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A PROGRAM FOR COMPUTING NEAR FIELDS

OF THIN WIRE ANTENNAS

Dah-Cheng Kuo and Bradley J. Strait
Syracuse University, Syracuse, New York

ABSTRACT

A user-oriented computer program is presented and described for
analyzing the near fields of thin wire antennas. The program is based
on the method of moments and is an extension of a program presented
earlier for computing far-field and current distributions. In general
the wires of a given configuration can be arbitrarily bent and can be
excited or loaded at arbitrary points along their lengths. It is also
possible to include wire junctions enabling treatment of special con-
figurations such as wire crosses and supporting wires for long antennas.
The subsectional approach used provides accurate results as close as omne

subsection length from the nearest wire surface.
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A PROGRAM FOR COMPUTING NEAR FIELDS

OF THIN WIRE ANTENNAS

Dah-Cheng Kuo and Bradley J. Strait
Syracuse University, Syracuse, New York

I. INTRODUCTION

In this report a method is presented for calculating the near fields
of thin wire antennas. The method is based on the reciprocity theorem for
electromagnetic fields and can be applied to problems involving thin and
arbitrarily bent wires where each wire length L and radius a are such that
L/a >» 1 and a << A, the wavelength. A user-oriented computer program based
on this method is presented in the Appendix and instructions for using the

program are included in Section IV.

It is assumed here that the current distribution for a given problem

is known and furthermore, that it has been computed using a program provided
earlier through this project [1]. The portions of that program which are
necessary for computing the current corresponding to a given problem geometry
are incorporated in the program of the Appendix. These are combined with a
subroutine based on the work of Section II that is suitable for computing any
given component of the near-zone electric field at any point near the wire

structure. (This is subject to a restriction pointed out in the next paragraph.)

The current distribution is computed using the matrix methods suggested
by Harrington [2,3]. In order to apply these methods each wire in the problem
geometry is thought of as a number of short subsections or segments counnected
together. The program presented in the Appendix for near-field computations
can be expected to provide accurate results up to (but not closer than) a
distance equalling the largest of these segment lengths from any wire surface.
Work is continuing on modifications that may provide accurate results in closer
than this. However, this effort has been hampered by a lack of reliable experi-

mental data corresponding to the regions and structures of interest.




There is another procedure, based on Harrington's work, that is also
suitable for near-field computations [4]. A corresponding computer program
is available, but not in user-oriented form. However, the method has been
used in several instances to verify results obtained with the program of

this report.

I1. APPROACH BASED ON RECIPROCITY

For antenna problems the reciprocity theorem states that

- -> - -3
fEl © J,dv = f E, - Jldv (L

v v

-+ > -> >
where Jl and Jz are source current densities, and El and E2 are the

corresponding electric fields. The reciprocity theorem can be used to

find the near field at a given point near a radiating wire structure by
considering jl as the known current on the structure and 32 as the current

of an infinitesimal testing dipole placed at the field point in question

and oriented with the desired field component. Attention is restricted here
to problems involving thin wires where the current of each wire flows only in

its axial direction. Ifle_denotesthe wire structure and 22 the testing dipole

then (1) can be written as

- >
J E - I,df, = f E, - IldIl (2)
) 1

where Il and 12

dzz respectively. For the infinitesimal dipole it is convenient to think

are axial currents with directions indicated by dfl and

of 12 as constant over 22 as 22 + 0. Thus, (2) becomes

along 22 1222

1 -
(E;) = —l E, Ildtl (3)




The current Il is known (calculated using the program provided in the Appendix
and described earlier [1]) and EZ’ the field of the infinitesimal dipole, can

be calculated easily. Hence, (3) is a useful starting point from which the

desired field components can be found.

—
E2 can be calculated using the vector and scalar potentials as

E, = - juuk, - Vo, (%)
where [5]
1.2
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and where k = 2r/X. R is the distance from the source to the field point
in question and R is its associated unit vector. Substituting (4) - (6)
into (3) and integrating by parts yields

¢ N N ¢ dIl
{-jwu J L4, - do, + J ¢, EEI e, (D
1 g

1
(E)) =
1" along 22 1222

where use has been made of the fact that the current vanishes at the ends

of the wires.

In employing Harrington's matrix methods to determine the current of
a thin-wire antenna a series of triangle expansion functions has been used
resulting in a piecewise linear approximation to the current. This is

illustrated in Fig. 1. It was mentioned earlier that each wire is thought




Fig. la - Triangle function.

~
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Fig. 1b - Piecewise linear current approximation.

of as a number of short segments connected together, and it is noted that
each triangle function extends over four adjacent segments. It is evident
then that an even number of segments is required for each wire. The total
number of expansion functions for a given problem is denoted by NE. The
computer program presented earlier [1] and repeated in the Appendix for
convenience calculates amplitudes of these triangles which determine the
approximate current distribution. It has been shown through a large number
of examples [1,6,7] that current can be determined very accurately in this

manner for a wide variety of problems of practical interest.

The expansion of the current for the wire structure is

NE

o= \
I, = ] I'T, (8)
n=1

where Tn is the nth triangle expansion function and I& is its complex
amplitude. Inserting (8) in (7) results in

N NE dT
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In order to simplify the integrations required in (9) each triangle

expansion function is approximated by four pulse functions Pl -+ P4 as shown
in Fig. 2. The pulses approximating the nth triangle are denoted by Pnl -+ Pn

Each pulse function exists over only one segment and its amplitude is simply

4

the average of the triangle function over that segment. Note that the segment
lengths are not necessarily all the same. Similarly, the derivative term
dTn/dﬂ,n is represented by four pulses Ql -+ Q4 as shown also in Fig. 2. These

representations allow the integrations of (9) to be written as

1=1 ni
zl AIZ'ni
dr 4 (10)
¢, I' —= de. ~I' } Q ¢, dL
2°n d& 1~ "n ni 2 7"ni
1 i=1
2 AL,
1 ni
Then, using (5) and (6) for KZ and ¢2, (10) becomes
[ 4 N R [ e—ij
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where Eni is a unit vector indicating the direction of the segment cor-

responding to Pni’ and.fi.ni is a unit vector directed from the center of

that segment to the field point in question. Using (11) with (9),




Fig. 2a - Pulses approximating the nth triangle.
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Fig. 2b - Pulses representing the derivative.
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The function wni can be evaluated easily using formulas provided by

Harrington [2,3]. wéi is calculated in essentially the same wuy except

that more terms must be included in the series expar-ion of the integrand.
Thus, (12) can be used to find the component of'ﬁlin che direction denoted
by ﬁz. This enables computations of the near field of any given thin-wire
structure, subject to the conditions (or restrictions) pointed out in

Section I.

ITI. WIRE CURRENT, EXCITATION, LOADING

It was mentioned earlier that the current distribution of a wire
structure is expanded in a series of triangle functions resulting in a
piecewise linear current approximation. The computed current is printed
out as a sequence of complex numbers, each representing the amplitude of
a triangle expansion function. These numbers can be arranged as a columm
matrix of dimension M where M is the total number of expansion functions

used. Hence, the current matrix [I] is




]
Il
t
(1] = |*2 (14)
- A
This is related to the excitation voltages applied to the wire structure
by

[1] = (217 (V] (15)

where [V] is a columm matrix of M excitation voltages and [Z] is a

generalized impedance matrix. The typical element of [V], say V is the

s
complex excitation voltage applied at a position corresponding ti"the peak
of the ith triangle function. If no excitation 1is applied at that point
then the corresponding element of [V] is zero. It should.be recognized
that this allows excitation voltages to be applied at any arbitrary points
on the wire structure since both the number of expansion functions and the
lengths of the individual segments used are selected by the program user.
Thus, given the excitation voltages, the current for a given problem is
computed using (15). Elements of [Z] are computed from general formulas

provided by Harrington [2,3] and programmed earlier [1].

Wire loading is handled by defining a diagonal MxM load impedance matrix
[Zz]. The typical element (Zz)jj is the complex load impedance in ohms
placed at a position corresponding to the peak of the jth triangle.func-
tion. Of course, if the wire structure is unloaded at that point CZQ)jj
is zero. The matrix [ZQ] is then simply added to the generalized impedance

matrix and the current is given by

[1] = [[2] + [2,1177[V] (16)

Then, once the current is known the near-zone fields at points of interest

can be computed using the procedures outlined in Section II.




IV. DESCRIPTION OF THE PROGRAM

Subject to the restriction pointed out in Section I the computer
program presented in the Appendix is suitable for calculating the com-
ponents of the electric field vector at any given point in the near field
of a thin-wire antenna. The program is written in Fortran IV for use with
an IBM 360/50 computer., Complex variables are used to simplify the program—
ming and use is made of a common region to conserve memory space. Sample
input and output data are included in the Appendix along with the program
listing.

This program is limited to problems inveolving thin wires with lumped
sources and/or lumped loads at wire positions corresponding to the peaks of
triangle expansion functions. The maximum number of wires that can be handled
is four. The maximum number of expansion functions for any one wire is fifteen.
For antennas having more wires or longer wires requiring additional expansion
functions to obtain a good current approximation, the dimension statements
should be changed. All input data are provided for in the main program, as
there are no read statements in the subroutines. All FORMAT statements are

placed at the end of the main program.

In this section information is given which should enable the reader to
apply the program to specific problems of interest. Particular attention is

given to required input data.
DATA INPUT
The first data statement reads in the wavelength in meters, denoted

by WAVE in the computer program.

The second data statement reads in the total number of wires in the

problem geometry. This is denoted by NWIRE in the program.

The remaining read statements are included in DO Loop 550. This
loop iterates a total of NWIRE times. Hence the set of read statements

included also executes NWIRE times. Therefore, these five read statements




10

correspond to NWIRE sets of data cards, with each set corresponding to one

wire of the total in the problem geometry.

The third read statement reads in BA(NW),NS(NW), NF(NW), and NL(NW) where
NW is the index of DO Loop 550. BA(NW) is the wire radius in wavelengths
of the NWth wire. NS(NW) is the number of segments making up the NWth wire.
(NS should be an even number.) NF(NW) is the number of feed points.on the

NWth wire; i.e., the number of segments to which excitation voltages are
applied. (If no excitation is applied on the wire, NF(NW) = 1 and the source
is specified as a source with zero voltage.) NL(NW) is the number of loads on

the NWth wire. (If no loads are used on the wire then NL(NW) = 1 and the load

is specified as 2ZL(1,1) = (0.0, 0.0), a load with zero impedance.)

The fourth read statement reads in the positions of the feed points on
the NWth wire. For example, if excitation voltages are applied to the peaks
of the third and eighth triangle functions on the NWth wire then IF(NW,1) = 3
and IF(NW,2) = 8.

The fifth read statement reads in the applied excitation voltages at
the feed points which are specified by the fourth data statement as discussed

above.

The sixth read statement provides the positions of the loads along the
NWth wire. Thus 1f the first load on the NWth wire is applied at the peak
of the fifth triangle function, the second to the eighth, etc., then
LP(NW,1) = 5, LP(NW,2) = 8, and so on.

The seventh read statement reads in the load impedances to be applied

on the NWth wire at the points specified by the sixth data statement. These

are written as complex numbers, in ohms.

The next task is to specify the geometry. In the first place, all
antennas including those with junctions are treated as combinations of
open-ended wires. Hence, the number of expansion functions on the NWth

wire can be evaluated as

NE(NW) = NS(NW)/2 - 1 (17)
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and the number of points on the axis of the wire which should be specified

can be evaluated as

NP(NW) = NS(NW) + 1 (18)

[X(1,NW,I),X(2,NW,I),X(3,NW,I)] corresponds to the Cartesian coordinates

of the point P which is the ith point on the NWth wire. The point

specifying theNgézmetry of a wire should begin at one end and proceed with
consecutive numbering to the last point at the other end of the .wire. These
points can either be specified by reading in their coordinates or by calcu-
lating them with a generating function. 1In the sample program printout in

the Appendix DO Loops 1510 and 1520 are used to specify points on the axis
of a single stralght wire. These, of course, could just as well .be read in
point by point as data input. Generating functions for certain other commonly

encountered configurations are included in an earlier report [1].

DO Loop 560 obtains XX, XD, and TLEN, where the numbers XX are the
coordinates of the center points of the segments, XD are the direction numbers

of the segments, and TLEN are the lengths of the segments.

The generalized impedance matrix [Z] is computed using subroutine CALZ.
Modification of the matrix [Z] to include the effects of loads on the wires
is performed by subroutine CALZL. The generalized admittance matrix [Y] is
obtained by inverting the matrix [Z] using subroutine LINEQ. (Because we
store [Y] and [Z] in the same locations, the admittance matrix is still named
[Z] in the program.) The generalized voltage matrix [V] (denoted by [U] in
the program) is evaluated using subroutine BIGV. Once the matrices.[z]._l and
[V] are available, the generalized current matrix [I] can be obtained by per-
forming the matrix product in subroutine CRNT. DO Loop 30 computes the mag-
nitude and phase of thé current and prints them out along with the real and

imaginary parts. Each complex number, of course, represents the amplitude

of the corresponding triangle expansion function.

Once the current is known all that remains is to specify points at

which the near~zone field is to be evaluated and also the particular vector




YD

YD =

in the Appendix.

point considered.

components to be computed.

Thus, 1f it is desired to

ux ’ ﬁl

ﬁy © 4y

a, - ﬁl

sin 6 cos ¢

sin 8 sin ¢

cos 6

output of the Appendix.

course, must be provided by the user.

vector are printed out.

12

3

is read in using a 3x3 matrix YD defined as

at given points then YD is simply a unit matrix.

components corresponding to unit vectors u., i1

cos 06 cos ¢

cos 6 sin ¢

-sin 6

With regard to the latter suppose vector com-

ponents dencted by unit vectors ﬁl, ﬁz, i, are desired.

This information

(19)

compute the x,y,z components of the electric field

On the other hand if spherical

1, are of interest then

¢

—sin_g—

cos ¢

0

(20)

Elements of YD are read in with statements 446-454 in the printout shown

Subroutine ENEAR is used to calculate the near field at given points
of interest. The subroutine is called once for each point specified and
uses (12) to compute the three vector components desired as described above.
The X,y,z coordinates of a given point for which the field is to be computed
are labeled YY(1), YY(2), and YY(3) respectively in the program, and these, of
If the field is to be calculated at
more than one point then YY(1l), YY(2), and YY(3) must be changed for each new
This is done using DO Loop 71 in the program and sample
Finally, for each point considered the real and

imaginary parts, magnitude, and phase of each component of the electric field
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V. EXAMPLES
As an example consider a centerfed, straight cylindrical antenna. that
is two meters long and driven by an Independent voltage source of two volts.
Suppose the wavelength is 4w/3 meters and that the wire radius.is.constant
at 0.00325x. (This is equivalent to the base-~driven monopole studied by
Harrison et al. [8].) Suppose further that the wire is unloaded and that
a total of 28 segments corresponding to 13 current expansion functions are

to be used in the analysis.

The required data input for this problem is as follows:

WAVE = 4.,14879 (wavelength in meters) lst statement
NWIRE = 1 (number of wires) 2nd statement
BA(1l) = 0.00325 (radius of first wire in wavelengths)
NS(1l) = 28 (number of segments - first wire)

NF(1) = 1 (number of feed points - first wire)

NL(1) = 1 (number of load positions - first wire)
IF(1,1) = 7 (first feed point on the first wire

3rd statement

is located at the peak of the 7th triangle) 4th statement
v(1,1) = (2.0, 0.0) (excitation applied at the first

feed point of the first wire is 2.0 +j0.0) 5th statement
LP(1,1) = 1 (the first load position on the first wire

corresponds to the peak of the first

triangle) 6th statement
ZL(1,1) = (0.0, 0.0) (load impedance applied at the

first load position of the first wire

is 0.0 +j0.0) 7th statement

The problem geometry is read in by specifying points along the axis of
the wire using DO Loop 1520 and DO Loop 1510. A total of 29 points are used
to define the 28 segments making up the wire. In this example all segments
are of equal length. Of course, if a generating function is not used to
define the problem geometry the axial points can be read in one by one as

data input.
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Suppose the x,y,z components of the near-zone electric field are of
interest. Then the YD matrix is simply a 3%x3 unit matrix and.is given in

statements 446-454 in the program of the Appendix. Finally, DO Loop 71 is

used to specify points in space where the near-zone electric field is to be
determined. In order to insure accurate results the nearest point, .of course,
cannot be closer than AL = 2/28 meters from the wire surface. In this case
the points examined are in the planes defined by 2z=0, z=0.5, and z=1.0 (where
the wire is z~directed with the feed point at z=0) and at distances. from the
wire given by x=0 and y=0.2, 0.6, 1.0, 1.4 meters. Results are included in
the Appendix and these compare quite favorably with those derived earlier by
Harrison et al. [8] for Bh = 1.5.

As a second example consider a circular loop antenna located in the
Xy plane and centered at the origin as shown in Fig. 3. The wire radius
is 0.00106X and the loop radius is b = A/27. The wavelength is 0.5 meter
and the excitation is a unit voltage at ¢' = O, The problem is treated as
an open wire with two segments overlapping at the ends of the wire as ex-
plained in the previous report [l]. A total of 30 segments are used, cor-
responding to 14 current expansion functions. The wire is unloaded and
the excitation is applied at a wire position corresponding to the peak of the
14th triangle (¢' = 0).

Input and output data for this problem are included in the Appendix,
The problem geometry is defined by specifying positions for a total of 31
points using DO Loops 1510 and 1511. Rectangular near-field vector com-
ponents are called for so YD is a unit matrix as before. Points at which
the field is to be calculated are read in using DO Loop 71. These are
shown in the printout of the Appendix to be along the x-axis at x=0.0, 0.02,
0.06, 0.14, 0.30, and 0.62.

Examples involving use of more than one wire, bent and loaded wires,
and wire junctions are available elsewhere [1]. Data for these can be used
directly with the program presented here. The only additional input required

are the YD matrix and the locations of points where near-field computations

are to be made.
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X

Fig. 3a - Circular loop and coordinate system.

R

Fig. 3b - Open wire with two segments overlapping.
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VI. CONCLUSION

A user-oriented computer program has been presented and described for
calculating the near fields of thin wire antennas. The program is an ex-
tension of one presented earlier for computing current distributions and
far-field patterns for arbitrary configurations of bent wires with junctions.

Results are valid for a given point in space if the point is at least a

distance A% from the nearest wire surface, where AL denotes the length. of the
longest subsection or segment used in the analysis. The wires of a given
problem can be excited or loaded at arbitrary points along their lengths, and
no unrealistic assumptions are necessary regarding their current distributions.
Finally, mutual coupling is taken completely into account with each step of the

analysis procedure.

In this report instructions for using the program were given with

particular attention devoted to required data input. Two examples were

included to illustrate its use.
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VIII. APPENDIX

This program is suitable for computing near fields of thin wires
with excitations represented by lumped voltage sources at the peaks of
the triangle functions and loading represented by lumped loads, also at
the peaks of the triangle functions. The maximum number of wires that
can be handled here is four. The maximum number of expansion functions
for any wire is fifteen. Subroutines are listed first, The sample in-
put and output daca listed nere correspond to the analysis of example
one. The problem geometry is read in with instructioms 402~415. The
YD matrix is provided through instructions 446~454 and field points of
interest are specified with statements 456-480. The program is de~
scribed in Section IV,

SUBRUUTINE ENEAR (NAVE  NANLRESAyNE,CyREP,YY, YD)
COMPLEA PSI(4) PSTL{%)ClyRTEXTU3,067)4C(60)4,E(3),21,22
LyCMPLXyHULD Ly AJLDZ,CE AP
SIMETISTIN YYL3) YO 3y 3) o NEANWIRKE) o YDID{344) 4 XDU(3,4),¥{3),A(a),
IP{4),004) s XO{ 394y 32) e #¥X{3ya4,s32) s TLEN( 4, 32)
CUMMON /CGA/XX9XJy TLEN /CJIE/F
Cl=(0asl.)
PI=3,14159265
BeETA=2.0%P[/wAVE
EPSLN=d.854E~-12
UHAEG=2.0%01%2,¢9732 353/ wAVFE
XMil=4 J0E-T%PI]
N=0
DU 10 NWS=1,NWwIRZ
NENWS=NF (NWS)
D1 10 NES=1.NENWS
N=N+1 ]
IF (NES<EQ.L) 30 T 11
PSI{1)=PSI(3)
Py[{2)=PS1{4)
PSI1(L)=PS11(3)
PSI1(2)=PSI1(4)
DY 191 I=1,3
XOD{ Lo 1)=X0UD(1,3)
XDOL 1,2 =Xud1I4+4)
YNOD(I,1)=YLD(1,3)
YOG(L42)=Y0D{1,44)

191 CUNTINUE
KK=13
GO TO 18

11 KK=1
18 CuNTINUE

0L 60 K=KK,4%4

wt . o» . Y e e
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32 NESK=?2%{JFS~2+K

35 R=O-

34 NO 1% J=1,3

35 RX(JY=XX{J s Nw3ynESK)=YY( )}

36 15 R=R+RX{J) *%2

37 R=SAP T (k)

33 Le 192 I=1,3

41 YDD(Llyn) = 0.

41 D0 1Ly Jd=1,3

42 XBDUTaR)I=XLODO T 4 K) +#Y D {JyI)2RX(J) /R

43 YUD{L oK) = YO M(Ierk)} + XD0Jy ' SyNFSKYEYD(J,T)

44 160 CONTINUE

45 192 CUNTINUE

46 ALP=TLEN(NWS,NESR) /2.

47 LZ=0

43 DO 23 J=1,3

49 33 ZI=22+RX{J) XD JonNadd,y ESK)/(2e%ALP)

50 ZI=A8BS(.27)

51 AL=SwikT(ARS(R*E%x2=-Z. %2} )

52 IF(R.GLLLIN.2ALP)Y G TO 31

53 RT=CUS{-DETA®RY+C [ =51 I(-3+-TaxR)

54 LA=Z27+ALP

55 LAM=y /=AY

56 SZA=SUr T{AL ==+, xx2)

57 SZAY=SUPT (AL RE2#7 8 4%%72)

513 IF{(Z27 6GTALP) 505 T 41

53 ATL=ALLGL{ZA+S A ¥ (—~LAMESZAA) /AL %)

64 Gl TL 42

61 41 AlT=ALULI{ZA+SLA)Y/(ZAA¢52A4))

0l 42 Al2=z.%ALP

63 AT A={/A*SZa-2 A7 (A+ALERZENI L) /2.

64 AT4=A ] 2FAL %2+ (2. R ALPYHEI+A  RALDRIIER2) /3.,

65 PSTA=ALL-BETA®R* /2 F(A]3-2 %2 erE=2%xA[])

66 PSIB==2ETAR{(A[Z2=nw®A[ L) +LRTAFR I/ 6.5 (Al 4= %R AT 343 o5 R RIRA]P=
1=A11)

67 PSI(K)=RT/{ %P =ALP) & M4PLX(PS]4L4PSTH)}

68 R2=P% %/

64 K 3=Rk®x3

79 v a=F kX

71 ARGz AL ALP/{-%%2-ALP=%%x2)

{3 PSIC=al ="t TAxzx_ /72, ®{( A2~ e5n®A[] 472 1) e TAXZ A/ a " {(AN]5~-g .7
LEALS +oa®m 2502 =4, %®33%AL] + 24%=A]1))

74 PSID==RETAS{AIL=—-%209) + ASTARRI/ 5 & (Al3-3 %2 %A] 2+, 2WP 0]
1-R3%A[(Q)

75 PSII(KI=RT /(3P I=al?)*CHOLX(PSICPST)) +CI*ARTAXPSI (K)

76 G3 T »9

T7 21 XXD=RETA*ALP

18 RT=CUS(~BeTAXR) +L [*>5] (=T Aaxw)

79 2=772/r

80 DR=ALP/K

sl LR2=IR%*%2

82 IRG=[R2%%2




83
34
865
86
e7
88
Hq
30
91
92
93
Yg
95
94
97
98
99
100
101
102
103
104
185
106
107
108
109
110
111
112
113
114
115
116

117
113
119
120
121
122
123
124
125
126
127
123
129
130

131
132

59
6C

193

190
10

70

20

DR2=DR**2
H={—1.043.0%732)}/6.0

HE=(3.0-30.0%ZK2+35.0%/R%) /40,

AO=1.0+HEDR 2+ HL $UR2 %%

ALl=H=*DR +rl *DR 24DR
A2==[R?/6.0=IR2/40. )% (1. 0~12.0%IR2+15 .0%R4%)
A3=DR/50.0%({ 3.0k 2IR2=5. )% IR4)

A4=IR&4/12C.0

PSIA=AQ+ XKUKE2H A2+ XKD R 4EAL

PSIB=XKD®A L +XKU®%3%A3

PSI(K)=RT/ (4.,%P[¥x)%CAPLX(PSIA4PSIB)

BI= 1o tUR2% (=1 o +4.%,R2) /304 2%DR2%%2%( 1L o—12 % ZR 2+ 16+ ¥ ZR%)
BL=DR%( =1 +5.%IR2)/ 600 +.025%(5.—66K2ZR2+93 . *ZIR4 ) RDR*%3
B2==/[K2/6.=s025%DR2¥( Lo=18¥ZR2+29. % IR4)
B3=DR/00 % ( 3.%IR2=T7 ¥ IR&)

B4=A4

PSIC=304+XKO®% 2324 XKDE%4%R4

PSTU=XKD*R L+XKD*%3%33

PSILIK)I=RT/ (4 ®P Q%% 2) % MPLX (PSIC,PSIV)+CI*BLTA®PSI (K)
CONT INUE

CUNTINUE

M=2&NES=2

ARCA=TLE V{NWS,2%¥ES—1)

ABCB=TLEN{NWS ¢ 2%NES)

ABCC=TLENT WSy 2¥NES+1)

ABCO=TLE 1L NWS » 2%NE S+2)

Pll) = 1/2.%A3CA/(ASCA+ABCH)

Pl2) = (A3CA+1/2.%ABCBY/{A3CA+ABCH)
P(3) = (L/2.%¥A3CL+ABCD)/(A3CC+ABCD)
Pl4) =1/2.%A3CO/{ARCC+ABCD)

QI1) = 1./7(A2CA+ABCI3)

G{2)=9(1)

Q(3) =-1./(ARCC+A3())

Q(4)=Q13)

DU 199 I=1,3

L1=0

12=9

B0 193 J=1,4

L1=21+P () %PST(J)%YID(LyJ)
L2=722+Q(J)%PSTL{JIY*xXUD(L J)V*TLEN(NWS,M+J)
EX(IoN)==CI®GALGHRXM J2Z1eC(N) —C 1/ {OMEG*EPSLNI*/2%C (N)
CUNTINUE

CONT INUE

03 70 I=1,3

ECII=(D.40D.) |

DJ 70 N=1,NEP

E(IY=F({I) + EX(I,N)

CONTINUE

RETURN

END
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133 SUBRUUTINE CALZ{ AAVE ¢NWIREC 4 Ay NE 3 NN)
134 COMPLEX 2{60467) 3Z4(4915:4+15),PSI1(4432,4)
1,87, CEXP, CI, C4PLX, HGLDL, HulLD2
139 DIMENSTIN A{NWIRE) yNELINKIRE) o FNINWIRE) yXX(3444932)
IXD(34++32), TLEN(&4+32) s RIU4932:34) yRX(3444932+4)
2IL{4 493244}, XD (4,32,4) 3 ALP (4 ,C(4)D(4),P(4),0(4)
136 CUMMON /C3ZA/ XX3XD,TLEN /C33/ £
137 Cl=(0.0y,1.0)
138 PI=3.14159265
139 BETA=2,0%P]/JdAVE
140 EPSLN = d.3%4E-12
141 UHAEG = 2.0%Pl# 2,997 7928E3/WAVE
142 XMU=4 . 0E—-7T%P]
143 DJ 10 NwS=1 4NWiIke
144 NENWS=NE (NwS)
145 D 10 NES=1,NENAS
C NaS= THL NUMAER F THE WIRE {SUURCE)
C aF= THREL NUMBERQ IF THE WIRE (FLELD PJInNT)
Cc NES = THE iUMSER JF THE EXPENSION FUNCTIUN (SOUCE)
C NEF = The NUA3ER OF THc EXPENSIJUN FUNCTIUN (FICTLL PRINT)
c NSS = THE GJUIBER Ur ThE SESMENT (S IURCc)
C NSF = Tte UA3E< UF THE SESGHMENT (FICLD POINT)
lab IE{NESeza L) wis 1O L
147 U 17 Nwk=148W] <0
143 WNNWE =AY (NWF)
143 DU 17 NSF=1 gNMNwre
150 XAD{MN Wt g™MSey 1) = XS iWF 4 NSE, 3)
151 XUD(I\\WF,I‘.’SFvZ) = X'))(NM-,NSF,#)
152 PSI(iNAF yNSF L) = PSIINANF,NSF, 3)
153 17 PSIINWE ZNMSF2) = PSLI{NWF,NSF+4)
14 KK = 3
155 Gu TU 13
155 11 kKK=1
1571 13 CUNTINUE
iv3 JU 60 K =KKy4
159 NESK=2%NES-2+K
161 DO 60 NWF=LyIWIRE
161 NANWKF=NN (NWF)
162 LY 60 NRSE=1,4NnWF
163 KINWF yNSF,K) =0
lo4 DY 15 Jd=1,3
les RX(J s NWF ¢ NSF,K) = XX {(Je dwF e vSF) = XX{J NS sNESK)
166 15 R(MNWFsMNSFIK) = RIENAFsNSF,K) + RX{JyNWF ¢ NSFyK) x*2
167 FANWE ¢NSFyK) = SQRT(R{NWE ¢ NSF,K))
163 ALP(K) = TLEN{NAS NDSK)Y/ 2.
169 L2 (MWE 9y SFE 4K) =1,
170 DI 33 Jd=l,y3
171 33 ZZUMWE g%usk oK) = ZZ(adF g NSF R #RXU Iy Wy ISF 4y KIEXLUd g iS 0 FSK Y/
L{2.#¥ALP{K))
172 ZZANWHEGNSEFSR) = ABS{ZZL(MAIF 4 MSF,L,K) )
173 XDDUINWF 3iNSF 4K} =0.
174 DO 65 J=1ly4 3
175 65 X¥OVLCNWE ¢yNSF ZK) = X2 (MWl 4NSFy K #XuUl JaMNwS,NESK YEAD(Jy int g NOF)
176 AL = SWrRTABS{ Al vy iSF oKX ) *¥%2~7Z L (NWF yNSF oK) %%/2) )




224

225
226
221
223
223
230

41
42

31

59
60

22

AL=SGRT(AL**2+A(NW3)%%2)

IF  (R{NWF,NSF,K).GE.10.%ALP{K}) GO TO 31

RINWFyNSF,K) = SQRT(R(NWF gNSF oK) E*X2+A (NWS ) *%2)

RT = COS{-BETA%R(NWF,NSFyK)) + CI*SIN(—BETA®R{NWF,NSF,X))
ZA = ZZUNWF,NSF,K) + ALP(K)

ZAM = ZZ{WWF4NSF ,K)=ALP(K)

SZA=SGRT{AL#X2 +ZA%%2)

SIZAM=SQRT(AL®%2+ZA 1%%2)

[F (ZZ(NWF,NSFyK)GT.ALP(K)) GO TO 41
ATL=ALUGI( ZA+SZAY ¥ (~ZAM+SZAM) /ALK*2)

GJ TO &2

ATL=ALUG(( ZA+SZA) /{ZAM+SZAM))

AL2=2.%ALP( K)

AI3=(ZA%SZA-ZAMXSZAM+AL®%2%AI 1) /2

ATG=AT2¥AL®R 2+ (2, %ALP( K)*%x3+6 ,%ALP{ K)®ZZ(NWFNSF,K)*%¥2)/3,
PSI1=AL1=BETA%R%2/2  #(AL3=2 %R (NWF yNSF oK) *A12+R {NWF yNSF yK) %%2%4a11)
PS12= —BETAX(AI2-R(NWF yNSFyK) %A1 )+ BETA®%3/6.% (ALl4~3. %R (NWF yNSF4K)
1%A I3 +3. %K (NWF yNSF ,K) ¥ £2%AT2—R (NWF yNSF yK) *%k3 %A1 1)
PSIINWFyNSF4K) = RT/(8%PI*ALP(K))*CMPLX(PSIL,PSI2)

GO TO %9

XKD=BEFTA®ALP( K)

RT = CUOS(—3ETAXRINWE yNSFsK)) + CI*SIN(-BETA%R(NWF,NSF,K))
[R=ZZ{NWEyNSF ¢K)/R{ 4WE 4y NSF ,K)

DR =ALP (K) /R {IvHF 4 7ISF 4 K)

IR2=ZR%%2

IR4=7R2%%Q

DR2=DR%% 2

H={=1.0+3.0%ZR2)/6.) ,
H1=(3.0-30.0%ZR2+35,0%ZR4) /40,1

Ad=1.0+HED2+H 1 ¥DR2¥%2

AL=H¥DK +HL ¥DR 2%0R
A2==IR2/6.0-DR2/40.0%(1.2=12.0%ZR2¢15.0%IR4]
A3=DR/60.0% (3 0%LR2-5.D%ZR%)

A4=IR4/120.0

PSI1=AO+XKD*¥2%xA2 + XKD ¥ %4%AL

PSI2=XKD%A L +XKD**3%A 3

PST({NWF¢NSFsK) = RT/(4%PI*R{NWF NSF,K))*CMPLX(PSI1,PSI2)
CONTINUE

CONT INUE

ABCA=TLEMN{NWS ¢ 2¥NES—1)

ABCB=TLEN(NWS y 2¥NES)

ABCC=TLEN{NWSy 2%NE 3+1)

ABCD=TLEN{NWS y 25NES+2)

C{l) = 1/2.%¥ABCA/(ABCA+ARCB)

Cl2) = (ABCA+1/2.%ABCR)/{A3CA+ARCH)
C{3) = (1/2.#A3CC+ABCI)/{A3CC+ABCD)
Cla) =1/2.%A3C)/7 (ABCC +ARCD)

D{1} = L./ (ARCA+ABC3)

U2y =u(l)

D{3) =-1./(ABCC+ABCD)

D(4) =D{3)

BO 10 NWF=1,NWAIRE
NENWF =NE {NWF)

D3 10 NkF=1,NENWF
ABCA=TLEN(NWF y 2%¥NEF-1)




231
232
233
234
235
23h
2317
233
239
2449
241
242
245
244
245
246

24l
244
249
254)
251
252
253
24
255
250
257
254
259
260

261

262
263
264
265
260
20f
263
269
270
271
272
273
214
275

O

QOO0 .

79

10

90

11

20

23

ABCB=TLEN{NWF y 2%NEF)
ABCC=TLEN( NWF 4 2%NEFr+1)
ABCD=TLEM{NWF ,2%NEF+2)

P(1) = 1/2.%¥A3CA/(ABCA+A3Z3)

P(2) = (ABCA+1/2.%A3C3)/(ABCA+ABCB)
P(3} = (1/2.%¥AdCC+A3CI)/{ABCC+A3CD)
P{4) =1/2.%Ad3CD/(ABCC+ABCD)

Qil) = 1./(ARCA+ABCS)

ei2) = Sl

QU3) =-1./(A3CC+ABCD)

Q(4) =2(3})

Z4(NWE ¢NEF s NWSy NFS)
DN 70 I=1l,4

DO 70 K=1,4%
L=2%NEF-2+1

L4 (NWF g NEF ¢yNWSyNES)Y = Z4(NWEyiFFy i Sy MNES) ¢ CIXCAbGEX AR (KYFII( ] )*
LXDODONWEF s LK Y¥EPSTI(NaF Ly )+ Lo/ (CIRGHMEGFEPSLIN) HO(KIRG(T)*PST (uawFsL,
ZRYETLENINWS ¢ 2%NES=2 K} ETLEN{NWF 4 L)

CUNT I NUE

Nuf =0

DU G0 {WF =1,NWIE

NENWF =ANE(NWF)

D 90 NEF=1,.MENWF

NOF = NuF r}

NuS = o

(8187 9 NWS:lyv'lw[*\’*"

NENWS=NE {NAS)

Ul S0 wES=1,"ENYS

NUS = NUS+ L

Z(NU*,-WJS) = l"?('iﬂ;y ‘EF,JWS'NEQ’

RETURIN

END

L0771 0777707707272772272700727777772077707727727777770777777777270777/777707777

(Oo 1\).)

SUBRUUTINE CALZLINLy ik s NWIRF)

TQ AGD THE ISMPEJANCYE MATRIX ZL TJ) Z TN rFruR+ THE TuTaL [~PciANCC
MATR I X

Z=THE T[THPEJIANCE AATRIX

2L = LJADS

NE IS dJM3er OF TXPENSILY FUNCTIINS
NWIRE = NYMEER r “IRES

COMPLEX Z({R0,69) 420L(443)

JIMEMST IN LP(4,32) gl a2 yNE(ANWIxE)
CIimdci /CU4/7 2 /7CUC/ZL.LP

JJd=0

i 2D K=1y WIRE

[F (ReEWdel) ) TI [1L

JI=JJ+nNE(K=1)

CUONTINULC

NLK=NL (K)

Dy 270 =1y LK

J=JJ+LP({K,1)

L(Jded)=2(Jded)+LL(Ky 1)

RLCTUR®MN

cND




276

277
278
2719
282
281
282
283
284
235
2806
287
288
289
290
291
292
293
294
295
296
297
294
299
300
301
302
303
304
305
306
307
303
3049
310
311
312
313
314
315
316
317
313
319
320
321
322
323
324
325
326
3217
3248
329

o000

10
15

19
20

25

30
35

38

40
45

5
55

60
62
64
65

70
75
80
100

105

168

24

SURRUUTIRE LINEQ(N, Ly M)
USE GAUDSS—JURDAN METHUD
N=URUDER UF- THE MATRIX
A=THE INPYUT ANU JUTPUT MATRIX
LeM=WARKINSG VECTIR

COAPLEX AlL60,62)+sBIGALHOLD
DIMENSIUN LIMN),y 41{N)

CaMMON /CU4d/ A

DU 80 K=1,N

L(K)=K

M{K}=K

BIGA=A(K,K}

D 20 J=K¢N

DU 20 I=x,N

IF (CARS(BIGAI-CABS({A(I,J))) 15,19,19
BIGA=A(I,J)

Li{KY=1

M(K)=J

CONT INUE

CONT INUE

J=L{K)

IF(J=-K) 55135125

CUNTINUE

DD 30 I=1l,n

HOLD==A(Ky I}

A{K,1)=A0d,1)

A(Jd,y [)=HULD

I=M(K)}

IFUI=-K) 45,45,34

CONT INUE )
00 40 J=14N ‘
HILD==-A(Jd¢K)

A{JyKI=A(J,I)

A(Jd,1)=HOLD

CONTINUE

DO 55 I=1sN

IF{I-K) 50,55,50
A(TKI=A(T,K)/(-3]5A)
CONTINUE

DO 65 [=141

DU 65 J=1sN

IF(I-K) 60,644,060

IF{J=-K) 62,64,+62
AlT2d)=ALTI KIFA(KyJ)+A(],4d)
CONTINUE

CIONT INUE

D3 75 J=1.N.

IF(J=K) 70,175,170
AlKeJ)=A(K JI)/3IGA
CUNTINUE

A(KyR)I=1./81GA

CUNT INUE

K=N

K=K-1]

[F{K) 152,152,135

I=L(K)

IF{I-K) 120,122,108
CUNTINUE
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330 DO 110 JU=14N
331 HULD=A(J,+K)
332 A(JyK)==A(J,1)
333 110 A(Jd,1)=H3LD
334 120 J=M(Kk)
335" TF{J=x) 109,100,125
330 125 CONTINUE
3137 D) 120 I=1,N
333 HJLD=A(K, 1)
339 A{Ky [)=—A{J,1)
344 130 A(J,1)=HCLD
341 GJ) Tu 1GO
342 150 KETURN
343 END
C 1777777777 07777077777277777077700707777/77777777770777727277277/772777777
X SURRUUTINE BIGVI Uy iFE s IAIREZNE, HAEP)
345 COMPLEX V(4432),u(nEP)
Jan DIAENSIOMN IF{4a,32) s NF(NWIRF) g NE(MNWIRE)
347 CAMAL N /CUun/Vv,ylr .
344 D3 5 I=1sNcP
343 B ULTD)Y = (1ieyD.)
359 Jd=0
351 1)) 10 K=1, {WIRE
352 IF{K.FERW1) G: T LI
3b3 JI=JI+NEL(K=1)
3954 LI CJUNTINYE
3vH5 NFK=NF(K)
3506 G Lo {=1,FK
357 J=JJ+IF(K, 1)
353 10 U(J) = VIK,I)
359 EETUXN
360 ' END
C F1 L1170 7 0770777778770 7777707777077 7 0777720777777 0777/077727077777777/7
36l SUBFUUJTINE CaiNT({U, Ty NS)
ol MULTIPLY A AATKIY 8Y A VeCTOR
C U = THF INPUT VeCTJR
C Y = THE [HPUf HATRI X
C C = THF RESULT veCT iR
C NS = JRUER JF AATRILKL
362 CIMPLEX ULHS)I Y (50453 )4C(NS)
363 CaMmiIN /CUA&/ Y
164 DU S5 I=1¢NS
365 Cl{l)=(.e +0.)
366 DU 5 L=1,NS
367 5 CUIY=ClI)+Y({Ll,L)=U(L)
264 KETURN
369 ENU
(of L1710 077717770027277277707727772000707077722070777770777777/77777/77777
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Cc MAIN PRJOGRAM MMMMM MM MMM MM MM MM MMMMM MM MM MMMMMMMMAMMMM MMMV MMy

370 COMPLEX ZL(4932) 4V 4432)4,2 (60,60),U{ 60),C{60),
1E(3), ZIN,CONJG+CI+YIN,CAI,CBI,CC

371 DIMENSION BA{12),A(12),NS(L12), NF(12)y NL(12)y NCLOSE(1l2),
IX{394432)yNE{L2)yNPIL2)sNN(12)4IF{4432),LP(4+32)+XX(344,32),
2XD(344432)TLEN{4432)3LMNOP(60) sMMNOP(60),
3YyY(3),YD(3,3)

372 CUMMUN /JCOA/XXe XD, TLEN /COB/Z /COC/IL,LP /COD/V,IF /CUE/E

373 Pl =3.14159265

374 XMU = 4.0E-7%P]

375 EPSLN = 8.d54E-12

376 Cl = (D.yls)

377 100 READ (1.2, END=500) WAVE

378 WRITE (3+411) WAVE

379 OMEG=2.997928E3/ wAVE%*2 . %P ]

380 BETA = 2.%P1/AAVE

381 READ (143) NwWIRE

382 WRITE (3,12) NWIRE

383 WRITE (3.191)

3b4 DU 550 NW=1l4NWIRE

385 WRITE (3,13) NW

386 READ (141) BA(NW)yNS{NW) s NF{NW) ¢ NL{NKW)

387 WRITE (345) 3ACNWI e NSINA) ¢ NFONW) o NL {NW)

384 NENW=NF (NW)

389 READ(1,43) (IF(NWel)yI=LynNFNW )

39U WRITE(346) ([F{wdel)sl=1yNFNW )

391 READ (1ya) (VINW,I),I=LsNFNW )

392 WRITE(3,7) (VINW, L) gI=1osNFNW )

393 NLNW =NL {NW)

394 READ (1,3) (LP(NW,I)sI=1oNLNNW ) '

395 WRITE {348) (LP(NWsI)sI=1sNLNW )

396 READ {(144) (ZL{WNWsI)sI=1,NLNW)

397 WRITE(3,9) {ZL(NWsI)yI=1+NLNW )

398 WRITE—(3,152)

3949 : NE(NW) = NSINW}/2~-1

400 NP {Nw) =NS(Nw) +1

401 NN{NW) = 2=NE(NwW)+2

402 NPNW=NP ( NW)

403 DU 1520 I=1yNPNW

404 X{LoNW,[1=0.

405 X{2+NWyI)=0.

406 1520 CONTINUE

407 X{3,NW,y15) =,

4038 DO 1510 I=1,14

4«09 XI = 1

410 L1=15+1

411 L.2=15-1

412 CORD=0.07142857%XI

413 X{3,1 ,L1)=CORD

414 X{3s1 sL2¥=(~1.)%CORD

415 1510 CONTINUE

416 WRITF (3,310)

417 WRITE(3,300) ((X{JeNWyI)yJ=1y3)41=1L,NPNW)

418 WRITE (3,152) )

419 550 CONTINUE




429
421
422
4273
424
425
/425
627
423
429
430
431
432
433
G 3%
435

436
437
433
4 39
847)
441
442
443
b4y
44y
bbb
44 7
44 5
449
45 )
451
452
453
454
455
450
457
454
459
460
461
462
40 3
464
465
466h
467
464
463
471)
471
472
473
G4 74

L5

29

360

24

23

27

DD S60 Nw=1,NWIRE

NNNA=Ny( N )

DJ 15 =1, N

DO 1% J=1,3

XX{JgNwy [) = (X(JeHNAyI)+XCINW,I+1)) /2.
X‘.)(JyNNy[]:X(J' lWy[*l)‘X(J'NW,I)

DO 20 I=lsNMNhwwW

TLEMNINW gI) = SOnTUXUCT gNAs DI E28XDI2 gy N P ) %224 XL (3 gy [ 1%L )
AINW) = BA(NJ)=aAVE
CONT [NUF

WRITHE(3,1o1)

NEP=

L.} 28 ww=1lyNAIRE
NEP=NMEPENE (Nw)

CALL CALZ (WAVELy vWIKcoeAy b, in)
CALL CaLZL(NLyNEs NWIRE)

CALL LINEQUNEP, LMNJP,M4N]IP)
CALL BIGV(UNFsNWIKE s NEy NEP)
CALL CrNT(J,C4NED)

WRITE (3,203)

wWwRITE (5,2038)

i) 29 I=1, EP
CHAAG=CABS{C(I))

CPHASE= ATANZ2{ALAAGIC (L)) sReAL{IC(I)) ) *1lode/3elaln
WRITE (3451) I+2(1)y CAA5,CPHASE
CULWTINUE

Yollel)=1.

YU(Zy LY=Co

YC{3sLl)="

YO(l,2)=7,

Yd(2s2i=1l.

Yid(2,2)=0,

YU(l,3)=0,

YD(2,:3)=0.

YC(3,3)=1l.

WRITE (34,191)

D3 71 M=1,3

XM=M
DN 7L asl, /"
XK=r

YY({L1l)=),

YY(2)=1,2%XK

YY(3)=(amM=1l,.)%)on

CALL mivE 3% ([WAVEsNw IRz oAy Ly CervEP2YY, YY)
c(2)=2.P[xYY (2} {2)
E(3)=P1*),.2333533%(3)

ARITE (3,232)

ARITE (341)) YY(L1)y YY(2),y YY(3)

WRITeE (3,21)

wRITE (3,207)

DU 217 J=Lls s

EMAG = CABS ( E(J))

IF (FMAG.LT.Na1lE-9]) G rad 1e

EPHASFE = ATAN2(AIMAGIF(J)) ,REALIE(JII)I*IBD./3.1416
Ga T 17
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475 16 EPHASE=DN.
470 17 CONTINUE
477 WRITE (3,51) JyE(J), EMAG,EPHASE
«78 2T CUNTINUE
479 WRITE (3,152)
480 Tl CUNTINUE
481 G4 TC 100
482 1 FURMAT ( F1l0.5,415)
4873 2 FURMAT (37 10.%5)
484 3 FORMAT(le6Ib)
485 4 FORMAT{ 8F10.3)
486 5 FORMAT(' BA=1,FLl0.59' NS=',15,' NF=%,[5,' NL=',15)
487 6 FURMAT(!' [FH(I)=t,]l015])
4838 7T FURMAT(' V(I)='48F12.3)
489 8 FORMAT(® LP(I)=t, l6[5)
490 9 FORMAT(® ZL{(1)=',8F10.3)}
491 10 FURMAT (! X=03£10e3y" Y=',E1D0.3y" Z=', E10.3}
492 11 FORMAT(? WAVE =1',F 20.5)
4973 12 FIRMAT{' NWIRE = ",I5)}
494 13 FORMAT(' DATA FUR THE *,I5,'TH WIRE")
495 14 FURMAT (2£10.5)
4906 51 FORMAT (I15,3E12.4,F10.3)
497 151 FORMAT( ! %% a%kkkkk Rk XS AR RRRE REER R A RERKEEERERK kkokkkk Kk ! )
493 152 FURMAT{! ——meceemmm———— —— - —_————=1)
499 201 FORMAT(! FIELOY)
509 202 FORMAT (! CUURDIVATES OF TESTING POQINT )
501 203 FJRMAT (¢ CURRENT JISTRIRUTIUN')
502 207 FURMAT (¢ J E(J) MAGNI TUDE PHASE'}
503 208 FORMAT (! I cin) MAGNITUDE PHASE"')
504 300 FORMAT(* ¢ ,12FE10.2)
505 310 FORMAT(* THE CCURUINATE UF THE WIRE?')
506 500 STOP
507 END
*EXWARNING®* FORMAT STATEMENT 14 IS UNREFFRENCED
$SOATA
WAVE = 4.14873
NWIRE = 1
e e g e e % ok 2 ook e X ok ok Al o o e e e e e e e R e e e ok o ke
CATA FOR TkE ITH WIRE
BA= 0.00325 NS= 28 NF= 1 Nts= 1
IF{I)= 7
vil)= 2.000 0.000
LP(l)= 1
IL{1)= 0.000 C.00D
THE COOROINATE OF THE WIRE
N.00E 00 0.C0t 00 -0.lLOE Ol O0.O00E 00 0.00E 00 -0.93E 00
0.00E 00 0.00E 00 -0.86E 00 0.N0E 00 DJ.00E 00 -0.79E 00
0.00E 00 0.00E 00 -0.7lE 00 O0.00E 07 0.00E 00 -0.64E 00
0.00E 00 J.00E D0 -0.57F 00 0.00E 00 J.00F 0O ~-0,50E 0O
0.00E 00 O0.COE 00 -0.43E 00 0.00E 00 0.00E N0 -0.36E 00
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0.00€ On

0.90FE 00 =£.29t 00 0,30t 03 G.O0E N0 =3.2LE 00
0.00E 00 O0.COE 00 -0.14E 00 J.90F 0) Q.0QnE nO -0.71E-O1
0.0NE 9 0.00E 00 0.02F 07 CLU2 9 a.00F 0§31 N T1E=-91
0.00E 0N 0.00E 00 0.14E 00 0.00F 0D 0.J)0E 00 0.21E 00
0.00E 0w 0.00E 00 0.29E 33 0.O0F 6)  N.N0F 09 0.386E 70
0.00E 00 0.30E 00 0.43E 30 0.J00t Ou 0.0J0F 00 9D.50E 00
0<00F 00 0.P0E 00 0.57E 02 0.ONE N2 G.0NF 00 O.64k N
0.00E 00 0.00E GO J.71E 09 0.JUE 0) D.00E 00 0.79E 00
0.00E 07 J.00E 00 0.86E 00 0.07%E 02 0.0NF 00 1,93E Q0
0.00E 00U O0.00E 00 0.10E 91

e koo e dowk SOl ek A R ok A oo AR el R A A A Aok Ao Xe e A e e Aok de o Nz
CURRENT DISTR [BUTICN

I L1 4A5N I TUNE PHASE
1 0.71%0E~02 —=0.2666E-02 U.T753lE~02  -20.448
2 0.1227E~01 -G.4340E-02 J.13J2E~01 -19.471
3 0.1670E~0L -0.5563F-02 J.1700E-NL  -1%.422
4  0a2929E~01 —(.6286E-C2 UL.2124E~01 =-17.216
S 0.2294E~01l —-0.647T1F=C2 J.2383E=01  -15.754
6 U.245TE~01 —C.6101E-02 0.2531E~-01  -13,947
7 0.2512E~21 =0.4439£=02 D.2551E-31  =-10.023
8 0.245TE=01 =0.0l0lE-02 J.2551E=21  =13.947
9  0.2294E~01 -C.64 71F=02 1.2333F-ul  -15.754
10 C.2029E-Ul -C.6236E-C2  J.2124E-01  —17.216
1l G.l670F=01 =0.5563E-92 J.1723E=)L  —138.422
12 C.1227E-01 -C.43400-02 5.13)2E-01  -14.471
13 Q.7150E~C2 -0.2666E-02 W.T63LF-02  -2).448
kel ook Aok ke ek kb oo kA ke R e kR Tk
CLURDINATES UF TESTING PUINT
X= J.U00E CO Y= C.2LJE U = 0.00IE U0
FLELD
J E(J) 4A53 NI TUDE PHASE
1 0.0000E 07 C.UDO0E 00 .000)E a0 74000
2 —0.1337E~C4 -0.6G16F=04 0.7744E~04 -1UN.944
3 -0.9584E 01 N.1e00E Ol O0.971L7E 01 179,522
CUURDINATES UF TESTIMG PIIWNT
X= 0.000E 00 Y= 90,6008 00 L= Q.D00E 90
FLELD
J £(J) AA3NITUDE PHASE
1 0.0000E €Y 0.06(0E 00 1.0)JJE OC )00
2 -0.87CTE-05 -0.2803t—04 J.2J435E-N4 =-107.250
3 0.2723E Ol O.5724E OL  151.594

~-0.5035E 01
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COORDINATES LF TESTING POINT
X= J.0C)E OO VY= 0.10uE ¢l
FIELD

J e{d)

1 ©0.O0000E 00 ©0O.O0NC0E 0O

2 =0.1685E-C4 -C.2551E-04

3 -0.2924E 01 0.3553E 0Ol

= 0.000¢t
MAGN I TUDE
0.0020E 09
0.3)58E-04
Je4b01E 01

COORDINATES (JF TESTING POINT
X= Q.000E CO Y= 0.140E J1
FIELD

J E(J)

1 D0.0N00E 00 0.0D00E 00

2 -0.2035E-04 -0.5178E-05

3 -0.85C0E 00O

COURDINATES OF TESTING PIOINT

= 0.000E
MASNI TUDE
De.0030E 00
0e21)0E~-0«
0.3732E 01

X= 0.000E 00 Y= 94,2C0E 00 I= 0.500€
FIELD

J E(J) MAdITUDE
I U.0000E 0OC¢ 0Q.03C0E 07 J.00UVE 2D
2 =0.1269E 01 —-C.6CNEE Ol Q.6L41E 01
3 —0.4910E 01 =0L1231E OO0 0.4712E 01
COORDINATES OF TESTING POINT

X= 0.C00E 00 Y= 0.600F 09 Z= 0.500f
FIELD

Jd E(J) 4ASNT TUDE
1  C.D000E Oy C.OMMOE 07 Ge.07300E 00
2 —0.14C05F 01 =0N.%52dE 01 J.4741C 01
3 -0.4671E 01 N.161L2F 01 D.4941E Ol
CUURDINATES CF TESTING POINT

X= 0J0U0E DO Y= 0.102E 1  £= U.500E
"FIELD
J E(J) AALNT TUDE
1 0.0C00E 00 0.D0COF 00 0.0390& 0D
2 -C.1675E Cl -0.3163E 01 .3579E Ol
3 -0.2781lE 01 Q.2997E 01 0.4J38E 01
CUJRDINATES (OF TESTING PIINT

X= 0.0U0E 00 Y= U.l4VE J1 Z= 0.500E
FLlELD
J E(J) MAGNI TUDE
1 0.00COE 00 0.072008 00 0.0990E 00
2 -0.1972E Ol -0.2043E Ol 9.2839E-01
3 ~0.7754t 00 0.3342F C1 0.3%30t Ol
COURDINATES OF TESTING POLINT

X= 0.0GIE 0C Y= 92.200E 00 (L= 0.100E
FIELD

J E(J) MAGNITUDE
1 0.0000E 00 0N.20C0E 00 0.0900E 09
2 -0.1994E 01 -0.5543t 01 0.5891LE 01

O.1012E 02

3 -0.9241F 01

-0.132CE 02

00

PHASE
0.D00
=-123.446
129.4%2

PHASE
0.000
~-165.725
102.988

PHASF
0.N00
-101.925
-178.564

PIHASE
0.000
-107.243
163,962

PHASE
0.000
-117.9306
132.3658

PHASE
J.000
-109.789
-124.990
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COORDINATES OF TESTING POINT
X= 0.,C00E 00 Y= 0,600 00 Z= 0.100E J1

FIELD
N; E(J) MASNTTUDE PHASE
1 0.0000E 00 0.J0C0E 00  J.00900E 09 V.000

2 -0.1987E 01 -0.4594F 01 Q.57%96E 91 -113.392
3 -0.4485F Ol —-0.6136E 00 0V.45278 01 -172.209
COURDINATES JF TESTING PUINT

X= D.000F QGO0 Y= J.100E N1 Z= D.1NIE 01

FIELD
J () YAGN I TUDE PHASE
1 0.0000E 00 0.0000E 00 J.00J0E 0O Je 000
2 —0.2574E 01 -C.3699F 01 J.4576E 01 -124.837
3 -0.2392E 01 0.1946E 01 D.3983E 01 130.874
COURDINATES OF TESTING PCINT

X= 0.000E 30 Y= Q.140E 01 2= G.130F 01

FIELD

J ECJ) MASHITUNE P 1ASFE
1 C.0000FE 00 C.IICLE 20 ©.0733E 1) 2.7300
2 —0.32C5E Ul —-9.2507E 01 Je4uodE DL -141.966
3 —0.54S2E CO n.25500 91 Je2n33E N1 1J2.017




272
373
ITh

37hH
376
377
3748
379
g
38l
382
3n3
3384
3g 9
inH
g’
3413
389
390
391
392
3G 3
334
3995
196
3g7
198
399
400
411
402
403
404
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The material that follows corresponds to the circular loop

problem of example two.

are the same as before.

The subroutines are not listed since they

The main program is the same as that used

for example one except that the problem geometry is different as

specified using statements 402-413, and also the field points of

interest are different as specified using statements 454-474.

c MALMN PRUSRAM

CuMa2Ltx ZL(4,32),V ¢
LE(3),
ul AF ST JN

+9320) 412
1T, CUNLJL,O L, YIR,CAI,C3I,40C
FACL2) 2 A(L2)eNS(L2)

(6346000 &

NF({12),

MMMMAMMMM MMM MM MM AMAMMI MP MM MMSEM MMM MM MM

) C(6C0Y),

wh{l2)y NCLISE(LZ),

IX (39932 gyt 012) e MN2LL2) o INUL2) 2 IF(4432)0LP(4932) XX 394y37),
2ADE 39 as32) p TLENL 44 32) LMNIP(6D) y MMNUP (6D ),

3YY( $) vYU(.‘}y;‘)

Cat iy JOOA/Y X e X 5y Then
PIL =3.1%153205

XMU T G OF-THP

tPSILN =
C1 = (9
PEa.
WRITH

ENiY=S0))
AAVE

10d
(3,11)

UMEG=2.69T )28/ HAVE X2 .

CETA = 2.%PI/WAVE
KEAD (ly3) NWIRE
WRITL (3,12) NWIRE
WRITE (3,151)

DU 950 W= LMWL
wRITE (3,13) W
ReAL (Ly L)
Wk ITE (3,5)
NF w9 =NF (NW?)
READ(1+3)
WAL TEL{3y,8)
FEAD {lya)
WRITe(3,7)
WL NW =Nl (W)
PEAC (1s3)  {LP( 1w, 1)
WRITL (348) (LP{in,1)
RCAT (lea) (ZLlwasl)y
WPRITE(Se9) (ZL{ W, 1)
wRITE (3,152)

NE(iiw) = nNS{hw)/2~1
NPOIW ) =NSTAw) +1
NN{Nw) = 2%¥NF{Na)+/Z
RIC=wAVE/{2.%P )}
DPRI=2.%PT/(IS(Ad)=2)
NPNw=NP (NW) -3

*
’
{
'

]

/Cu3/L JCAC/LL,LP

wAVE

01

BAC W) 9 4S{aw) gy NF NV gL INW)
BACNN) 3 3S{nNW) o L NA) gy NL{NA)

(IF (s IV o I=1, I NA )
(If‘(-l;‘ly[)yl=lv!ﬂ'—\id )
(VEswyel)gI=lentNwW )
(VU Wy LYy I=lynFnW )

=]y NLNW )
=L enNLNW )
Ly NLNW)

lyNnbLinw )}

/CUD/V, LF /CUE/E




405
406
LIV
4J 8
()
’+1'-)
411
412
413
4l 4
4l5
416
417
4lao
414
Y]
421
422
423
424
425
425
w27
423
&42;
43)
431
4752
4353
434
4y
4305
«37
434
G433
44 )
441
442
44 3
44 &4
445
44 a
44 f
KR
449
45.)
451
452
+53
454
4535
456
457
454d
45 )

ts1l)

1511

1

N

bt

23

29

33

DY Lol I=1,4P0A

X{ULloMwel d=xIRCL3{{I=-1)%0PAL)

X{2 oy II=R T3S ({1 =-1)%I1PH]T)
A{3gney)=02

bl 1511 J=1,3

NPUNR NP (NN )

X{Js dvig NPNn)I=A{Jyivay3)

X{Jdg W NPNa=1)=L{Jy W,y 2)

X{Jatilw oy P A=2)=X{ Jy AWy 1)

WPITL (3,310)

LWRITEC R,y 3¢ 22) ((\'(J,ll'ﬂq[)7J717J)11=11.\3~‘4-\5)
wWRITE (34102}

CunNT INlic

Ui S50 Ww=1 8wl R

NN =N NW )

DU I» I=1, Niiw

C) 15 J=1,3

XX(Jdeing [} = (X{Jg adeI)+X(Jyunwsel*+l))V/2,
ANCJe Mg [)=X{d gy [+#L)=X{JynNW,l)

B 20 1 =141 NNW

TLEN(NMag T) = SIAT{XICL g Nmog [IER2#XU( 2 uvey [ ) 424X 0( 3y Naal 1552}
Allan) = 3A(NW)=SAVI

ClixT 1mtik

WRITH( -~y 1581)

nEp=0

GO 7?78 MW=leneire
NEP=HE2+i0E { Nv)

CALL CALZ (wAVE g dnl@yAy aby i)
CALL CALZLUNL yovr p N i1 <L)

CALL CLINE o (NeP gl g by AN IP)
CALL FIGVIUIFy twl ety qu?)

(oALL C"\JT(UyL '] JE")

WRITE (3,203)

WRITE (3,2u8)

) 249 I=1,4.3FP

CHAG=CARS{C (1))

CPHASE= ATANZ2UATGALGICTU LYY sREALICL D)) I*=E3 e/ 314k
wRITE (3,51) T,C(1),y Cn,al2HANE
CunNTIHUE

YO(Llsyl)=1e

Yo(2,l)=tr,

YU(3,10=0.

Yl)(lpz)=h-

YO(2ys?)=1l.

YO(3,2)=0,

{14 3)=135,

Yo(Z2e3)=0.

YN(s43)=1.

W ITE (3,151)

1:] 7Tt K=1,45

Ex=2.%x(K-1)-1.

YY{1)=.124 K

YY(2)=t,

YY(3iry=o,

CALL [uabA4 {(ZAYrst 31 2L oAy ity CovFP,,YY, YN}
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G0 ) WRITE (3,202)

461 WRITe (3,17) YY(L1)y YY(2), YY(3)

462 WRITLD (3,291)

463 WRITI (3,297)

409 LW 27 J=1,3

b EMAL = CAYS U B(J))

46 IF (EsMA S LTl le—9) L) Td 16

207 EPHASE = ATANZ2IATANGIE(J)) oREAL(E(J)) I *18d./3. 1416

G664 Gd T L1¢r

46 1o EPHASE=YD.

4713 Lo CanNTINyE

471 WRITE (3+91) Jekldly LAAGYEPHASE

472 27 CONTINUE

473 WRITE (3,1522)

7% 71 CJINT Inu+-

47% G T dor

T I FGKMAT (P10, 3+15)

471 2 FORAAT (F10.59)

473 3 FURMAT(15I%)

474 4 FuURMAT( =Fl10.2)

4d ) O R JRTATEY AASY 01,0yt SV, ]9, NFEst, 0D, NL=1',1%9)

an] 6 FAIRMATHY H(T)=Yyinin)

G2 7 ¢ IRMAT(Y VD)=t ek 12.2)

“bh 3} BOoFORIAT(Y (0 ) =y, L5]k)

4 i3 4y GoFIRMATLY ZL(I)=',8F 10, 3)

48> 1O F JAAT (0 LSS B I Y=',b10e39¢ L=Y, F10,.,3)

4o Ll FORMAT(? WAV =, 200,5)

an 7 12 F lEMAT{Y JAI-t = ',15)

48 LA FIRaAT(t SATA ko Thie $ .09yt TH WIRE')

G493 14 FIR AT S2L10L%)

49310) SL FIRMAT (1543012 t9F10a3)

44| 151 FIRMAT (! Sxgdufevhefeg rfori kfln te bk xhrklbne kel ek )

432 152 7TIRMAT{! ~——— o e e e e "

44 4 T2 FORNAT(Y FIELDY)

494 2L FIRAAT (! Cu JRDIVIATES UF TESTING PuldT ')

GY9 Y 2003 Fary AT (0 CUL <+ T IS TRIVUTIONG)

4GS0 207 FURMAT (! J C(J) AAGNT TUDE VHASE )

497 298 FIRMAT (0 [ ctn) MAGNT TUNE PHASE?Y)

49 00 FORMAT(! ', 12L10.2

495 A1 7 araAlb (! THE IR IIMATE IF THE W#IRe?)

LIS But STOP

L0l END
FENARGINGE® FIRMAT STATEHEN T la IS UNRERFLREMNMCEU

SLATA

NAVE = ve SN GC
NAIKkE = 1
W ok R Rk Rk de R % Aok e s e oot o ke e ek e
DATA FuLR THE 1Ty WIRE
BA= u.ON1IN6 NS = 3.0 NEE L NL= 11
IF(I)= 14
vV(l)= 1.009 Qedi0)
Lteiil= 1
L1y = e ettty




fHL CUOJRDINATE JF ThHe WIRE
Jed)F-01 DelUE Ju O.0uk D0 0. 78t 01 e I3E=11 Ve dJE 99 v TZ2E-n]

1e 151 —12 1 U.01+ 30 .62E-01 2L.50E-31 9D.00E 20
JeS5C0E=01  .620=71 92.30F DJ  0.35E-01 O 72e-0l . )uk D el=E~0l
Je7ue=0N1 0.0 023 0OLL0E-06  J.80E-01 J.J0F N0
“0«lob="1 D 7vE-01 a0k DY =0 L35E-c) 0. [2E=D31 0 vl e U0 —0,50E~01
rebZE=SL 0 .00 N) = 82E5-01 £ LSNE~-GL D.0NE 00
~0.726=01  1.356=01 0.00F 00 —0.78b=21  .lse=01  1.03E uo —Uesvu=il
Vel —we Q.0 ) = JTeE-01 =NLIsE=-"1 Y.0IF 00
=Jel20-01 =)1435c=01 Jo70E D —CGenZ2b-Ul =D.5—ul 1,038 U0 —ul.SrE-udl
=N.02€=01 NN NN =L .356-01 -0.T72E-01 0.22€ 00
Sl db=01 =).78E=0'L UCUE D9 =0.157=73 =0.89E=71 N.I0E 08 0O.1xr=-0l1
SN, RF =l 0.0k 0D CU33F—ul —2L.72E-01 D.I0E D0
0.5 =L =JdeB2E—UL ULDOF D Jeu2b Ll =Y50E=I1 0 ez D Tl -l
SYV.35 =01 wL G 2Y 0 N L,T3F-N1 ~0.ter-0L 0.O0F 00
0.33F=C1 1.008 Ju DLCOE 2 06 Tef=01  J.L3E~)L  DWIJIE W ¢, 72r =01

R RE A KRR kL RE R AR P E ST R I R T Rk h Y ko F K Aok
CURRENRT OISTRIRUTIuN

1 1) AA ] Tu DrASF
1 Me 4221E=-32 0.3 g30~02  Gab22{t-12 3. 145
2 Ve 2W30E-N2 CaoleletFk=-CF Je3340E—-12 2ledn6
3 UelNOGAE-UL =T lllbaE=~(4 Jel JH0E-U2 — leii}}
G —(.9004E-03 =0, 1541t -02 CeluTlr-t;2 =12:.295%
I —UG2853E-07 —t & 2z3 1t ~0D? Jeft F it =022 -l 34.774
O =4 a3 =-02 =7, 27500~02 Debifu-—12 =13/(.1>7
7T —0e40Q0LE=02 =" oa)34r—-0, Tebl2IL -2 =13..751
3 =0.4143t=-07 —u37360-~-02 Yo 537k —02 ~1L3743%5
Y ~Qe245%d5-02 —='a2-31F~100 a4 133r =02 =] 34,744
LO =0.9%90F =03 —5.1-31r=-0¢ Yeln7ue=22  —12,2n3
Ll GelO&TE-D2 =0 1130e=-04 yaluinaTe—i:? - N
12 Qe2930E-02 D.lolb6l-(2 Je33Aanl—62 2383287
13 0.4221F=07 T e 3N 3E~-07 Deb227F =12 Iv. 144
14 el 632 =02 Va4 NGLE ~G2 Ve H s 3IZE—i? 4., a3 74

R ke xm ke Rhd Rl ky ek e ko xRS Rk kel ik
COIKLDINMATES ©F TeSTlig PoIaT
X= DeltME {2 Y= st VE D) = W = )]
Flelo
J E(Jd} AASNT THDe PHASE
1 ~C.7919F—-14 UV.2483F-03 Ve 293 7F-023 137.824
2 =U.6T22F D1 e 21 78F C1 NeTVOiHE DL L6042
3 UaIONE DG N, VUl Qo Cet)T Yy V) et TuN
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CUURDINATES it TESTING PNOINT
X= 0.2000=0L Y= 9,00 Q0 Z= .00t 90
FItLD

J F(J) MAGHT TUnNe PHASE —— -

1 =0,7657E-0a Ve 2(Hor=C3 D 2705E-973 176.073
2 =0.723vr JL el w9E 0} e 753K ul 163.3829
3 0.00GA0E N0 GLON0CF 0% 2,000 0D 2,000

CUJRDINATES- Uy TESTING POIINT
X= Ua600E=01 Y= Q,2CNE 3 L= M.00w )0

Fleld

J t(Jd) A NI THLE PHAS
1 a36200- )4 "LaHT2 3 -03 CeS5T3ab—-013 46381
2 =ULllUnF 02 . 1%1%k 01 delilne u2 17:.190
3 D00CN0E 10 RIS N N N N Ce ") D) UeDDO

COURDINATES 1+ TLSTING PUINT

X= Jela4Ne Cuy Y= DO0NE ) 2= 0,30 )
FIELD
J t(J) AAGNT TUDC PHASE
1 =G 13520E=-% =" 1235F-03 NelowbE-01  =135.A76
2 —0e2897TE 01 -CalaT76k CN Ce29D3E UL =-17na295
30 0.,060gF 20 N 0aulk Q0 Ge Wl O e 320

CUSRDIMNATFS v TeSTIws P2InT
X= D 300E ) Y= 0,0CIE-N0 Z= Nk 30

FIELD

J £{d) 1A 541 TUuke 2 4ASE
1 —el4laFk-(04 ,2550E-04 e 23l =% 119,003
2 V.1374r ) 0.127210 01 Nel2T5E 01 Bi.s34
3 Ve QCQUE O GO0 O JdJCCdEk 0 Je JUQ

CUDRDINATES LF TESTING PUINT

X= G467 v Y= O, 303 NG Z= 0, 0)F W)
FIELD
J E(J) AASNT TUDE PHASE
1 =0.1362E=05 =0,55T70F=0% N.6130E-1:5 =132.842
2 =Ue4901E N0 =6,3f{80E CN 2.61338 3 =-142.3143
3 0.COCOF 0y 0A0C0E 00 C.00I0E 9D 6000




