,ET2,EP1,EP2)
COMPLEX EJAEJB.EPL.EP2,ES1,ES2,ET1,E12

CA=(XB=XA)/0
CB=(YB=YA) /D
CG=(2ZB=-2A)/D

G=(CA%CPH+CB*SPH)*STH+LG#CTH

GK=1.~-G*G

ET1=(.0,.0)
ET12=(.0,.0)
EP1=(.0,.0)
EP2=(.0,.0)

IF(GK.LT..001)G1) TO 200
A=XA«STH*CPH+YA: STH=SPH+ZAXCTH
B=XBxSTH¥CPH+YRB=#STHESPH4ZB2CTH
EJA=CMPLX(CNS(A),SIN(A))
EJB=CMPLX(COSIB),SINIB))

SGO=SIN(6=D)
CGD=COS(G*D)

ES1=30.%EJASCMPLXISGD-G=SXU, CKD-CGD)/GK/SKD
ES2=30.*EJB=CMPLX{G=SKD-SGD,CKD-CGD) /GK/SKD
T=(CASCPH+CB=SPH)#CTH-CG*STH

P=-CA%SPH+(B=CPH

ET1=T2ES]
ET2=T%ES2
EP1=P2ES]
EP2=PnES2

200 RETURN
END

=G A

Subroutine ZFF.
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SUBROUTINE 7GMM(S1,S52,T1,72,04CGDS,SCD1,SGCD2,CPSI4P11,P12,P21,P22) 001

DOUBLYE PRECISION R1,R2,0P0,S1S¢TS1e15245T1,ST2:C0,BD4CPSS,SPS1,SK 002
Tl T2 T o U0 s SIEE OPR T DD 20 003
COMPLEX E(242)4F(2,2),GAM,P11,P12,P21,P22 004
COMPLEX EByECyEKyELFKL yFG2Z14ESTI4ES2,ETL14E12,EXPAEXPB 005
COMPLEX EGZ2(2,2),61(2),6P(2) 006
DATA FTA,GAMyP1/376.7274(e0y10143.14159/ 007
DSO=0%D 008
SGDS=SGD1 F 009
1F(S2.LT.51)S6DS=-SG01 010
SGDT=5G02 011
IF(T2.L7.T1)S6DT==-56D2 012
1F(ARSICPSI).GT.0.997)G0 TO 110 013
ES1=CFXP(GAM=S] ) 014
ES2=CEXP(GAM%S?2) 015
ET1=CEXP(GAM®T]) 016
ET2=CEXP(GAMET2) 017
DO=D 018
DPSI=CPSI 019
T01=T1 020
TD2=T2 021
CPSS=DPSI%*DPSI 022
CO=DD/DSORT(1.00-CPSS) 023
C=CD 024
BD=CD:DPS] 025
B=BD 026
EB=CEXP(GAMECMPLX(.0,B)) 027
EC=CEXP(GAMECMPLX(.0,C)) 028
DO 10 K=1.2 029
DO 10 L=1,2 030
10 E(RyL)=(.0,.0) 031
TS1=TN1%T01 032
TS2=1D2%TD2 033
DPQ=DD*DD 034
SI=S1 035
DO 100 1=1,2 036
Fl=(=-1)#x] 037
SD1=S1 038
SIS=SD1%SDI : 039
ST1=2.SDI=T0D1=0PS| 04 ¢
§T2=2.25D1¢TN2%DPSI 041
R1=DSORT (DPO+SIS+TS1-5T1, 042
R2=DSORT(DPO+SI1S+T52-5T2) 043
EK=EB 044
BO SO K=1,2 045
FK=(-1)%%K 046
SK=FK#SDI 047
EL=EC 048
D0 40 L=1,2 049
FL=(-1)2%L 050
EKL=FKEEL 051
XX=FK*BD+FL=CD 052
TL1=FL2TD1 053
TL2=FL:TD2 054
RRI=R1+SK+TL1 055
RR2=R2+5K+TL2 056
CALL EXPI(GAMSCMPLX(RRI =XX),GAMSCHMPLXIRR2,=XX),EXPA) 057
CALL EXPJ(GAMECMPLX(RRL,XX),GAMECMPLX(RK2,XX) EXPB) 058
E(KyL)=E(K, L) +F 1% (EXPASEKL+EXPB/EKL) 059
40 EL=1./€EC 060
50 EK=1./E8 061
Z0=S01%DPSI 062
Fig. 13. Subroutine ZGMM.
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2C=20 063

EGZI=CEXP(GAM&Z() 064
RR1=R1+20=TD1 065
RR2=R2+20-TD2 066
CALL EXPJ(GAM®RR]1,GAMERR2, EXPB) c67
RR1=R1-2D+TD1 068
RR2=R2-2D+TD2 : 069
CALL EXPJ(GAM=RK],GAMERR2,EXPA) 70
FOly1)=2.%SG0DS¢{.0,14)3EXPA/EGLI] 071
FU142)=2.%2SGDS41.0,1¢)%EXPB*EGLI 0712

180 Si1=52 073
CST==ETA/(16.%P1%5GDS=SGODT) 074
PIY=GST=( U FLYgl ) +EL2,21¥ES2~E 1021 /ES2)RET2 075

A 4(=F(1,2)-t(2,1)%ES2+E(1,1)/ES2}/ET2) 076
P12=CSTB((~F{lyi)-FEl242)%FS2+E(1,2)/ES2)%ET] 0717

B +0 F(l42)+E(2,1)%ES2-E(1,1)/ES2)/ET]) 078
P21=CST#((~F(2,1)~F(2,2)%ES1+E(1,2)/ESY)%ET2 079

{1 40 FU242)4E(2,1)%ES1~E(1,1)/FS1)/ET2) 0BO
P22=CST*({ F(2;1)1+E(2,2}%ES1-EL142)/ESI1I®ET1 08]

D +{=F(242)-t(2,1)%ES1+E(141)/ESY)/ET]) oez
RETURN 083

110 IFICPS1.LT.0.)G0 TO 120 0R4
TA=T] 085S
18=T2 086

GO 10 130 o087

120 TA=-T1 088
YB==T2 089
SGD1==-SGOT 090

130 Si=S1 091
0O 150 I=1,2 092
TJI=TA 093

DO 140 J=1,2 094
21J=TJ=-S1 095
R=SORTINS0+72102721J) 096
W=R+Z1J 097
1F(Z1J.0LT7,0.)0W=0S0/(R=21J) 098
V=R=21J 099
iF(21J.61,0.)Vv=DS0O/(R+21J) 100
IF{JsEQ: 1)V I=Y 101
IF(J.EQ. 1)IW]l=W 102
EGZ(1,J)=CEXP(GAM=2TJ) 103

140 TJ=T8 104
CALL EXPJ(GAM=V],GAMEV,GP(1)) 105
CALL EXPJ({GAM=W],GAMEW ,GM(1)) 106
150 SI=S2 107
CST=ETA/(B,=P 1¢SGDS=SGODT ) 108
PI1=CST2(GM(2)%EGZI2.2)+GPI2)1/EG212:2) 109
2-CGDSZ(GMI1)=EGZI142)+GP(1)/FEGZ(L.21)) 110
P12=CST2U-GMI2)=EG2(2,))=GPI2)/EGLI241) 83
2+4CODSE(GMILIITFGZLL 1)+GP 1) /EG2ZLL,1))) 112
F21=CSTEGMILI=IGTL42)+GPIL)/EGL0T,2) 113
2-CGDSE(GM(2)G2(242)46P(2)/EG2(2,2))) 114
P22=CST*(-GM{1)2FEG2(141)=-GP(1)/EG2(1,1) 115
2+CGDSE(GM(2)%EGZ(241)+6P(2)/EG2(241))) 116
RETURN 117
END 118

Fig. 13. Subroutine ZGMM - continued
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SUBROUTIME ZGS(IXA WA, ZAZXByYB:ZBey X1, ¥Y1,01,X2,¥242244K, c0o1

20S.CDS,SDS, DT +SDI, INT,P11,P12,¥P21,P22) 002
COMPLEX CSToFJ1sEJ2,EJAZEJBERL ER24ETY ET2,P11,P12,P21,P22,6GAM 003
COMPLEX SGDS, SGDT 004
DATA FTA,GAM,P1/376.72T4(e041.)43.14159/ 005
CA=(X2-X1)/DT 006
CB=(Y2-Y1)/01 © 007
CG=(22-21)707 008
CAS=(XB-XA}/0DS 009
CBS=(YB-YA)/DS 010
CGS=(ZK~-2A) /DS 011
CC=CA=CAS+CR*CHS+CG2CGLS 012
IFLABS(CC)GT.0.990)50 TO 200 013
20 S2=(X1-XA)*CAS+(Y)-YA)2CBS+(21-2A)*CGS 014
IFCINTLEQ.O0IGU TG 200 015
CGOS=CDS 016
SGDS=CMPLX(4+0,S0S) 017
SGDT=CMPLX(.0,SDT) 018
INS=2%(INT/2) 019
IFCINS.LTL.2)INS=-2 020
IP=INS+1 021
DELT=DT/INS 022
T=,0 023
DSZ=CC=DELT 024
P11=(.0,.0) 025
P12=(.0,4.0) 026
P21=(.0,.0) 027
P22=(,0,.0) 028
AKS=AK® AK 029
SGN=-1, 030
DO 100 IN=1,IP 031
121=52 032
222=52-0S 033
XXZ=X1+T#CA-XA=-S2%+CAS 034
YY2=Y1+1¢CB-YA-SZ%CHS 035
122=21+472CG-2A-SZ%(GS 036
RS=XX22324YY22m24202%%2 037
RI=SQORT(RS+221%x2}) 028
EJA=CMPLX(COS(R]1)4=SIN(R1)) 039
EJ1=EJA/R] 040
R2=SORT(RS+222%%2) 041
EJB=CMPLXICDS(R2)4=SIN(R2)) 042
EJ2=EJB/KR2 " 043
ER1=EJA2SGDS+221%EJ1=CGDS-222%E)2 044
ER2=-EJB*SGDS+722%tJ22CGDS-221=EU] 045
FAC=.0 C46
IF(RS,GT.AKS)FAC=(CA«XXZ+CBeYYZ24CG*222) /RS 04t
ET1=CC2(EJ2-EJL1SCGDS)+FACEER] 233
ET2=CCe(EJ1-EJ2%CGHS)+FACRERZ 049
C=3.+SGN 050
IFCINJGED. 1 .NDR. IN.EQ.IP)C=1, 051
Cl=C*SIN(DT=-T) 052
C2=C=SIN(T) 053
P11=P11+ET12C1 054
P12=P12+ET12C2 055
P21=P21+FT2%C1 056
P22=P22+ET22C2 057
T=T+DELT 058
$2=S2+0S2 059
100 SGN=-SGN 060
CST==(.0,1.)%ETASDELT/(12.2PI&SGUS*SGOT) 061
P11=CST=P11 062

Fig. 14. Subroutine ZGS.
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P12=CSTap12
P21=CST*P21
P22=CS1*#P22
RETURN

200 S2)1={X1=XA)*CAS+(Y!=YA)*CBS+(21-2ZA)*CGS

RHI=SORT((X1~XA-SZ1%CAS)222+(Y]1-YA=S213CBS)*=2+(2)1-2A-SZ1*CGS)*#2)
$72=S71+07=CC

RH2=SORT [ X2~XA-S724CAS)#%2+4(Y2-YA-522=CBS)*82+(22-2A-S22*CGS)*%2)

. DOK=(RH1+4RH2) /2,

300

IFIDDK.GT, 20, 0AK ,AND., INT.GT.0)GO TO 20
T1F(ODK. LT AK)DDK =AK

CALL ZGMM(.04DS+52145224DDK4CDS,SDSySDT41.,P11,P12,P21,P22)
RETURN

SS=SQRT(1.-CC*CC)

CAD=(CGS*CB-CRS*CG)/SS
CBD=(CAS=CG-CGS=CA)/SS
CCD=(CBS*CA-CAS*CB)/SS
DK=(X1-XA)=CAD+(Y1=-YA)RCBD+(21-2ZA)*CCGD
DK=ABS(DK)

1F(DK.LT.AK)DK=AK

XZ=XA+S2¢CAS

YZ=YA+S522CHBS

22=2A+S21=CGRS

XPI=X1-DK®CAD

YP1=Y1-DK2CHBD

2P1=21-DK*CGO

CAP=CBS*CGO-CLS=CAD

CBP=CGSv¥CAD-CAS=CGL

CGP=CAS®CBD-CBS*CAD S
Pl=CAP%(XP1-X2)4CBP®(YPL=Y2)+CGP2(2P1-22]}
T1-71/55

S1=T1%CC-S2Z
CALL ZGMM(S1,S51+DS,T1,T1+DT,0DK,COSsSDS,SDT4CC4PLL,P12,PZ1,P22)
RETURN
END

Bl 4, Subroutine ZGS - continued
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50

SURROUTINE ZSURF(AK,CMM,FMCT,ZS)

COMPLFX BFS,BES1,75

DATA ETA,SOT,TR/A26.72727,1,41421356,6.2831853/

SOSWE=1, FEESORTICMM/TH/FMC/ B 89633)

X=AK% §2SWE

IF(X.6T.8.)G0 T4 50

T=X/8,

T2=T%1

T4=12%712
R[k:((((((-.QOIS—UV|h0.12?557F~?)°14-.Oﬂ34960v)°T"?.641914)ﬁTk
2-3?.1:'.3'-‘-4\):‘1/«0[!\.l"‘.’?:Hil-’-~m~.]"ll-¢].
NEI'—((((!(.ll‘-‘o“k'—':-T‘--.ﬂlIf)”rhh'“774'.'J?li'&'-li»)¢'.4-i0.bhl'>'m)"("
Zc'l?.f:i'llr"l)='-11-—'.l‘.'ll'.’l‘()(—lldl’.)fi?
h(*".“—.xtIF‘-‘((lIH—.,"}-i_-f\t"lt.'.-’«‘n‘l';/lf-—j)‘14—.0.?")0#.?‘41)"1‘-'.4»60‘.7M‘-‘H
20T 6—=6, 068146481 )% la+146,222222)%]146=4,)
ISH":N((((((.lu'»!)u'r»l.ultw—.~7wﬂ-m—2)*]44.le'I'IZ(ru;-‘-ll--P.':H167';1)#
2T16411.377118)6T4=-10,56666713144,5)

BES=CMPLXPER, HET) S

RES1=. 70710 72CHet X (LERP-BETIP,8ERP+UT 1P}

Gn 70 100

XP=,707106H1<X

X1=1a/%

F=({=.0459205%X 1+, 1GO625F -2 15X 1+, 0ER38R3S )eX1+1.
'l=((—.Olv"(H“.'-‘l'-'(l*.”t-?‘))*;‘.l-.OHHl‘-HH?\t))"xl-.S‘Jhmquhxb’
BES=F=CHPLXICUSTIT) SINIET))
F=((.112902315%14.0%915625)5X]1~-.26516505)=X]1+1.
T=((.ll!;ﬂ’)’llh“(l*.Ir7':)1“’(10.2(15':)(;‘)05)#)(1'].)78()9/20)&!-’
BES1=FsCUPLAICUSIT)SINITI)

100 2S=-CMPLX(ley—1.)etTA=BES/BESY/SOT/SOSHE

S=
RETUSN
Ei‘D

Fig. 15. Subroutine ZSURF.
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ABSTRACT

A computer program is presented for a thin-wire anterna over
a perfect ground plane. The analysis is performed in the frequency
domain, and the exterior medium is free space. The antenna may have
finite conductivity and lumped loads. The output data includes the
current distribution, impedance, radiation efficiency and gain. The
program uses sinusoidal bases and Galerkin's method.

g ki



TABLE OF CONTENTS

I INTRODUCTION
IT: THE INPUT DATA AND SUBROUTI-E IWIRE
IIT. THE MAIN COMPUTER PROGRAM

Iv. AN EXAMPLE

V. SUMMARY AND CONCLUSIONS
RERERENCES
APPENDIX
35 Subroutine ANTI
2 Subroutine CROUT
3. Subroutine EXPJ
4. Subroutine IDANT
5, Subroutine IFFLD
6. Subroutine ISORT
Vi Subroutine PDISS
Stbroutine ZFF
9z Subroutine ZGMM

10. Subroutine ZGS
1535 Subroutine ZSURF

sl
12
13
13

1105

15
16
47
17
18

19
21



Figure

10
11
12
13
14
15

LIST OF FIGURES

~ Subroutine IWIRE

The MAIN computer program

Points and segments on a simple wire antenna
lying in the xz plane

Mode map for the antenna shown in Fig. 3
Subroutine ANTI
Subroutine CROUT
Subroutine EXPJ
Subroutine IDANT
Subroutine 1FFLD
Subroutine ISORT
Subroutine PDISS
Subroutine ZFF
Subroutine ZGMM
Subroutine ZGS

Subrcutine ZSURF

iv

Page

22
24

27
31
32
35
36
37
39
41



I. INTRODUCTION

Reference 1 presents a computer program and reference 2
presents the theory for thin-wire antennas and scatterers in a homo-
geneous conducting medium. The present program differs from
reference 1 only in the following details:

The exterior medium is free space.

The antenna is situated over a perfect ground plane.
The wires nave no dielectric sleeves.

The frequency is real.

Scattering problems are not considered.

Danow

To avoid unnecessary duplication, it is assumed the reader is
familiar with the program in reference 1.

The program handles antennas constructed of straicht wire
segments. One or more segments may connect to the ground plane, or
the antenna may be situated some distance away from the ground
plane. No segment has both endpoints on the ground plane., This
program can readily be modified to handle more general situations
as in reference 1. The program uses the delta-gap model for the
generators.

The method of images is employed to reduce the problem to a
thin-wire structure in free space. The user sets up the geometry
of the real wire configuration, and the program automatically sets
up the image. If unlimited storage were available, one might set up
a large mutual-impedance matrix for the wire antenna and its image
in free space. Instead, this program takes edvantage of the ground-
plane symmetry and sets up the compressed matrix C(I,Jd). Only the
currents on the real segments are treated as independent unknown
quantities, and the image currents are dependent. All the currents,
however, are influenced by the mutual couplings among all the seg-
ments including the images. In taking advantage of the mirror
symmetry, we lose the advantage of having a symmetric matrix.
However, the net gain in computational speed and storage is
substantial.

In practice, many wire antennas operate over a ground plane
with finite conductivity and finite extent. In many cases, however,
one may substitute a perfectly conducting ground plane of infinite
extent without unduly disturbing the antenna current distribution or
impedance. After these quantities have been calculated, one may
then take into account the finite ground plane in calculating the
efficiency and patterns. The present program, however, assumes an
idealized ground plane throughout.

The remaining sections present the computer program with
enough explanation to enable an experienced engineer to use it.

p—



IT. THE INPUT DATA AND SUBROUTINE IWIRE

Fig. 1 is a Fertran listing of subroutine IWIRE. This
subroutine is used to set up the input data. The following data
must be read or programmed in IWIRE:

AL
CMM
DPH
FMC
TH

wire radius a/i

wire conductivity in megamhos/m

increment in far-field angle ¢ in degrees
frequency in MHz

elevation angle ¢ in degrees for far-field pattern

To define the shape and size of the wire antenna, the input
data includes the coordinates XC(I), YC(I), and ZC(I) of the wire
endpoints, terminals and other current sampling stations along the
The unit of length is selected by the user, and SCALE
is the conversion factor such that XC{I)*SCALE gives the coordinate
of point I in meters. NPGP denotes the number of points on the
ground plane, and NRP is the number of real points including those
on the ground plane. vuoordinates are supplied only for the real
points. The ground plane coincides with the xy plane.

wire axis.

NRS denotes the number of real segments, and NSGP is the
number of real segments having an endpoint on the ground plane.
For each real segment J, the input data specifies the endpoints
IA(J) and IB(J). In assigning index numbers to the segments, the
lowest numbers must refer to those having an endpoint on the ground
plane. In assigning inZex numbers to the points, the lowest numbers

must refer to those on the ground plane.

Set IWRCJ = 1 to obtain a writeout of the 4~ “enna currents;
otnerwise IWRCJ = -1. Set IWRITE = 1 to obtain a .riteout of the

antenna geometry; otherwise IWRITE = -1.

If INT = 0, the rigorous

closed-form expressions will be used for the mutual impedance of
sinusoidal dipoles and the calculations will tend to be slow but
If INT is a positive integer, Simpson's rule will be
used for the mutual-impedance calculations. The closad-form ex-
pressions are always used automatically for the most critical

accurate.

impedances .

We usually use INT = 0 for multi-turmn lonp antennas

with closely-spaced turns, and INT = 4 for general purpose.
Simpson's rule uses INT integration intervals. Thus the accuracy
and the execution time tend to increase with larger values of INT.

Set NLD = 0 if there are no lumped loads; otherwise NLD = 1.
ZLD(J) denotes the impedance (in ohms) inserted in segment J at
endpoint IA(J). A lumped load at endpoint IB(J) 1s denoted by

ZLD(J + NRS).

The user sets up on.y the real generators and lumped

loads, and the program takes care of thr images.
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[y 30 oI5 o THS :
VG =(.0,.0)
10 /Lt =1.0,,0)
SET UK Tk kbAL GENE<ATORS AND KFAL LUMPED tuabS
JGh=4
VGLIOR) =114 06 )
NLD=0
INT=4
IWRITF=1
TWRC -1
AL =,0001
CMM=1,
DPH-20,
FMC =175,
SCALE=1.
TH=KY,
NSGPr2
puce-2
KRS =4
NRP =9
NS=2¢NES
NP =2aNRP=NP(.Y
WRETF(O,a)INV N TNS NS
JE(RS,GTe INS otis, KPP, GTLINPIGO 1D 600
DO 20 121 NRP
XCt1)1=.0
YC(1)=,.0
20 ICL11=.0
NEXT SET tip THE =EAL POINTS
XC(l)=1.
XCt3)=1.
LET 3} .5
2C(6)=.5
XEAS) =) TOT
LYY=, 207
NEXT SfT 0P Tk KEAL SEGMENITS
IA(l)=1
Ihil)=3
TAC2)=2
Wt 2)=4
1a(3)=3
IHhe3l=4
TAala)=3
11 (a)=S

600 KETukN

END

Fig. 1. Subroutine IWIRE.
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The generator location is defined by JGN. The numbering
system for the generators is the same as for lumped loads. If the
generator is to be inserted in segment J at endpoint IA(J), the
generator index JGN is the same as the s2gment index J. To inscrt
a generator at endpoint IB(J), set JGN = J + NRS. VG(JGN) denotes
the complex vcltage of the generator. The reference direction for
these voltages is frem IA(J) toward IB(JL. If the antenna is fed
with several gencrators, delete JGY and merely input the generator

veltages VG.

PP and NS denote the number of points and segments, re-
spectively, for the complete system (antenna and imige) in free space.

[1T. THE MAIN COMPUTER PROGFAM

The main computer program is listed in Fig. 2. This program
calls subroutine IWIRE for the input data. Then it calls subroutine
ISORT to generate and store the data for the image points and image
segments and the length DC(J) of each segment. Tnen ISORT generates
a list of sinusoidal dipole modes for the complete system (antenna
and image) in free space. Dipole mode 1 has seqments JA(1) and
JB(1), terminals at point 12(I), and endpoints 11(1) and I13{I).
This subroutine also generates the following information:

ND(J) number of dipole modes sharing segment J
10(J,K) 1list of dipoles sharing scqment J

HCM cize of the compressed matrix :

N number of dipole modes on the complete system

The following quantities must be specified in the main program:

ICC dimension for the compressed matrix C(I,J)
ICJ dimension related to number of dipole modes N

INP  dimension related to nurmber of points KNP
I dirension related to number of segments NS
In Fig. 2, all quantities having the sare dirensions are dimens vried

in the same or adjacent statements. The numerical values assianed
to ICC, ICJ, INP and INS must agree with the 4imensions actuzlly
reserved for the corresponding quantities in tne COMPLEX and
DIMENSION statements. I[ICC, ICJ, INP and INS must be at least a-
large as NCM, N, NP and NS, respectively. In Fig: 2, the main
pregram is dimensioned for up to 150 modes, 90 points, 100 seqgments,
and a compressed matrix as large as 30 by 30. If the wire renn =
makes no contact with the qround plane, the compressed matr x will
be exactly half as large as the full matrix. Otherwise LM is soir-
what larger than N/2.

£
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INCLUDE ANTISCRUGUT iEXPOSIDANTIIFFLDSISORT S IWIRESZFF2ZGMM;26S
INCLIE FDYSS 7 SURE &
IM=WIRKE AMTENNA WWEK PEREFECT GROURD PLANE

SINUSOINAL=GALSREIN FREDUENC Y=INIMATN
PROGRAM GRIGINATED BY J. s RICHMUOND, (OHIU STATF UNIVERSITY

COMPLEX FRileh TH YY1 211,474

COMPLEX €30, 30)

COMBLEX) CJ 1507 EPEL50), ET1%50), EPP{L50)  ETTLL50)5 VIULS0)
COMPLEX VHL150) 7L 15D)

DIMENSTON XC(Y0) s YCI9D ), 2C(90) 4 X(40),Y(90),2(50)

OIMENSTUN DELOD) 00 100)

DIMENSION TALTOU), IREIO0) D100, 4) ND(100)CDR(1G0) ,SUK(100)
DIMENSTON 110190, 120150),13(0150),JA1150),4R8(150

DATA Pl,TP/3.1415%9.6.28318/

FORMAT(RY, "JPP =10 15, 95Xy "HAK= 1, 155 5K, "MIN=', 15,5X, 'N=t,15,5X,
2'NCM=1,1%)

FORMAT{EX, VALS 4y k8,6, 9%, FCMMz BB AyHX, 'FMT =", F8,2)

FORMAT (BXy "CFE= 1 FTa203Ky AV =05 2R 106y 3Xy $ 71121, 2F8.2)
FORAAT(BY ¢ VI oY VT HE BX, YDOBP Vs TXy "OBT V7%, "GPPV, IX 'GCTTY)
FIIRAAT (1110

FORMAT(1X,2F10.0,4F10,2)

1CC=30

1CY=150

INP=G0

INS=100
E GFUMEIRY OF THE THIN-WIRE STRUCTURE 1S SPFCIFIFD IN SUB., IWIRE
CALL PWIREC A, TRy INPy TNS, TN, JWRC O, Twn FTE LD NPy NS, NrP,
2NRS o NPGP (NSE AL G Ct g DPH, EMCy SCALE o Thy VG XC W YC, ZC 2LD)
TE(NSER LT PGP )Y G TO 500

JEINS BT LIRS Nk, WPGT, INPIGH 1) 500

CALY ERORT AL 18 BE EEI I MES THRIES o 4 be IR 12y dfs I ke
2MAX G MIN MO N NCH N NP NG P NRS G NPGP, iIvSGP 4 C e XC o YC,2C)

M = SIZF fiF CUMERESSED MATRIX C(1,J)

JPP=NCM=NEOP

WRITF(641 )PP, MAXMIN, Ny NCH

WRITE(A.5)

AK=1P%AL

WAV =300, /FMC

WRITE(H,2)AL CMM, Fio€

WRITE(6H,H)

TPL=SCALE=TP/wAY M

IFIN.LE.O LOR, NeGTL.ICIIGHD TO 500

IF(NCHA,GT.ICC)GU T 00

1IF{MAX.LE.O .UR. MIN,LE.O0)GD TO 500

Dy 90 Jd=1,MS

DCSY=TPLENC LD )

00 100 I=1,ixp

XU1)=TPL2X0LT)

Yi(3 PR G 1)

Z(D)=TPL=2C(T)

CALL TOANT (1A T8, TCC, INSy INT 110129 12,JA4J8.0PPMDNyNCh,
ZND oL Dy NP NPGR  NLS NS AK g Ty CMM, Dy FMC o CDK o SDK s Xs Y32 o ZH4 2L D)
[F(M.EQ.0NGO 10 500

f12=1

calt ANTICIAVIBy 110125 130 1WRCS [RRITELT12,1CC, INS, JA,JIB,
2JPP B0 NG NCM D G HNL e INPOP g MRSy kS 3 Cy CDK o SDX e CO o CMMa B EFF 4G o VGy VI
3Y11.71)47H, /L1

JF(112.NF. 12060 10 500

WRITHF(G3IEFFs YT L2111

PR RO 1 s ANDLL ERF . E6 L0, 360, TU 500

WEITE(L,S)

LIM=]1,.54360./0PH

Fig. 2. The MAIN computer program.
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WRITF(6,4)
DO 300 ‘IPH=1,L1IM

PH=DPHS (1PH=1)
CALR TFELDET AL TR INS, [, 120 13,40, NyNO NS, CULCdy Dy

2EPPLETT FPHyETH, CyCPPGTT, PH, SO%s THy X3 Y9 2)
DRP=.0
DaT=.0
lﬁ(nrv.nl.n,)uuv=1v.vA|nuinluvv) 4
TFCGTT.GT. 00 )BT =10, 5ALOGIOGTT)
300 HWRITELH,A)PH, THDRP L ORT,GPP,GTT
500 CALL.EXIT
END

gy 2. - The MAIN computer program - continued
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. IFFLD is called once for each look angle (6,¢).

X(1),Y(I) and Z(1) dencte kx, ky and kz for point I, where
k = 2n/x. If calcuiations are desired for a given antenna at several
frequencies, the frequency DO LOCOP will begin just below the call to
ISORT.

The main program calls subroutine IDANT to generate the com-
pressed open-circuit impedance matrix C(I1,J). 7Then subroutine ANTI
is called to obtain the current distribution CJ(I) and the radiation
efficiency EFF. ANTI also calculates the complex power input to the
antenna, denoted by Y11, and the time-average input power G. If the
antenna has only one generator and VG(JGN) = (1.,0.), then Y11 and
Z11 denote the antenna admittance and impedance, respectively.

Finally, the antenna pattem is obtained by calling subroutine
IFFLD. TH and PH denote the spherical ccordinates 6 and ¢ {in
degrees) of the distant observer. GPP and GTT denote the ¢-polarized
and 6-polarized power gains, respectively, and DBP and DBT are the
decibel versions. The user may want to increment 6 as well as ¢ ,
but this will require only a trivial change in the main program.
When ¢ = 90°, GPP

will vanish if the prcgram has set up a valid system of images. .

IV. AN EXAMPLE

Fig. 3 shows a simple antenna and its image, with a dotted
line to indicate the ground plane. In Fig. 1, subroutine IWIRE sets
up the following input data for this antenna:

VG(4) = 1 unit voltage generator at endpoint IA of segment 4
NLD = 0 no lumped loads

CMM = 1 the wire conductivity is 1 megamho/m

NSGP = 2 2 real segments connect to the ground plane

NPGP = 2 2 points on the ground plane

NRS = 4 4 real segments ]

NRP = 5 5 real points

This planar antenna has & points (NP = §) and 8 segments (NS = 8),
and the numbering system is shown in Fig. 3. Note that the lowest
numbers are assigned to the two points on the ground plane and the
two segments terminating on the ground plane. The points and seg-
ments must be labeled with consecutive positive integers 1, 2, 3,
For a given segment J, it makes no difference which end is labeled
IA(J). In Fig. 3, each numeral located near a dot is the index I
of that point. Each numeral located near the center of a line is

the index J of that segment.
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Fig. 3. Points and segments on a simple wire antenna
lying in the xz plane.

Fig. 4 shows the same antenna and the eight dipole modes
defined by subroutine ISORT. The arrows indicate the reference
directions for the mode currents and voltages. The mode index
number I is placed near the terminal point I12(I). Mode I is a
sinusoidal basis function which vanishes at the endpoints I1{I)
and I3(I) and has unit current at the termminal point. These are
overlapping subsectional bases, and mode I extends over two inter-
secting segments JA{I) and JB(I). The reference direction for mode
currents and voltages is from Il to I2 toward I3. In Fig. 4,
modes 1 and 2 have termin:ls at the ground plane, with segment JA
above and segment JB below the ground plane. This type of mode has
no image. Modes 3, 4 and 5 have images. The size of the compressed
matrix is NCM = 5. If we did not take advantage of the ground-plane
symretry, the matrix size would be N = 8.

Table I presents some of the output data for this example
and Table II lists the elements of the compressed matrix C(I,J) on
return from subroutine IDANT. From Table I, the calculated imped-
ance is Z11 = 959 + j 664 ohms. For the same antenna with perfect

8
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Fig. 4. Mode map for the antenna shown in Fig. 3.

conductivity, Z11 = 879 + j 749 ohms. The calculated results
should not be considered accurate without checking the behavior as
the wires are subdivided into more segments. The longest segment
should not exceed »/4. The thin-wire and delta-gap formulations )
are justified most readily if the wire radius does not exceed 0.007x.
Fortuitously, satisfactory results are often obtained for ciosed
wire lcops even when the wire radius is as large as 0.02x. For
dipoles, an upper limit of 0.007) is recommended.

With 20-ohm resistive loads inserted in each end of each
segment of the antenna in this example, the calculated impedance
is 710 + j 206 ohms and the efficiency is 45.5 per cent with CMM = 1.
With and without lumped loads, the results obtained with the present

computer program show satisfactory agreement with those obtgined
with the program in reference 1. (A new version of subroutine SGANT

was used for these tests because the original version in reference 1
does not always handle Tumped loads properly.)



TABLE 1

INP= 92 NP= 8 INS= 108 NS= 8
J 1ACJ) 1BCJ) _K_IACK) 1BCH)
1 1 3 S 1 6
2 2 4 6 2 7 .52200
3 3 4 7 6 7 1.08008
4 3 5 6 6 & .99985
1 XCCID T GO L J ¥oad YC () 2C()
1 1.09008 ©.04802 28
2 P.gVB00 0.80200 B.d202d
3 1.00830 ©0.20000 .58000 6 1.00000 0.600¢8 -.52020
4 B.00000 0.20200 .52000 7  ©.00820 0.68032 -.53092
S 1.72728 2.00480 1.2¢722 8 1.790702 B.22200 -1.28722
X SRRl I . 1 20 .13 K CJan s aB otk L2 13
1 1 3 3 1 6
2 2 6 4 2 7
3 1 3 1 3 4 6 5 7 1 6 i
4 3 4 4 3 5 7 7 & 7 6 8
s 2 3 2 4 3 8 6 7 2 7 5
JPP= 3 MAX= 3 MIN= 1 n= g NCM= s
AL= .200100 CHM=  1.0820 FMC=  75.00
J= 4 VG(J)= 1.20 0.00
I___MASNITUDE  PHASE_ 0 RERL IMAGINARY
1 1.008 99.9 -.e2as44l -0e311ea
2 .872 91.1 -.0232527 .0027537
3 «732 -77.8 .@304892 -.0222579
a 271 -34.7 .8827048 -.0002880
s .638 ~85.1 «8801362 -.8220153
EFF= 92.44 Yll=  .022705 -.023488 2Zll= 959.87 664.07
Pil TH n3P DST GPP. 67T
0. S 0.0 <65 e.oz 1.14
20. &5 . -47.44 1.24 .20 1.33
48, 85 . -39.49 2.63 .20 1.83
68. 8S. -33.35 417 .00 2.61
80. 8s. -29.46 5.31 .00 3.40
100. 85. -27.93 5477 <2 377
10




Compressed Impedance Matrix

TABLE II

Pe c(1,d) G

i .1 =5 7205 6.7 -3 720.5
L2 TGS B 1.5 =3 - 67
i3 -15.9 -j 1059.9 - 7.9 -3 529.9
L. 4 8.8 45 » 168 B T
"5 ~ 52095/ 83.0 + 2,643 61.8
% 29 16.1 - 7205 16.1 -j 720.5
2 4 = boddn 1RO 2.6 4§ " 1B1L5
2. 4 S S O S 6.4~ 386
o 45 -15.9 -3 1059.9 - 7.9 - 529.9
33 21,2 =5..326.0 21.2 -j 326.0
3.4 w90 i 1276 5. 9.2 3., 22uB
305 B =908 9 3950 29,2 4y. 3968
4 4 51.3 +j  60.8 51.3 +j 60.8
e e 22.1 +j 420.9 22.1 +j 420.9
5 5 21,2 -3 326.0 21.2 -j 326.0

V. SUMMARY AND CONCLUSIONS

A computer program is presented for a thin-wire antenna over
The analysis
is performed in the frequency domain, and the exterior medium is fice
space. The antenna may have finite conductivity and lumped loads.
The output data includes .he current distribution, impedance, radia-
tion efficiency and gain.
Galerkin's method and takes advantage of the ground-plane syrmetry

a perfectly conducting ground plane of infinite extent.

to reduce the storage requirements and computation costs.

The program uses sinusoidal bases and

The

subroutines are included in alphabetical order in the Appendices with

a brief explanation.

11
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APPENDIX 1. Subroutine ANTI

Subroutine ANTI is listed in Fig. 5. Between statements 14
and 30, this subroutine sets up the excitation voltages CJ(I) and
VJ(I) with the aid of the delta-gap model and the input data for the
generator voltages VG(J). ANTI calls CROUT to obtain a solution for
the simultaneous linear equations. On retum from CROUT, the dipole -
mode currents are stored in CJ(I). The image currents are stored
in CJ(K) in the DO LOOP ending with statement 80. The DO LOOP
ending with statement 90 calculates the complex power input Y11 and
the time-average power input G. The power dissipated (DISS) in the
Tumped Toads and the imperfectly conducting wire is obtained by
calling PDISS. Finally, the radiation efficiency EFF is calculated.

If IWRCJ is positive, ANTI writes a list of the dipole mode
currents CJ(I). This list includes the normalized current magnitude,
the phase in degrees, and the real and imaginary parts of the
current.

APPENDIX 2. Subroutine CROUT

CROUT, listed in Fig. 6, solves a system of simultaneous linear
equations with complex coefficients. This subroutine uses the method
of P. D. Crout. Although this subroutine does not use pivoling, it
is efficient and accurate in the present application. The input
data are defined as Tollows:

c(1,J) complex coefficients in the simultaneous equations
S(I) excitation colum

1CC dimensions of C and S

ISYM zero or one for symmetric or nonsymmetric matrix
IWR one or zero to write or suppress the solution

112 one or two if C is original or auxiliary matrix

N size of the square matrix C

Of course, N must not exceed ICC. If IWR is a positive integer, the
solution will be printed out with the foliowing definitions:

I index number of the solution S(I)
SNOR normalized magnitude of S(I)

SA absolute magnitude of S(I)

PH phase of S(I) in degrees

On the first call to CROUT, C(I,J) contains the original
matrix. I12 = 1 and CROUT generates the auxiliary square matrix,
overlaying it in the same location C and destroying the original
natrix. Then CROUT proceeds to generate the solution, storing it 1in
S(1) and destroying the original excitation coiumn.



Next we might want another solution of th. ame system of
similtaneous linear equations but with a new ex: 1ition colum. This
could be obtained by recalculating the original matrix C(I,J) and the
new excitation column and ‘calling CROUT again with 112 = 1. However,
there is no need. to recalculate C(I,J). Instead generate the new
excitation colum, set 112 = 2 (or any integei other than 1) and call
CROUT again. CROUT uses less computer time when 112 differs from 1.

APPENDIX 3. Subrout ne EXPJ

Subroutine EXPJ, listed in Fig. 7, evaluates the exponential
integral defined as follows:

V2
_V d
W12 = € ¥ =, (V1) - E;(V2) + j 2nn
Vv
Vi

where the integration path is the straight line from V1 to V2 on the
complex v plane and

-t
£zl = J Q—E—QE ‘
z

E,(z, denotes the principal branch of the exponential integral. To
generate W12, EXPJ calcuiates E,(V1), subtracts E,(V2) and adds j2nm.
The integer n is zero unless the straight-line integration | -th

intersects the negative real v axis at a point between V1 and V2.
When there is such an intersection, n = 1 if V1 lies in quadrant 1 or

2 and n = -1 if V1 1ies in quadrant 3 or 4.

14



APPENDIX 4. Subroutine IDANT

Subroutine IDANT is listed in Fig. 8. This subroutine stores
the quantities CDK(J) = cos kd; and SDK(J) = sin kdj where dj is the
length of segment j. The proggam writes AK, DMAX and DMIN and aborts
e

a. the length of the shortest éegment is less than the wire
radius, or

b. the Tongest segment has a length d such that kd exceeds 3,
or

c. the wire radius a is such that ka exceeds 0.1.

IDANT calculates the elements in the compressed impedance
matrix C(I,J) as follows. Select a source segment K and a receiving
segment L, where X and L range from 1 to NS. The mutual impedances
P11, P12, P21 and P22 between the two segments are obtained by calling
ZGMM if K = L, ZGMM if the segments intersect, or ZGS if segments K
and L do not intersect.

Now select a test dipole I sharing segment K, and an expansion
dipole J sharing segment L. Add the appropriate segment-to-segment
impedance to the dipole-to-dipole impedance C(1,J). When this
procedure has been completed at statement 200, the impedances C(I,J)
are appropriate for a perfectly conducting thin-wire system with no
Tumped loads. ;

Between statements 200 and 262, the impedance matrix C(I,J) is
modified to account for the finite conductivity of the wire antenna.
The surface impedance ZS is obtained by calling ZSURF. For each
segment K, the program selects a test dipole I and an expansion dipole
J sharing this segment. The centribution to C(I,J) associated with
finite conductivity is ZSAM if dipoles I and J have terminals at the
same end of segment K, and ZOPP if they have terminals at opposite
ends. C(I,J) is not affected unless dipoles I and J share one or
two segments.

Between statements 262 and 280, the impedance matrix is modified
to account for the lumped loads. Each diagonal element C(I,I) is
modi fied by adding the impedance of the lumped load inserted at the
terminals of mode I. If modes I and J share a segment and have termi-
nals at the same point, C(I,J) is modified by adding or subtracting
the impedance of the lumped load inserted at the terminal end of
this segment. (Add or subtract ZLU if mode currents I and J have the
same or oppcsite reference directions on the shared segment.)



APPENDIX 5. Subroutine IFFLD

Subroutine 1FFLD, listed in Fig. 9, calculates the far-zone
field or the thin-wire antenna.

Let (r,e,¢) denote the spherical coordinates of the distant
observer, ana let Eg(I) and E,(I) denote the electric field intensi-
ties of dipole mode I with unit terminal current. Then

EPP(I) = (r/2) edkr E.(1)
ETT(I) = (r/2) e3X" Eg(T)

The field of sinusoidal dipole mode 1 may be regarded as the sum of
the fields of each of its two segments. The field of segment K is
obtained by calling subroutine ZFF, and EPP(I) and ETT(I) are
generated by adding the appropriate numbers obtained from two
different calls to ZFF. In the D) LOOP ending with statement 260,
the antenna field is calculated as a weighted sum of the mode fields
as follows:

N

EPH = § CJ(I) EPP(I)
1

N
ETH = % CI(1) ETT(I)

where CJ(I) denotes the terminal current of mode I and EPK and ETH
denote the dimensionless range-independent form of the antenna fields

E, and E0°

¢
G denotes the time-average input power to the antenna, and
GPP and GTT are the ¢-polarized and ¢-polarized power gains. Sub-
routine 1FFLD is called once for each angular direction. In the

input data supplied to this subroutine, PH and TH denote ¢ and & in

degrees.

This subroutine is useful for wire antennas with or without a

ground plane. For an antenna over a ground plane, IFFLD must be
supplied with information on the complete system including the image.
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APPENDIX 6. Subroutine ISORT

Subroutine ISORT, listed in Fig. 10, is described briefly in
Section IIl1. This subroutine sets up the image segments and points
and calculates the segment lengths. Then it checks the input data
for consistence. The data are considered inconsistent and the run
is aborted if

a. NPGP is greater than zero but one of the points on the
ground plane has no segment (with index J l2ss than or
equal to NSGP) connected to it, or

b. a real point situated above the ground plane has no
seqment (with index J less than or equal to NRS)
connected to it.

Between statements 32 and 50, this program calculates the
nuinber of v es N on the complete structure. The run is aborted if

the dimensions are inadequate.

Between statements 50 and 58, the projram sets up the modes
that v.i11 not have images. The number of modes of this type is
NPuP, and these modes have the Towest index numbers. Mode I has
terminal point I2(I) = I on the ground plane, endpoint I1(1) is above
the around plane, endpoint I3(I) is the corresponding image point
below the ground plane, and segment JA(I) is the lowest-numbered
real segment with endpoint I.

Between statements 58 and 65, the program sets up the rest of
the real modes. Modes of this type have the terminal point 12 on
or above the ground plane. Each of these real medes (with index I
greater than NPGP) has an image which is established between
statements 65 and 75.

Below statement 75, the last part of the program counts the
number of dipole modes sharing segment J, denoted by ND(J).. It also
stores a list of the dipole modes sharing segment J, denoted by
MD(J,K). A segment may be shared by as many as four modes.

APPENDIX 7. Subroutine PDISS

Subroutine PDISS is listed in Fig. 11. This subroutine
calculates the time-average power (DISS) dissipated in the lumped
loads and the imperfectly conducting wire. The power is calculated
for one segment at a time, and the total power dissiputed is the sum
of the powers dissipated on the various segments. On sagment K, CJA
and CJB denote the currents at endpoints IA(K) and 1B(X). RLA and
RLB denote the lumped resistors inserted in segment K at endpoints
IA and 1B.




This subroutine is suitable for a wire structure in free space
and also for a wire structure over a perfect ground plane. If there
is no ground plane, the total number of segments KS must be supplied
as the tenth calling parameter, and DISS denctes the power dissipated
on the entire structure. If there is a ground plane, the number of
real segments NRS is supplied instead, and DISS denotes the pover

dissipated on the real seagments.

APPENDIX 8. Subroutine ZFF

Subroutine ZFF, listed in Fig. i2, calculates the far-zone
field of a sinusoidal electric monopole in free space. The moncpole

has endpoints at (XA,YA,ZA) and (XB,YB,7Z3). (These symbols denote

kx, ky and kz.) Let £ denote the electric field intensity. The

dimensionless range-independent field is defined by

F= (r/\.) ejkr £

EP1 and LT} denote F. and F, for the mode with unit current at
(¥A,YR,ZA). EP2 and'E72 denote F, and F, for the mrde with unit
current at (XB,YB,ZB). The far field vanishes in the endfire direc

where GK = 0.

APPENDIX 9. Subroutine ZGMM

Subroutine ZGMM, listed in Fig. 13, calculates the mutuzl
impedance between two filamentary monopoles with sinusoidal cu
distributions. The dipole-dipole mutual impedance in Eq. 20 o-
reference 2 is the sum of fo''r monopole-monopoie mutual impeda
The monopole impedances are calculated by ZGS with Simpson's r
by ZGMM with closeu-fcrm expressions in terms of exponential i

If the monopoles ame parallel, let the z axis be paralie
both monopolies. The coordinate origin may be selected arbitrar

S1 and S2 denote the z coordinates of the endpoints of the test

monopolie, Tl and T2 are the 2z coordinates of the endpoints of t

expansion monopole, and D is the perpendicular distance (diso]m
between the monopoles. The mutual impedance of parallel ronopo |
calculated in the last part of ZGMM below statement 110.

For skew monopoles, let the test monopole s lie in the xy
plane and the expansion moncpole t in the plane z = D. (D is the
perpendicular distance between the paralle:t planes.) If the mono
are viewed along a line of sight paralliel with the z axis, the ex-
tended axes of the two monopoles will appear to intersect at a pou
on the xy plane. Let s measure the distance along tne axis of the
test monopole with origin at the apparent intersection. S1 and S2



denote the s coordinates of the endpointcs of the test monopole.
Similarly, let t measure distance along the axis of the expansion
monopole with origin at the apparent intersection. T1 and T2 denote
the t goord1nates of the endpoints of the expans n monopole. Let
S and t be unit vectors paralle]l with the positive s and t axes,
respectively. Then CPSI =5 - T = cos Vv. The monopole lengths are
dg and dt, and the remaining input data are defined as follows:

CGDS = cos kdg
SGDT = sin kdg
SGD2 = sin kd¢

ZGMM calls EXPJ for the exponential integrals. ZGMM is
specialized for sinusoidal monopoles in free space. In ZGMM the
input data S1, S2, T1, T2 and D denote ks;s ks, kul, kt2 and kd,
respectively. 0therw1se, ZGMM is the same as GGMM.

The output data from ZGMM are the impedances P11, P12, P21
and P22. In defining these impedances, the reference direction is
from S1 to S2 for the current on monopole s, and from T1 to T2 for
the current on monopole t. In the impedance Pji, the first subscript
is 1 or 2 if the test dipole has terminals at S? or S2 on monopole s.
The second subscript is 1 or 2 if the expansion dipole has terminals
at T1 or T2 on monopole t. The endpoint coordinates S1, S2, T1 and
T2 may be positive or negative. The monopole lengths dg and dt are
assumed positive in defining the input data CGDS, SGD1 and SGD2.

For parallel monopoles, CPSI =1 or -1. S1, S2, T1 and T2
are cartesian coordinates for parallel monopoles and spherical
coordinates for skew monopoles. For skew monopoles, the radial
coordinates S1, S2, T1 and T2 tend to infinity as the angle ¢ tends
to zero or n. Therefore, if the monopoles are within 4.5 degrees
of being parallel, they are approximated by parallel dipoles.

APPENDIX 10. Subroutine ZGS

Subroutine ZGS, listed in Fig. 14, calculates the mutual
impedance between two filamentary monopoles with sinusoidal current
distributions. (The dipole-dipole mutual impedance in Eq. 20 of
reference 2 is the sum of four monopole-monopoie mutual impedances.)
The endpoints of the axial tesi monopole s are at (XA,YA,ZA) and
(XB,YB,ZB), and the endpoints of the expansion monopole t are at
(X1,Y1,21) and (X2,Y2,72). DS and DT denote the lengths of mono-
poles s and t. Dimensionless forms are used for the input data.
For example, XA, AK, DS and DT denote kxa, ka, kdg and kdt. CAS,
CBS and CGS are the direction cosines of monopole s, and CA, CB and
CG are the direction cosines of monopole t.
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If INT = 0, ZGS calls ZGMM for the closed-form impedance
calculations. Otherwise ZGS calculates the mutual impedance via
Simpson's-rule integration with the following number of sample
points: IP = INT + 1. If the monopoles are parallel with small

displacement, ZGS calls ZGMM to avoid the d1ff1cu1t1es of numerical
integration.

_Far’the fields of the test monopole, ZGS uses Egs. 75 and 76
of reference 2. The current distribution on the expansion monopele
is given by Eq. 74 of reference 2. MWith an origin at (X1,Y1,21),
the coordinate T measures distance along the expansion monopole.
Thus T is the integration variable.

Let the coordinate s measure distance along the test monopole
with origin at (XA,YA,ZA). From any point T on monopole t. construct
a line to the test monopole such that the line is perpendicular to
the test monopole. SZ denotes the s coordinate of the intersection
of this line with the test monopole. The length of the line is the
radial coordinate p, and RS denotes 2. R1 and R2 are the distances
from (XA,YR,ZA) and (XB,YB,ZB) to the point T. C1 is the current
at T for the mode with terminals at (X1,Y1,Z1), and C2 is the current
at T for the other mode with terminals at (X2,Y2,Z2). C denotes
the Simpson's-rule weighting coefficient.

Below statement 300, ZGS performs some analytic geometry in
preparation for calling ZGMM. The remaining part of this Appendix
concerns this last part of subroutine ZGS.

Let § denote a unit vector from (XA,YA,ZA) toward (XB,YB,ZB),
and let t denote a unit vector from (XY T Z21) s towakd [ X23Y2,72).,
Then € - % = cos y = CC where ¢ is the angle formed by the axes of
the two monopoles. Let monopole s lie in one plane Pg and monopole t
in another parallel plane P¢. CAD, CBD and CGD are the direction
cosines of the unit vector d = © x § / sin ¢ which is perpendicular
to both planes. To obtain the distance DK between the planes, we
construct aavector R,, from (XA,YA,ZA) to (X1,Y1,Z1) and take
R = Rey o da

—+¥D

Construct a line from (X1,Y1,Z1) to the test monopole, such
that the line is perpendicular to the test monopole. SZ denotes the
s coordinate of the intersection of this line with the test monopole,
and the cartesian coord1nates of this intersection avre XZ, YZ and ZZ.
The direction cosines of § x d are CAP, CBP and CGP.

From the point (X1,Y1,Z1) in plane P¢, construct a perpendicu-
lar line to the point (XP1,YP1,ZP1) in the plane Pg. This line is
parallel with d and has length DK. Let R rcgres ent a vector from
(XZ,YZ,2Z) to (XP1,YP1,ZP1). P1 denotes R-(s é). S1 and T1 are
defined in Appendix 9.
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Subroutine ZGS is essentially the same as GGS except the
medium is specialized to free space in ZGS.

APPENDIX 11. Subroutine ZSURF

Subroutine ZSURF, listed in Fig. 15, calculates the surface
impedance of a solid circular-cylindrical wire with exterior exci-
tation. ZS denotes the surface impedance in ohms, and the input
data are defined as follows:

AK ka, where a is the wire radius
CMM conductivity of the wire in megamhos/m

FMC frequency, MHz

The surface impedance is defined by Zg = Ez/H, where the fields E anu
H are evaluated at the surface of the wire. This subroutine calcu-
lates the impedance for the lowest order cylindrical mode with fields
E; and H, independent of ¢. The wire is considered to be a good
conductcr in the sense that the displacement current is negligible

in comparison with the conduction current. In the present applica-
tion, we require the surface impedance appropriate for the current
distribution I(z) = sin kz. For a highly conducting wire, however,
this impedance is considered to be the same as that for a uniformly
distributed current. BER, BEI, BERP and BEIP denote the Kelvin
functions ber, bei, ter' and bei' with argument x. When x is less
than 8, BES and BES1 denote the Bessel functions Jy and J, with

argument

7 = x e dn/4 .

When x is greater than 8,

.707x
Jo/BES = J,/BES1 = &—r

v‘?ﬂx
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SUBROUTINE ANTICTA IR, 1Y, 12,13, IWRCJ,y IWRITEVILZ,1CC, INS,J0,JB, 001

2JPP o MO Ny NCH NG NE L NPGP y NKS g NS Ty LKy SOK LUy CMML D EFF G4 VG, VY, 002
3Y11,21042%,2L00) 003
COMPLEX CUICCICE)oCILL)yVOLL) VI(L) o ZLDIT) 004
COMPLEX Y11.721)42ZHsCJ01. VAl DYY 005
DIMERSTION JA(L) T30 1),85001),C0AC1),SDELLY DL 1202),1200),03(1) 006
DIMENSTION MOCINS,6) 3 JALL )y R )y IGENTY )y JGEN(L S 007
EORMATEBX o 0 =0,y 155Ky SVLIJT =8, 2F 100,20 008
FORMAT(BX 'J=2y 15459%, 'L I)=",2F10.2) 069
FORMAT (10X, Y14, A%, "BAGMT TODE Yy 3K, "PHASE Y, YX ¢ "REAL® 48X, * I MAGINARY ') 010
FORMAT(1X41110,1F10.341F10.142F15.7) o1l
FORMATY ( 1%0)) 012
IF(112.GT.0)112=1 013
IFCIWRITELLELOIGD TU 14 0l4
NO 10 J=1,NKS 015
AVG=CARSIVGIJ)) 0l6
TF(AVG.6T.0.01 )ARITE(6,1)J2VG(J) i 017
WRITF(6,5) 018
IF(NLD.LELDIGD 10 14 019
2MAX=,0 020
PO 12 u=1,NRS 3 021
A2L=CABS(ZLD(.)) 0z2
IF(AZL.LT.0.0)G0 T 12 023
ZMAX =1, 024
WRITE(A,2)d,7L0(J) 025
CONT ENUE 026
IF(ZMAX.GT.0,5IWRITE(6,5) 027
DD 30 1=1,NCM 028
CHI)=(,0,.0) 029
L=2 030
Fal=1. 0531
K=JA(1) 032
1F(1.GT.NPGP}GH TO 15 033
L=1 034
FAC=2. 035
IF(IB(T)LT.K)IK=JR(]) 036
DO 25 KK=1,L 037
KA=JA(K) 038
KB=18(K) 039
JJ=K 040
FI=FAC 041
IF(KB,EO.J2(1))1GD T 22 042
JFRBEQ 11 (1 ))ET=-FAC 043
CIUL)=CIiTi+T I=VG(UY) 044
GO TO 25 045
TF(KALEQ.I3(1))FI==-FAC 046
JJI=K+NRS 047
CJEI)=CICII+F1=VG(J) 048
K=JB (1) 049
VLT Y=CI(1) 050
K=I+PpP 051
TF(T.GT NPGPIVIIK)==VI(1) 052
I1SymM=1 053
IF(N.EQ.NPGP)ISYM=0 054
IWR=0 G55
CALL CROUTIC,CJ,1CC,ISYM, IWR,112,NCM) 056
112=12 057
CMAX=,0 058
DO BO 1=1,NCM 059
CA=CABS(CJ(1)) 060
K=I+JPP 061
1IF(1.GT.NPGP)ICI(K)==CJL(I]) 062

Fig. 5. Subroutine ANTI.
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80

90

IF(CA.GT.CMAX)CHMAX=CA
TFLIWRCJ.GEL ] JWRITE(6,3)

Yil=(.0,.0)

G=1.

FFF=.0

711=(.0,.0)

IF(CHMAX.LE.OLIGD TA 500

62.0

nn 90 I=1,N

CyI=Cat 11

vJI=vJ(l)

DYY=CJI1#CONIG(YI] Y
IF(T.LELNCH)YLI=Y11+0YY

S=G4RFAL (DYY)

IF(IWRCJI.LFL,0)GI} TO 90

IRLT.GT.NCH)GH TO 90

CA=CABS(CJII)/CHAX

PH=,0 3
IF(CA.GT.1.E=30)PH=57,295TH=ATANZ2(AIMAG(CJI] ) REALICJIL))
WRKITE(O4s4)1,CA,PH,CUI

CONTINUE

TFEIWRCIGGELL)WRITE(6,5)

G=G/2.

211=1./Y11

EFF=100.

IF(CMM,LE. O, .AND. NLD.LE.C)GO TO 500

CALL POISSETIN, 1B, INS, F1,012y133MDyRDyHLDyNRS,CJyCMM,D,CDK,

2SDK,DISSZH,2L10)
EFF=100,%(6-D15S5)/6

500. RETURN

END

Fig. 5. Subroutine ANTI - continued

23

063
064
065
066
067
068
069
070
071
012
073
074
075
076
or?
078
079
080
081
oe?
083

085

086
087
088
089
080
091
092
093



L

b o )

10

i

12

15

20
A

25
30

40

H4

100

SUBROUTINE CRINIT(C S, ICC, ISYM, IWR,112,N)
COMPLEX C(ICC,1CC),S(1)
COMPLEX F,P,SS.1
FORMAT(1X, 115,18 16G.32,1F15.7,1F10.0)
FORMAT (1H0)
1F(112.NEL1)GD TD 22
FEAN,EO.T)ST1)=5(11/7C(1e))
IFI(N.EOLT)GO T0 100
JFLISYM.NEL.O)GD TO 8
DO 6 I=1,N

DO 6 J=1.N
CtJy1)1=C(1,4)
F=C(1l,1)

DO 10 L=2,N
L )=C Yy LY/P

DO 20 L=2,N

LLL=Lt~1

DO 20 I=L.nN

E=€(1,L)

DO 11 K=1,LLL
F=F=C14K)3C(KyL)
Cli,L)=F

IF(L.EO,T)GO T0 20
P=C(L,L)
IFCLISYM.EQ.0)GO TO 15
F=C(L, 1)

D8 12 K=k EL
F=F=ClL,K)=C(Ky 1)
Citit s 1 F=F /P

GO TO 20

F=C(I,L)

C(Ly 1)=F/P

CONT INUE

DO 30 L=1,N

P=ClL,L}

T=S(L)

IF(L.E0L,1)GO TO 30
LtLt=L-1

DO 25 X=1,LLL
T=T-C(LsK)2S(K)
S(L)=T/P

DO 38 L=2,N

I=N-L+1

11=1+1

T=5(1)

DO 35 K=11,N
T=T-C(1,K)*S(K)
S(I)=1

IFLIWR.LE.0) GO TO 100
WRITE(6,5)

CNOR=,0

DO 40 1=1,N
SA=CABS(S(1))
IF(SA.GI.CNIIR)CNOR=SA
IF(CNOR.LF.0. )CROR=1,
DD 44 T=1,N

$S=S(1)

SA=CABS(SS)
SNOR=SA/CNOR

PH=.0

IF(SA.GT.0.)IPH=5T,295T8BxATAN2(AIMAGISS)+REALISS))

WRITE(6,2)1,SNOR, S48, PH
WRITE(6,5)

PETURN

END

Fig. 6. Subrgutine CROUT.
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SUBROUTINE EXPJ(VINVZ,W]2)

COMPLEX EC,EL15,SyT4UC+VC,V1,V2H1242
DIMENSION VI21)eW(21)430(16):8(16)

DATA V/ 0.2228466TE (00,
20.11889321E 01,0.29927363E

20.15982874E 02,0,93307812¢F~

20.22699495C 91,0.26676221C
20.1012027?8E 02,0.13130282F
20.25623894E 02,0.31407519¢
DATA W/ 0.45896460F 00,

20.41700083 00,0.113373368F
20.B9854791F-06,0,21823487F

20. 126425R2E 00,0.40206865F~

01,0.5779)43¢F 01.0.98374674E 01,
01,0.492691174€6 00,0.12155954E 01,
014056253366 01,0.79659162E 01,
02,0.16654408E 02,0.20716479E 02,
02,0.38530653€ 02,0.44026086E 02/

00,0.10395197¢£-01,0.26101720E-03,
00,0.34221017F 00,0.2630275%€ 00,
01+0.H856387TIKE-02,0,12124361E-02,

20.111674640E-03,0,66599267F-05,0.22263149E-06,0.422164045--08,
20.39218973E-10,0.14565]152€-12,0.14830270E-15,0.16005949E-19/

DATA D/ 0.22495842E 02,

2 0.744)11568F 02, =0.61431576F 03,-0.787564339F 02 0.11256744E
2 0.16021761E 03,-0.23862195%F 03,-0.90094647TE 03.~-0.6H687a54F
2 0.12254778E 02,-0.10161976E 02,-0.67219591F 01, 0. 7U7296k1E
2-0.21069574t 02, 0.22046490t 01, 0.8972L244E 01/

DATA F/ 0.21103107E 02,

2-0.37959TRBTE (13,-0.97489220t 02. 12900672 03, 0.179449226¢E
2-0.12510931E 03,-0.55705574€ 0=, < 13524801F 02, 0.)14696721E
2 0.17949528F 02,-0.32981014% 00, 0.3)1028836FE 02, 0.81657657E
2 0.22236961E 02y 0.39124892E 02y 0.81636799E 01/

Z=V]

DO 100 JIM=1,2
X=RFAL(2)
Y=AIMAG(Z)
£16=( .0, .Nn)

CasTve e
AB=CABSI(2Z)
TF(AB.EQ.0. )G TO 90

JF{X.GE.0, +AND. AH.GT,.10.)G0O TO 80

YA=ABS(Y)

JF(X.LE.O. .AND. YA.GT.10.)GD0 TO 80

IF(YA=X,GE.17.5.,0R. YA, GE. 6.5, OR, X+YA, GE

JF{XeLEs=-9. )60 TU 40
IF(YA-X,GE.2.5)60 10 50
1F(X+YA,GEL1.5)G0 10 30

10 N=6.+43_¢AH

. E15=1./(N=-1,)-2/N%e2

15 N=N-1
E15=1,/(N=1.)=-2%E15/N
IF(NJGE,.3)GOD TO 1%

F15=2%E15-CMI'LX(.5STT216+ALOG(AB) ATANZ(Y,X]})

GO 10 90
20 Jl=1
J2=6
GO 10 31
30, "J1=T,
J2=21
31 S5=0.0.:01
YS=Y=sY
DO 32 1=J1,J2
XI=V(1)+X
CF=W(I)/(%I=X14YS)
32 S=S+CMPLX(XI*CF,~-YA®CF)
GO TO 54
40 T3=XsX-Y3Y
T4=2.6X8YA
TS5=X3T3-YA2)4
T16=X3T44YAST3

Fig. 7. Subroutine EXPJ.
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UC=CHMPLX{ND(L11)+0LC12)¥X+D(13)3T3+T5-E(12)*YA-E(13)%14,

2 E(IL)+E(12)8X+E(14)%T3+T6+40(12)3YA+0(13)%T4)

VC=CHMPLX(D(14)+D(15) %2301 16)=T3+4T5-F(15)*YA-F(16)12T4,

2 EC14)+E(LSIRX4EL16)2T34T6+0(15)1%YA+D(16)214)

GO TO 52

50 T3=xsx-y=y

Y4H=2, 2 X%YA

T5=x«T2-YA=T4

To=XxT44YASTS

TT=X=T5-YA=T6

TB=X2TheYA%IH

T9=xnY7-YA=TR -

TI0=X*TH+YA&T7 2

UC=CMPLX(DIYI)I+D(2)2X4D(3)3T340(&)2TS+D(S )2 TT+TY=(E(2)*YA4E(3)%T4
2HE(A)ETO+F(5)5TH) b (1)+E(2) 0 X+E(3)CT34E(4)STS+E(SI=TI+T10U+
3I002)%#YA4D(3) 014401612 T6+D15)=18))

VO=CHPLX(DIE)+DI 7 )=X+DIB)=T3+4N(9)cT5+D(10)=T7+T9-(E(T)=YA+E(B) T4
2+E(9)*TEAE(LIO)CIR) e (6 )+E LT )=X4E(B)xT34E(I)STS+E(10)=2TT+T10+
3(D(TIBYA+D(B)ETE+D(9)2T64D(10)%T8E))

52 EC=tiC7VC
S=EC/CHPLXIX,YA)
54 FX=EXP(=X)
T=FX2CMPLX(COS(YA),=SIN(YA))
E15=S%1
56 IF(YelLT.0.)E15=CONIGIELS)
GO 10 30
80 E15=.409319/(2+.193044)+.421831/(2+1.02666)+.264T126/(72+42.5678R)+
2.206335E-1/(2+46.90035)+.107401E-2/(2+8.182151+.158654E-4/(2+
312,7342)+.31703)E=7/(2+19.3957)

E15=E15¢CEXP(-7)

SO0 iF{JiM,.c0.1)W1Z=ELS
100 7=v?

2=v2/V1

TH=ATANZIAIMAGIZ) FEALIZ))=ATAN2{ATMALIV2),REAL(V2))
2+ATAN2(AIMAGIV])REALIV]))

AB=ABS{TH)

IF(AB.LT. 1. )TH=.0

IF(TH.GT.1.)TH=6.2K31853

IF(TH. LT.~1. ) TH==6,283]1R53

W12=W12-E15+CMPLX(.0,TH)

RETURN

END

Fig. 7. Subroutine EXPJ - continued
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SUBROUTINE IDANT(TA, IB, ICE, INS,INT,11.12.13,J4,J8,JPF,MD,N,NCH,

2ZNDNLD g NP NPGP yNRS NS, AK CoCMM D FMC,CDK, SUK Xo Yo Lo ZH,yZLDY

COMPLEX ZSyZHeP(2,)1:0(242)4C1I,25AM,20PP
COMPLEX CLICC,1CC), 2LD(Y)
DIMENSION X(1)yYU1)32C1),TACL), IB(1)4NOC]L),CDK(L1),SDK(L)4D(1)
DIMENSTON T1(1)41203),13(1).JA01),JB(1),HMOCINS,4)
DATA TP/6.2831R1/

FORMAT (BX 4 "AK="' yFRB. 635Xy YUMAX=Y  FB 45Xy 'DMIN=',F&,4)
DO 10 I=1,NCHM

DO 10 J=1,NCHM
Clled)=(.0,.0)

DMAX=,0

DMIN=100.

DO 20 J=1,NRS

DJ=D1J)

IF(DJ.GT.DMAX )DMAX=DY
IF(DJ.LT.OMIN)DMIN=0J
CDOK(J)=CNS(DJ)
SODK(J)=SIN(DY)

K=J4NRS

COK(K)=COK(J)
SDK(K)=SDK(J)
IF(DMIN.LT.AY)GD TO 21
IF(DMAX.GT.3.)GN TO 21
IF(AK.GT.0.1)50 TO 21
GO 10 22
WRITE(6,2)AK,"IMAX, DMIN
N=0

RETURN

DO 200 K=1,NS

NOK=ND{K)

KA=JA(K)

KB=1RB(K)

DK=D(K)

DO 200 L=1,NS

NDL=ND(L)

LA=IA(L)

LB=16B(L)

DL=D(L)

NIL=0

DO 200 11=1,NDK
I=MD(K,11)
IF(1.GT.NCM)GD TO 200
Fi=1.

IF(KB.EQ, 12(1))G0 TO 36
IF(KB.EQ.11(1))FI=-1,
1S=1

GO 10 40

IF(KA.EQ. I13(1))F1==1.
JS=2

DO 200 JJ=1,NOL
J=MD(L,JJ)

1IF(1.6T.J1G0 TO 200
FJ=1.

IFILB.ED. T2(J))GO TO 46
JRELBL.EOL1I(J))YRI=—1,
JS=1

GO 10 50
TF(LA.EQ.I3(J))IFY=—-1.
JS=2 2
IF{NIL.NE.O)GU TO 168
NlL=)

Fig. 8. Subroutine IDANT.
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IF(K.EQ.LIGH TU 120 . 063

IND=(LA-KA)2(LB-KA)2(LA-KB)*[LB-KB) 064

IF(IND.EOQ.Q)IGI TO 8O 065

C SEGMENTS K AND L _SHARE Nt PORINTS 066

CALL 7GSUXIKA),YIKA)2(KA)yXIKB)oY(KB)I.Z(KB)¢X(LA),Y(LA),Z(LA), 067

2X(LB) g YILB) o Z(LB) ¢ AK DK CRRIK) o SOK(K) g DL SOK(L) 4 INT, 068

! BPULa1)eP()32)sPL2y1)eP(2,2)) 069
| GD TO 168 070
i C SEGMENTS K AND L SHARE ONE POINT (THEY INTERSECT) p 071
I 80 KG=0 072
3 JM=KR 073
‘ JC=KA 074
‘ KF=1] 075
IND=(KB=-LA)*(KR-LHK) 076

FFCINDJNE.O)GU TO H2 o7

i JC=KB 078
KF=-1 07y

’ JM=KA 080
{ KG=3 081
‘ 82 LG=3 o082
JP=LA 083

i LF=-} 084
’ IF(LB.EQ.JCICO TO 83 08%
4 JP=LB 086
‘ LF=1 087
LG=0 088H

83 SGN=KF*LF ¢ 089

CPSI=((X{JP)=X(IC) ) (X (IMI=XCICHI+IY(IPI=Y(JC))2(Y(IM)=Y(LC)) 090

24(2(JP)=2(JC )= 2(IM)=2(JC)))/(DK=DL) 091

. CALL 2GMM{.0y3DKy.04DL¢AK,CUOKIK) s SDKIK)SOK(L)CFSI 092

i 2+80{ 1010 90{i02090( 29109024 2)) 093
| D0 98B KK=1,2 094
KP=1ABS{KK-KG) 095

DO 98 LL=1,2 096

LP=TABS(LL-LG) 097

P(KP,LP)=SGN2Q(KK,LL) . 098

98 CONTINUE 099

GO 10 168 100

| € K= (SELF REACTION OF >SEGMENT K) 101
} 120 S=.5% 102
‘ JF(KA.NEFLLAYS==.5 103
CALL ZGMM(.0,DK DKol .5-S),0K%(,5+45) 3 AK,COK(K) SDK(K) 4SDK(K) ¢l 104

i 29PC)s)) e (142),P(2y1)sP(2,2)) 105
{ 168 ClJ=FI*FJ*P(]1S,JS) 106
IF{JGT.NCHIGH TO 190 107

Gl Py=ClTsJ)+C 1 108

TF(1.NELJICIIT)=ClIy1)+CIY - 109

GO 10 200 110

190 JG=J-JPP 111

Clle36)=C(lsd6)-C1J 112

200 CONTINUE 113

IH=(.0,.0) 114

JIF(CMM, LE.O. )G TO 262 BS

CALL ZSURF(AK (MM, FMC,2S5) 116

ZH=2S/(4.»TP2AK) wilyly

DO 260 K=1,NS 118

NOK=ND(K) 119

2SAM=2 .8 7He (D(K)-SOK(K)®COK(K))/SDK(K)2#2 120

D0 210 11=1.NDK 121

1=MO(K, 1) 122

210 IF(TLLE.NCMICITEZT)=Ctl,1)+2SAM 123

IF(NDK.EQ.1)IGU TO 260 124

Fig. 8. Subroutine IDANT - continued
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236

240

246

250

259

260
262

264

266
268

ZOPP=?.#IH¢(ShKfK!-U(K)acoK(K))/SDK(K)°02
KA=TA(K)

KB=1K(kK)

DO 260 11=1,NDK

I=MDIK, 1)

TFLI.GT.NCHIGO 10 260
A

JEUKBL.EQ.I2(1 ) 160 T 236
TF(KB.EQL11(1))FI==],

15=1

GO 10 240

TF(KALEQ, 13(1))Fl==),

1§=2

DD 260 JJ=1,NDK
J=MO(K, JJ)

FFEI.GE. U160 TG 260

FJd=1.

TE(KBL.FO,.12(0))G0 TO 246
TF(KBoEQ. 10 gD JF=—),

JS=1

GO 10 2%0
IF(KAEQ.13(J))F)=~],

JS=2
lF(IS.EQ.JQ)CIJ:rltFJ°ISAM
lF(!S.ur.J\)clJ:FIGFJ:ZOPP
TF(J.GT.NCMIGD TO 259
Ctl.J)l=Cll1,Jh+C1J

Cldy 11=ClU, T)+C Ty

GO TO 260

Je=Jd=-Jpp

Clile JGI =T tl-dG Y=Cli

CONT INUF

TF(NLD.LE.O)GBO TO 300

DD 2R0 1=1,NCH

JJA=JA(])

Jl=JoaA

Ii2=12(1)

111=11(1)
lP(ll?.fO.lH(Jl)lJl'—‘Jl*NRS
TFCL1.LE.NPGE )G 10 270
JIB=JR( 1)

J2=Ju8
TFCTI2.60018002)102=924NRS
C(l.)l-C(lyll‘ILU(J))'lLU(J?)
JJI=JJA

DO 268 K=1,2

NDJ=ND(JJJ)

bO 266 JJ4=1,NDy
JEMO(J0D, 00)

TECL.FO. 1160 10 266
TFC12090, 6. 112)60 TO 266
Ele} e

IF(K.EQ.2)60 10 264
TFCIIOIVaNE, [L1)FT =],

CUY o J1-CUI J)+FIvZLOCI])
GO 10 266
lF(liﬂ(J).h‘L.l)ll))'l=-l.
Clled)=CUL,J)+FIeZiD(y2)
CONT [N

JII=008

GO To 2r0
IF(lH(Jl).U.NP(.P)J]:J)M«RS

Fig. 8. Subroutine IDANT - continued
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280

J 278
300

Cllsl)=Cll,y1)+2,%2L0CJ1)
NDJ=ND(JJA]

DO 278 JJ=1.NDJ
J=MD(JJA,JT)

1FLJ.E0.11G0 TO 278
1F(121J).NE.1121G0 TU 278
Fl=1.
IFCICJ)NELTTL)FT==-1.
Clly J)=Cl Ve ) #2. 5FI*ILDLIL)
CONT INUE

CONT INUE

RETURN

END

Fig. 8. Subroutine IDANT - continued
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130

13¢

140

200

260

SUBROUTINF TFFLDETA, TRy INS( I, 12417
ZEPP'FlI.FVH.FIN,H,CPP.h‘i.VH.SHK.)N
COMPLEX l?ﬂ.lln.CJl,filvf!/‘“vl.VV2

COMPLEX CItYEPPLLY ,ENTLYD

DIMENSION TACE )y LI L) WDt L COKET )

dPDGNGNDZ NS CORC e Oy
XeYudd

},f)r((ll,{)(l).l(.!l.Y(}l'Z(l)

OIMENSTUN lltl).i?(l).lﬁtll.MU!!hS.&)
OATA CJi/l.0,=<H30RBBE=2)/

THR=,0) /65430 in
CTH=COSE Tt )
STH=SIN( IH~)
PHR=,01T74533¢Pn
CPH=COSLPHR)
SPH=SIN(vHR)

D 130 =N
ETT(1)=(.Nsa M)
EPP(L)=(.0,.0)
DO 140 K=1sNS
KA=1A(K)
Kb=18(F)

CALL ZFFIXIXA)YIKA: 2IKAD,
2, CUK({K)SOKER)CTHy ST

NDZ=ND(K)

DO 140 11=14KDK
1=MDI(K, 11)

FI=1.

1F(KR,FQ. 1211160 10
LF(KREQ. 11t i) ik1==1.
EPPLYL)=FPP( [yeFlaEr]
ETT(L)=EVICI)«FinFT1
GO IR Y40
JECKAL B, 1AL FH2E =]
EPPLL)=tPP(L)eFloER2
EYT(V)=FIT(1)+F10ETZ
CONT INUE

FPH=(,04.9)
ETH=(.0,.,0)

00 260 1:1,N

FIH=E THe a1 )etTTHL)
EfM=lPuen L) eeeel)
APP=CARS(FP)
AlT=CanStEIN)
GEP=APPEARP/(30.6G)
GTTI=ATT2ATT/(3C.=6)
RETURN

END

XOKAY YIRR] 2RISR

EP et c 1L ET2.EPY €020

136

g, Subroutine IFFLD.
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SUBROUT INE ISORT( 1A, 1B, 12C, ICJ, INS, IWRITE 1Y 3125 135 dhv 05, 001

?vAx.Mlu.vn.N.Ncu.an.uv.ws.~~u.m~s,u?uv.n5uv.uc.)c.vc.Z() 6o2
DIMENSTINN USPI20) o G ) o 2C UL Y, YO ( 11.2Ct 1) 03
DIKENSION T10Y )y 320004130 by JARY Y, JBL L) 0os
DIMERSTON ALY IBE1) o MDEY}oFD(INS %) 6005

1 FORBMATLOX )PS0y 12, TLACS) Yy VXy VIBOS) Ty 12K, KT, 006

QFX LTACKEL, UXiy S IREKI Y, TX s *DC LI Y onv

2 FORMATEIX, 315, 1115.21%, 2F15.5) 2 : 0o

3 FORMAT LIX, 115,3F10.5,115%,3F10.5) 00Y
“ FIRMAT(1Y,615,1115,615) 010

[y FORMAT (1140) . 01l

6 FORBAT (5 STty S XU 1) 08 %, YC L1 A%, VG T Yy or2

20 OFe P I X G AXTET JY Vo5, YE 1IN0, 5%y VEEL S ) 013

T Frwm\n‘:(.'l'.n.'Ja'.ax.'Jn'.sx.'l!'..«x.'i.".u.'ls'. Ols
214Xy Kt (4K, CIA 3%y * Yis Ay 3K 10, 3K, V120 8%, C]B 0ls

1GPP NP+ ) Cie

NV L=NRP = PGP Ol

C NEX] S*1 0P THE IMAGE SEGMENTS Ol1R
DO 18 3=1,NKS 01y
K=J4NRS : G20
TE(K)=1ALD) . G2 1
FEOTACS ) GT NPGR ) TA(KI=TALJ)4NP] 6G22°
IBIK)=1H(D) 023

18 TREOTBOII GTONPGP ) IR =10l J)eNP] 024

C  NEXT SET UP THE IMALE PUINIS 025
00 20 1=1G6PP,NaP 626

NES R R n21
XCtJ)=X%C(}) Gze
YCLJ)=YC L)) 024

20 2C(J)Y=-2C(1} 030

€ NeAT CALCULATE Tt SEGmbwi LEAGTAS DCed) Us)
JFCIWRITELLELO)GD Ty 2. F 042

WRITE(6,5) 043
WRITE(6,1) 034

22 B0 25 J=1.NRS 044

K=1A(J) 036
L=1B(.J) 0xr
OX=XClK)=-XC(L) 034
OYeYC(KY=YC (L) f 639
02=22C1K)=2C(L) 040
OCLII=SLRT(DXSDXeDYSDY+DZe07 ) (3]
K=J4NRS Q%2
DCIKI=DCLY) i 043

25 IF(IWRITELGECTIWRITE(62)J0 TALI) o I60d),KeJAIK)SIB(K),DC(J) Oét
IFCIWRITFLLE.ONIGG 16 32 04b

WRITE(C,5) D466
WHITE (b, b 06l
DO 30 [=],NRP Ca%
JELI.GTI.NPGPIGO TO 20 (o
RRITEC 6300 XC O T YECT )b 26E 1) 056
GO T A0 : 051

ZR JElatip i 52

WRITE (643D 1o XCUEDoYCOT)o2ZCUED s JaXCUI),YCTI),2C 0D Y4

30  CUONT jris 044
WRITF(6,5) G5%

C CHFECK INPUT DATA FOR CUNSTISTENCE 056
32 N=Q . 0%7

MINZ]100 csH
MAX=100 049
IFINPGPLLE.0IGD TO 4§ (¢34
NO 3K T=i,NPGP 06 )
L=0 ce2

Fig. 10. Subroutine ISORT.
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D0 35 JU=1,NSGP 063

K=(1A(J)-1)=(IH4J)—I) 064

35 JIF(K.E0.0)L=L+] 065

TF(L LT MAX ) MAX=( 066

38 N=N+2%| -} 067

40 IF(NRPLLE.NPGF)GO TO S0 568

| ) DO 46 1=1GPP,NRP 069
L=0 070

‘ DO 44 J=],NRS 071
\ K=(TA(SI=1)%(IB(J)-1) 072
44  JF(K.E0.Q)L=L+1 073

TF(LLLT.MIN)MIN=L 074

i 46 N=N+2%(L-1) 075
! 50 IF(N.LE.O JOR. W.GT.ICJ)GO T0 500 Q76
JE(MAX.LE.O .(R. MIN.LE.OJGO TO 500 077

IF(NPGPLLE.0)GO TO 58 078

C SET UP THE MODES AT ThE GROUNL PLANE THAT WILL NOT HAVE 1MAGES 079

DO 56 I=1,NPGP : 080

J=0 081

525 J=geil 082

1 140=1A(J) 083
1BJ=18(J) 084

KK=(1AJ=1)=(18By-1) 085

IF(J.ENJNSGP)GD TO Sa 086

IF(KK.NE. OGO TO 52 087

56 JA(1)=y 088

JB(1)=J0+NRS 089

1211)=1 090

‘ 11(1)=18J 091
| G TFCIBJLEQ.I)IY(1) =14y 092
| 56 12([)=11(1)+NP] 093
i 56 I=NeGP 094
N=NPGP 095

NCM=NPGP 096

[ JPP=0 097
TF(NRS.EQiNPGP)IGO 1O 75 098

’ C SET UP THF REST OF THE REAL MODES 099
] DO 65 K=1,NRP 100
‘ NJK=0 101
DO 60 J=1,NRS 102

IND=(TALJ)~K)=(IR(J)=K) 103

\ IFCIND.NE.O)GO T 60 104

| NJK=NJK+1 105

JSP(NJK )=y 106

60 CONTINUE 107

MOD=NJK~] 108

LE(MODL.LE.0)GD TO 65 109

DD 62 1MD=1,MID 110

=1+1 111

IPD=1MD+] 112

JAI=JSP(IMD) 113

i JA())=yAl 114

JBI=JSP(IPD) 115

JBU1)=uBI 116

1101)=1A(JA1) 117

LFCTACJAT)CEQ.K)IL(1)=1B(JAT) 118

12¢ Fi=K 119

13(1)=1A(J81) 120

62 IF(IA{JBI).EQ.K)I3(1)=18(JBI) 121

65 CONTINUE 122

NCM=1 123

JPP=NCM-NPGP 124

i Fig. 10. Subroutine ISORT - continued
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70

75

C SET UP THE IMAGE MODES

DO 70 1=1GPP,NCM

K=1+JFPP

JA(K)=JA(1)+NRS
JBIK)=JBL1)+NRS

11Aa=11(1)

1ig=12(1)

11C=13(1)

11(K)=1TA
IF(ITALGT.NPGP)T1(K)=1TA+NP]
12(K)=11H
IF(11B.GT.NPGP)12(K)=11B+NPI
13(K)=11C
IF(11C.GT.NPGP)I3(K)=1IC+NPI
N=2*NCM-NPGP

MAX=0

MIN=100

C ND(J) = NUMBER OF DIROLE MODES SHARING SEGMENT J
C MD(J,K) = LIST OF DIPOLES SHARING SEGMENT J

80

Y0

100

108

110

500

DO 100 J=14NS

DO B0 K=1l,4

MD(JyK)=0

K=0

DO 90 1=1,N

JAI=JAL(T)

JBl=JB(1)
L=(JAT=J)=(JBI-))
1F(L.NE.O)GO TO 90

K=K+1

MD{J,K)=1

CUNI INUE

ND(J) =K
IF(K.GT.MAX)IMAX =K

IF(K LT.MIN)MEIN=K
IF(IWRITE.LE.O)GD TO 500
WRITE(647)

DO 110 1=1,NCM
IF(1.GT.NPGP)IGO TO 108
NRITE!b.h)l.JA(l).JB(l)'Xl(l"XZ(l).l3(l)
GO 10 110

K=1+JPP
leIE(n.h)l.JAtl).JB(I).II(I).IZ(l).lB(l).K.JA(K).JB(K).

211(K),12(K),I3(K])

CONTINUE
WRITE(6,5)
RETURN
END

Fig. 10. Subroutine ISORT - continued
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SUBROUTINE PDISS(1A, 1B, INS,T1is12,13,MD ND,NLDsNS +CJ,CMM, D, CDK,
2SDK,DISS,ZH,2LN)
COMPLEX TJ(1)y2H,CJA,CIB,2LA,2LB,200(1)
DIMENSITON COKEL)eSUKEL ) 001D 126004120204 1301),1AC1),18(1),ND(1)
DIMENSION MD(INS,4)
RH=REAL(2H)
DISS=.0
DO 100 K=1,NS
IF(CMM. LE. 0. )GO TO 10
FA=2.*RHF(D(K)-SDKIK)¢CDK(K))/SDK(K)¢‘2
FB=4. kK2 (SDK(K)=D(K)FCDK(K) ) /SDK(K)2%2
10 KA=]A(K)
KB=18B(kK)
CJA=(,0,4,.0)
CJB=(.0,.0)
NOK=ND(K)
DO 40 [1=1,NDK
I=MD(K,I1)
Fl=l.
JF(KB.EQ.12(1))G0 10 36
TF(KB. Q. F1 (T ))FI=-1,
CJA=CJIA+FI%CI(])
GO 70 40
36 IF(KALFO.I3(1))FI=-1.
CUB=CUB+FI%CYL])
40 CONTINUE
ITFI(NLD.LE.O)GH TO 50
AJA=CABSICJA) ¥ 2
BJB=CABS(CUB)*%2
KK=K4+NS
RLA=REALLILD(K))
RLB=RFAL(ZLD(KK))
DISS=DISS+AJA=RLA+RIB=RLA
50 IF(CMM,LE.0,)6G0D TO 100
DISS=DISS+FAS(CABSICJIA)=%2+CARS(CIB)%%2)
2H+FBE(REALICIA)*REAL(CIB) +AIMAGICJIAI*AIMAGICIB))
100 CONTINUE
RETURN
END

Fig. 11. Subroutine PDISS.
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SUBROUTINE ZFFIXAyYAq2ZA XBsYB,ZB,0 001

f 24CKD, SKDyCTHy STH,CPH, SPH, ET1FT2,EP1,EP2) 002
COMPLFX EJALEJB EP1,EP2:ES]1,ES2,FETL1,ET2 003

CA=(XB=XA)/0D r 004

CB=(YB-YA)/D 005

CG=(2ZB-2A)/D 006

r G=(CAZCPH+CB®SPH)#STH+LGHCTH 007
| GK=1.-6G3G 008
| S ETN=1204 - 0) 009
i E¥2=(.04.0) 010
‘ EP1=(.0,.0) 011
‘ EP2=({.04.0) 012
\ IFEGK.LT..0011G0 TO 200 013
} A=XA%STHHCPH+YAESTHE SPH+ZAXCTH 014
J‘ B=XBxSTHECPH+YR=S I HESPHIZHECTH 015
4 EJA=CMPLX(COS(A),SIN(A)) 016
EJB=CMPLX(COSIB),SINIB)) 017

J SGD=SIN(GXD) 018
‘ CGD=COS(G¥D) 019
‘ ES1=30.%EJATCMPLX(SGD-G*SKD,CKD~CGN)/GK/SKD 020
ES2=30.%FJB=CMPLX{G*SKD-SGD,CKD=CGD) /GK/SKD 021

T=(CA*CPH+CHBESPH ) 2CTH-CG*STH 022

i P=—CA*SPH+CB&(PH 023
‘ ET1=T#ES1 024
‘ ET2=T%ES2 025
EP1=P#FS] 026

EP2=P%ES2 027

200 RETURN 028

END 029

Fig. 12. Subroutine ZFF.
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SUBRNOUT INE 7GMMlSquZ'TI.T?yU.CGOSySGU!'SGOZ.CPSl.Vll.PIZ'PZI'PZZ) 001

DOUBLE PRECISIUN RI.R?.DPO.SKS.ISl.TSZ.SIl.ST2.EU.BD.CPSS.SPSl.SK 002
Z.TLl.Tl2.Tnl.ln2.SUI.UPSl'UD,lD 003

CNMPLEX E(?..Z).Fl?..Z).GAM.‘r'\1-5'12'921.97?. 004

COMPLEX EB.FC.EK.EL.FKL,&hIl.FSl.ES?.ETI.EIZ.EXPA.EXPB 005

COMPLEX FGZ(242),61(2),6P12) 006

J DATA FIA.GAM.P)/376.727.(.0.1.).3.14159: 007

| DS0=0%D 008

1 SGDS=SGD1 1 009

‘ 1F(S2.1L7.51)56D5=-SGD1 3 010
SGEOT=5G02 o1l

\ TF(12.17.T1)1S6DT=-5GD2 012

| 1F(ARS(CPS1).GT.0.997)G0 TO 110 013
ES1=CEXP(GAMEST) 014

ES2=CEXP(CAM®S2) 015

ET1=CEXP(GAMXTL) 016

} ET2=CEXP{GAM=T2) 017

! pO=D 018
pPSI=CPSI 019

I T01=T1 020
{ 102=T2 02)
CPSS=DPSI=DPSI 022

{ CD=DD/DSORT(1.00-CPSS) 023
G=C0 024

8D=CD%DPS] 025

B8=80 026

ER=CEXP(GAMECMPLX(.0,B1) 027

EC=CEXP(GAM&CHMPLX(.0,C)) 028

1 DO 10 K=1,2 029
‘ 00 10 L=1,2 030
10 EiRyLI=1.0va0) 931

TS1=TD1#TD1 032

\ 152=1D2%TD2 033
pPQ=DD*DD 034

‘ SI=51 035
‘ DO 100 1=1,2 036
‘ Fl=(=-1)%x1 037
{ sDI=S1 038
[ S15=SD1%S0I 039
§T1=2.¢SDI*#TD1*0DPSI 040

§T2=2.¢5SD1#TN2¢DPSI 041

] R1=DSORT (DPO+SIS+TSI-STL) 042
‘ R2=DSORT(DPO+S1S+T152-5T72) 043
EK=EB 044

DO 50 K=1,2 045

FK=(=-1)1%%K 046

SK=FK#SDI 047

EL=EC 048

DO 40 L=1,2 049

FL=(-1)%%L 050

‘ EKL=FKEEL 051
1 XX=FK#BD+FL%CD 052
‘ TL1=FL2TD1 053
‘ TL2=FL*TD2 054
RR1=R1+SK+TL1 055
‘ RR2=R72+5K+TL2 056
CALL EXPJ((‘-AM*CMPLX(RRl,—XX),GAM*CMPLX(RRZ.-XX).‘{-XPA) 057
‘ CALL FXPJ(GAM:CMPLX(RRI.XX).GAM=CMPLX(RR2.XX).EXPﬁ) 058
E(K.L)=E(K.L)+Pl*(EXPAvEKL+FXPB/EKL) 059
40 EL=1,./€EC 060

50 EK=1,/EB 061
062

20=501%DPS1

Fig. 13. Subroutine ZGMM.
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100

110

120

130

140

150

2C=10

EGZI=CEXP(GAM=ZC)

RR1=R1+ZD=-TD1

RR2=R2+20-TD2

CALL EXPJ(GAMxRR],GAM=RR2, EXPB)
RR1=R1-2D+T0D1

RR2=R2-20+T1D2

CALL EXPJ(GAM=RK1,GAM*RR2,EXPA)
F(1,1)=2.%SGDS*(.0.1,.)5EXPA/EGZ]
F(1,2)=2.%SGDS%(.0,1.)%EXPB*EGLI
Si=S2
CST=—ETA/(16.%P1*SGDS*SGDT)
PYLI=CSTEU{ ECLy V)+E(2, 2 2ES2=FE (142} /ES2)*ET2

A +(=F(1,2)-t(2,1)=ES2+E(1,1)/ES2)/ET2)
P12=CST#((=F(1y1)~E(2,2)%ES2+E(1,2)/ES2)%ET]
8 +( F(1,2)+E(2,1)=%ES2-E(1,1)/ES2)/ET])

P21=CSTH( (=F(2,1)-E(2,2)%ES1+E{1,2)/ES]1)%ET2
£6 F(23 2 +ELZ, INRESI-ECTy PILESEYZETZ2Y

P22=CST*(( F(241)+E(2,2)*ES1-E(1,2)/ES1)*ET]
D 4(=F(242)-E12,1)%ES1+E(L,1)/ESL)/ETY)
RETURN

IF(CPST.LT.0.)GO TO 120
TA=T1

T1B8=T2

GO TO 130

TA=-T1

TB=-T2

SGDT==-SGOT

SI=S1

DO 150 1=1,2

TJI=TA

DO 140 J=1,2

214=TJ-S1
R=SORT(DSO+21J%21J)

W=R+21J

1F(Z1J.LT.0.)W=0DS0Q/(R=21J)

V=R=-71J

IF(Z210.6T.0.)V=0S0/(R+21J)

1F(J.EQ.1)V1=V

IF(J.EOQ.1)W]1=NW

EGZ(T4J)=CEXP(GAM®Z]])

TJ=T8

CALL EXPJO(GAM=V],GAM=V,GP(1]
CALL EXPJ(GAM=W]l GAM=W,GM{ T

$1=S2
CST=ETA/(B.*P1¢SGDRS%#SGDT)

P11=CST%(GM(2)%EG2(2,2)1+GF({2)/EGZ(2+2)
2-CGDS»(GM(1)=EGZ(142)+GP(1)/EGZ(142)))

P12=CST2(~GMI2)%EGZ(2,1)=GP(2)/EGZ(2+1)
2+4C6DSH(GMILIREG2ZIL 4 1)+GP(1)/EGZ(1,1)1))

P21=CST#(GMIL)*FGZ(1,2)+GP(1)/EG2L],
2-CODSH(GM(2)%EGZI24,2)46P(2)/EGZ12,2)

P22=CST=(=GM(1)%EGZ( 1,1 )-GPLY1)/EGZ(]
2+CGNDS*(SME2)1%EGZ(241)+GP(2)/EGZ(241)

RETURN

END

1)
1)

2}
)
v 1)
))

Fig. 13. Subroutine ZGMM - continued
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‘ ) SUBROUTINME ZGS(XA-YA'ZAvXB'YH'Iﬁ'xleloZl'XZ.YZqZZ.AK' 001

2D5,CDS,SNS, 0T, SO, INT,PL1,P12,P21,P22) 002

COMPLEX CSTkal.EJ3:EJA-EJH.FRlyERZ.tTl.ElZ.PllvPIZ.PZI'PZZ'GAM 003

COMPLEX SGDS,SGDIT 004

’ DATA EIA.CAM.PI/376.727'(.0'1.).3.14159/ 005
J CA=(X2-X1)/DT 006
| CR=(Y2-Y1)/01 007
( C6=122-21)/0T 008
CAS=(XB-XA)/DS 009

CBS=(YBR-YA)/DS 010

, CGS=(ZB-ZA)/DS 01}
| CC=CARCAS+CB#CBS+C6#COS 012
1F(ABS(CC).GT.0.997160 TO 200 013

| 20 SZ:(Xl—XA)¢LAS+(Yl—YAl¢CBS+(Zl—ZA)*CGS 014
T IF(INT.EQ.0IGU TO 200 015
C6DS=C0S 016

SGNDS=CMPLX(+0rSDS) 017

SGDT=CMPLX1.0,SDT) 018

INS=2%(INT/2) 019

JELINS.LT.2)INS=2 020

IP=INS+1 021

f DELT=D1/INS 022
‘ 12,0 023
DS2=CC%DELT 024

P11=(.0,.0) 025

P12=(.0,.01} 026

P21=(.0,.0) 027

P22=(.0,.0) 028

AKS=AK* AK 029

, SGN=-1. 030

; DO 100 IN=1,IP 031
] 221=S52 032
222=52-0S 033

XXZ=X1+T&CA-XA-SZ*CAS 034

YYZ=Y1+T14CB-YA-SZ*CRS 035

227=21+412CG-ZA-SZ%CGS 036

( RS=XX22%2+YY257n2+220%%2 037
{ R1=SORT(RS+221%%2) 028
EJA=CMPLX(COSIRY)y=SIN(RL)) 039

EJ1=EJA/R] 040

R2=SORT(RS+222%%2) 041
EJB=CMPLX.COS(R2),-SIN(R2)) 042

EJ2=EJR/R2 043
ERl=EJA¢SGUS*ZllﬁEJ1$CGDS-ZZZﬂEJ2 044
ERz:—EJn=sous+zzthJzachs—7z1=&J1 045

FAC=.0 046
lF(RS.Gl.AKS)FAC=(CA*XXZ+CRFYYZ4CG*ZZZl/RS 041

ET1=CC=(EJ2-EJLSCG0S) +FE *ER] 048

ET2=CCt (EJ1~EJ2¥CGHS)+FACKER2 049

C=3.+SGN 050

| IF(INJEOL) OR, INJEQ.IPIC=1 051
C1=C*SIN(DT-T) 052

C2=C=SIN(T) 053

P11=P11+ET12C1 054

pP12=p12+ET1%C2 055

P21=P21+FT2*C] g1

p22=P22+E72%C2 057

T=T+DELT 058

§7=52+40SZ , 059

100 SGN=-SGN 060
CSI:—(.O.I.)‘ElAcOELT/(12.*PI°SGDS¢SGDT) 061

P11=CST=P11 062

Fig. 14. Subroutine ZGS.
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200

300

P12=CSTeP12

P21=CST#P2]

P22=CST#P22

RETURN

51l=(Xl*XA)=CAS‘(Vl-YA)tcuSO(Zl-ZA)*CGS Y
RHl=SORTl(Xl-Xh—Sll‘CAS)*¢2v(Yl-YA-SZlﬁCBS)‘¢2+(Zl-ZA—SZl‘CGS)°°2)
S$Z2=S71+DT=CC
RH2=SQRT((XZ—XA—SZ?*CAS)”°2+(YZ—YA—SZZﬂCBS)*‘Z*(ZZ—ZA-SZZ*CGS)*‘Z)
DDK=(RH]1+H2) /2.

IF(DDK.GT.20.5AK .AND. INT.GTV.0)GO 70 20

TF(DDK. LT.AK)DDK =4AK

CALL ZGMH(.O.US.SZI.SZZ.DDK.CDS'SUS'SDT.l..Pll.PlZ'PZIqP?Z)
RETURN

SS=SQRT(1.-CC=CC)

CAD=(CGS*CB=CRS*CG)/SS

CBD=(CAS=CG-CGS*CA)/SS

CGO=(CRBS*CA-CAS=CR)/SS
0K=(Xi—XA)“CAH*(Y1~YA)*CBD4(Zl—lA)“CGD

DK=ABS(DK)

TF(DK,LT.AK)DK=AK

XZ=XA+S2%CAS

YZ=YA+S2%CBS

22=2A+52%CGS

XPl=X1-DKeCAD

YP1=Y]1-DK=CRBD

IP1=21-DK%CGO

CAP=CBS%CGO-CGS%CAN

CBP=CGS*CAD-CAS=CGD

CGP=CAS=CBD-CBS*CAD
Pl=CAP¢(XPl—XZ)*CBPt(YPl-YZ)4CGP¢(ZPI-ZZ)

T1-7i/55

S1=T1sCC-SZ

CALL ZGMM(SI'Sl+DS.1l'Tl+DT'UK'CUS'SDS'SOT-CC.PII.PIZ.pZI.PZZ)
RETURN

END

Fig. 14, Subroutine Z6S - continued
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50

100

SURRQUT INE ?SUR#(AK.CMW.FMC.ZS)

COMPLFX BES,BFS1, 75 S

DAT 2 FIA.SOI.IP/tlh.72727,].6]4?1356,6.7831&53/

SUQMF:].FhasoklluMM/TV/FMC/H.85915)

X=AK*SOSWE
IFIX.6T.8.)60 Tu S0

T=x/8,

T2=7%7

Ta=12272

EFH:((’l((—.wﬂlp-ﬁﬁln¢.12255?£-?JvT«-.oaaawnOH;:

?—¥?.3L14Hb}?lhol}7, 77’“)""h“-)¢l«*1.
BFl:i(((((.lX’n*‘~%4T4—.Gllﬂﬁbhi)*fk~.>?lh&bl
2’7?.ﬁ)7fl?)ula»:|1.77719)bl~4lh.lt12
bi*“AxtlFél(((((—.'?Ai—h=140.~5W37F—3)°Tk-

3’]4—6.PLHIGA!);ia.ya_jd)py/)r;~~g.,
P{lV-th(l(((.u»wwi—ncTc—.:7v4bbn~2)¢l4+.l

?14!11.377/7&)-Xk—xn.5nnbo7)vTﬂo.ﬁ)
bfL-(P~Li(“l".h“I)
RESIT.10/107°CV“L>(BERP—B&IP.FFRP+RPIP)
GO 10 100

XP:.70710h81mx

Xl=1,/x

F=((—.0«50?”5~t1».190535F—?)#X1~.OthHHBh):X]+).
T=((~.Ga503ﬁhvtll-.ﬂh

25)*X]-.0355u835)*’l-.3926V907+AP
BFS:#rCMVtX(CUS(I).nIM(I))
F=(l.ll?"”!?l=rI4.H?51§62ﬁ)¢xl-.7551b505)3¥1+l.
T:((.IIAOOV/?NI*.:'iwl-‘!~.?*5‘hﬂOb)¥X]¢l.]780972’XP
BkS):i:(MPLAlCUS(7).\1N(T))
ZS=-CPPLX(I..—l.)’F]A*HES/BESI/SGT/SQSWE

RETURN

tivir

Te+2.641914)074
hyv;q_gn,ShI556)¢lﬁ
<02609253) s Tax 66047844

4077206):!6—?.51167513?

Fig. 15. Subroutine ZSURF.
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