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» LIST OF FIGURES

l.... Two-dimensional cross section of the volume in whiéh
Green's theorem is applied f;r‘the exterior region.

2.... Cross section and coordinate system of a scatterer,

3.... Cross section of the volume in %hich Green's theorem is
applied for the interior region,

4,,,. Refraction at a local site,

5.... Approximate cross section of the saattérer.

6.... Constant current density distribution,

7.... Quadratic current density distribution.

8.... Geometry of the contour integration through the point of
singularity,

9.... Geometry of the numerical integration across the jth in-
terval using Simpson's rule with n=2,

10... Approximatioﬁ to the cylinder contour obtaingd when 20 }nter-

vals are inscribed within a cylinder.

11... Real part of the equivalent electric surface currentldensity
on the surface of a perfectly condicting cylinder as .a’
function of sampling densiéy.

12,.. Imaginary part of the equivalent electric surface current
gensity on the surface of a perfectly qonducging cylinder
as a function of sampling density. , ) -

i3... Reél part of the horizontal magnetic field intensity scattered
by a perfectly conducting cylinder as a f;nction of sampling
density,

14... Imaginary part of the horizontal magnetic-field intensity

scattered by a perfectly conducting cylinder as a function
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of,sampling.aensity.

15..:Real part of éhe vertical magnetic field intensity scat-
tered by a perfectly conducting cylinder as a function
of sampling demsity.,

16... Imaginary p%rt of the wertical magnetic field intensity.
scattgred by a perfec%ly conducting cylinder as a function
of sampling density.

17... Real part of the axial (y)‘magnetic field intensity scat-
.tered by a berfectiy conducting cylinder as a functiom -
of sampling demsity.’

18... Imaginary part of the axial éy) magnetic field intemsity
scattered by a perfectly:conducting cylinder as:a,fuﬁction
of sampling density,

19... Hypothetical curve of.Hl:} (k {‘F_‘f;'l) or H(:) (k i'F—F" )\
across the jth intgrval,‘with the best parabola interpreted
for the point of observation'qlose to the contour intérval,

20.... Hypothetical curve of Hg}(_k[?-i’s’ l) or H?) UZ]F-P")

.across the jth interval, with the best paraboia interpreted
for the point of observa;ioﬁ to one side of the contour
interval.

21... Geometry of the small argument épproximation use& to inte-
grate across the jth interval.

22... Real part of the axial (y) magnétic field intensity scattered
by a peéfectly conducting cylinder as predicted by the
parabolic approximation and the small argument approximation.

23... Imaginary part of the‘'axial (y) magnetic field intensity
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gcattered by a perfect}y conducting cylinder as pre-
dicted-by the parabolic approximatibn ;nd the small
argument approximation.‘

24,.. a) Cross sec?ion of a slab,

b) Detail of the cross section of one corner of thgqslab.

25... Maénitudé of the.equivaleﬁt electric surface‘current den-
sity on the surface of a perfectly conductiné-slab as a
function 6f sampling density;

26... Phase of the'equivaléht electric surface ‘current density on
the surface of a perfectly ¢conducting slab as a function
of éam@iing density; -

27... Horizontal magnetic f£ield intensityﬁscattered by.a perféctly
conducting slab as a funét@on of sampling éensity;

28... Vertical magnetic field intensity scattered by ? perféctly
‘conduéting slab as a functign of sampling density,

29.,, Horizontal magne£ic\field‘1ntensit§ scatteéed by pérfectl&
conducting circular cylinders as a4 function of whole-space"
conductivity,

30... Vertical magneti; field intensity scattered by-perfectly
conducting ci;cular cyligders.as a function of whole-gfaée

conductiviti.

31... Horizontal magnetic field intensity scdttered by perfectly
conducting cylinders as a function of wﬁole~5pace‘conductiv-
ity, . k

32... Vertig;i magnetic field intensity scatteréd by perfectlf

conducting cylinders as a function of whole-space conducti-


http:cylinders.as

213

vity.

Figure 33... Horizontal magnetic fiéld intensity scattered by
perfectly cbnducting‘cylin&;rg as a functi;h of ‘
frequency.

Figure 34,.. Hofizontal‘ﬁagnetic field intensity scattered“by perfectly
conducting cylinders as a funétion of frequency. ‘

Figuré 35... Horizontal magnetic field intensity scattered by perfectly
conducting cylinders as a function of frequency.

Figure 36,,. Variation of amplitude (Hy) as a func&ion of log (MR)
and )\/é’ for a point of ,obser{{ation 20 m, ai:ove a’
perfectly conducting circular cylinder of radius 100 m.

Figure 37... Variation of phase (Hy) as a function of log (A/g) and, X/éi
for a point of observation 20 ﬁ. above a perfectly con-
ductigg cylinder of radius 100 m.

F{gu}e 38... Comparison of the horizontal @agnetic field intensity-
scattered by a perfectly cqnductigg circular eylinder as
préaicted by thejanalytical sélution énd MEyér‘s solution,

Fiéure 39..._Comparison of Ehe vertical magnetic field intensity'sé;t;
tered by a perfectly conducting circular cylinder as pre-
dicted by the analytical'solution and Meyer's solution,

Figure 40,.. Real part of the horizontél magnetic field intensiﬁy scat-1
tered by a perfectly conducting cylinder as a function of

sampling density per wave length,

Figure 41,.. Imaginary part of the horizontal magnetic field~intensity
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scattered by a perfectly conductiné cylinder as a function
of sampling density per wavelength.

Variation in the predicted real part of the horizontal
magnetic field intensity scattered by a perfectly conducting
cylinder as a function of integration accuracy,

Comparison of analytical and numerical results for the hori-
zontal magnetic field intensity scattered by a finitely
conducting cylinder which has been sampled 40 times,
Comparison of analytical and numerical results for the
vertical magnetic field intensity scattered by a finitely
conducting cylinder which has been sampled 40 times,
Comparison of analytical and numerical results forxr the
horizontal magnetic field intemsity scattered by a

finitely conducting circular cylinder which has been sampled
40 times.

Comparison of analytical and numerical results for the
vertical magnetic field intensity scattered by a finitely
conducting circular cylinder which has been sampled 40
times,

Profile of the right half of a hill on a conductive half-
space,

Vertical magnetic field intensity scattered by a hill as a
function of the section size (-a,a),

Vertical magnetic field intensity scattered by a hill as a

a function of the sampling density at the edges of section

(-a,a).
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Vertical magnetic field intefisity scattered by a hill as

a function of the sampling density on the hill,

Horizontal magnetic'field intensity scattered by a hill.
for a constant flight level and a contour flight level.
Equivalent electric surface current density induced on the
surface of a finitely conducting circular cylinder as a
function. of sampling density.

Equivalent magnetic surface current density induced on the
surface of a finitely conducting circular cylinder as a
function of sampling density.

Horizontal magnetic field intensity scattered by a finitely
conducting cylinder as a function of sampling density.
Vertical magnetiﬁ field intensity scattered by a finitely
conducting gylinder as a function of sampling density.
Comparison of the arbitrary impedance and arbitrary surface
impedance solutions for the horizontal magnetic field
intensity scattered by a finitely conducting cylinder,
Horizontal magnetic field intensity scattered by a dielectric
cylinder as a function of sampling density.

Equivalent electric surface current density inducéd on the
surfacé of a cyliﬁder with the same electricallpafameters
as the conductive whole-space.

Equivalent magnetic surface current density induced on the
surface of a cylinder with the same electrical parameters
as the conductive whole-space.

Horizontal magnetic field intensity scattered by a cylinder
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with the same electrical parametérs as the conductive
whole-space as predicted‘gy the general intégral representa-
tions.

Horizontal magnetic field intensity scattered by,é fiﬁitely
conducting cylinder,

Horizontal magnetic field intensity scattered by a finitely
conducting slab as a function of sampling density.-

Vertical magnetic field intensity scattered by a’finitely
conducting slab as a function of sampling density, |
Coordinate systeﬁ used in deriving:the analytical solution
to fields scattered by a cireular cylinder in the presence
of a parallel electric line source.

Equivalent electric surface current density induced on the
surface of a Perfectly conducting circular cyiinder by an
Ey—polarized line source as a function of sampling density.
Horizontal magnetic field infensity scattered by‘a perfecfly
conducting cylinder in the presence of én‘Ey-polarized

line source as a functiop of sampling density,

Vertical magnetic field intensity scattered by -a perfectly
conducting cylinder in the presence of an Ey-polarﬁzed,line
source ds a function of sampling deﬁsity;

Cross section of the sampling distribution on a circular
cylinder chosen for a-line source locaéed directly above the
qyiinder.

Horizontal magnetic field .intensity scattered by a perfectly
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conducting slab in the presence"of'qn Ey-polarized line
line source as alfunction of sampling demsity. -

Figure 70... Vertical magnetic field intemnsity scattered by a perfectly
conducting‘slab in the prgsenéé of an Eyrpolarize& line ‘
sou%ce-as a function- of sampling.density.

Figure 71... Cross section of a cylinder in a conductive half-space
%ith an arbitrary earth-air profile.

Figure 72,.. Horizontal magnetie ﬁield intensity scattered by a finitely
conducting cylinder in an equivalént whole-space as a
function of the section size (-a,a).

Figure 73.,,. Horizontal maghetic field intensity scattered by a finitely
conducéing cylinder in an -equivalent whole-space ‘as a
funétion of the sampling density on the topographic profilé.

Figure 74,... Horizontal magnetic field intensity -scattered by a finitely
conducting cylinder in an eguivalent whole-space as é function
of Re,

’Figure‘75... Horizontal magnetic field intemsity scattered by a fimitely
conducting cyliﬂder ip an equivalent whole=-space as a
function of sampling-density on the cylinder,’

Figure 7?... Vertical magnetic field intensity scatte;éd by a finitely
conducting cylinder in an equi&aleqt whole-&pace as a
function of the sampliﬁg density oﬁ the topogr;phic profile,

Figure 77... Equivalent electric surféce éurrent deﬁsity induced on the
;urface of a cylinder in aﬁ equivalent whole-space,

Figure 78... Equivalent magnetic surface current density induced on

the surface of a cylinder in an equivalent whole-space,.
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Figure 80,..

Figure 81...

Figure 82...

Figure 83...

Figure 84.,,.

Hérizoh£al.ﬁégnetic field intensity reflected by an
equivélent hélf—space as a function of the sampling
density on the éylinder and topographic contours.,
Compérisoﬁ of the horizonéal magnetié field intensity
scattered by a finitely cbnductiﬁg cylinder in & con-
ductive half-space with thét-field scattereé by finiteiy

conducting cylinders 'in a conductive. whole-space.
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Comparison of the vertical magnetic field intensity'séat-.

tered by a finitely conducting cylinder in a conductive

half-space with that field scattered by finitely conduct-

ing cylinders in a conductive whole-space,
Comparison of the horizontal magnetic field intensity

scattered by'é-finitely coﬁducting cylinder in a con-

ductive half-space with that field scattered by a finitely

conducting cylinder in a conductive Whoie-spaée.
Comparison of the equivalent electric surface cufrgnﬁ
density induced on the surface of a finltely conducting
cylinder in a conductive half-space.wifh'that induced
on the surface of a finitely conducting'cylinder in a
conductive whole~space,

Comparison of the equivalent ﬁagnetic surface current

density induced on the surface of a finitely conducting

cylinder in a conductive half-space with that induced on the

surface of a finitely conducting cylinder in a conduétive‘

whole~spacg.

Figure 85,.. Horizontal magnetic field intensity scattered by a finitely
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Figure 93,.,

Figure 94..,
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conducting cylinder in an equivalent whole-space at a

frequency of 30,000 hz,

_Horizontal magnetic field intensity scattexed by a finitely

conducting slaB in a conductive half~-space.

Vertical magnetic field intensity scattered by a finitely
conducting slab in a conductive half-space.

Phase of the vertical magnetic field intensity scattered

by a finite;y conducting slab in a conductive half-space,
Equivalent electric surface current density induced in the
surface of a finitely conducting slab in a coanductive haif—
space,

Equivalent magnetic surface current density induced on the
surface of a finitely conducéing slab in a conductive half-
space.

Imaginary part of the horizontalimagnetic field intensity
scattered by a hill on & conductive half-space as a function
of the sampling density.

Imaginary part of the horizontal magnetic field intensity
scattered‘by a hill on a conductive half-space as a function
of Re and the sampling density.

Imaginary part of the horizontal magnefic field intensity
scattered by a hill on a conductive half-space as a Ffunction
of the section size (-a,a):

Horizontal magnetic field intensity scattered by a hill on a
conductive half-space for a constant flight level and a

contour flight level: a) Real (Hy), b) Imaginary (Hy).
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95... Vertical magnetic field inténsity scattered by a hill on
a conductive half-space for a comstant flight level and a
contour f£light level.

... Geometry‘for'the problem of scattering from a slab buried
within a hill,

97... Horizontal magnetic.field intensity scattered from a slab
of conductivity 10-l ,mhos/m buried within a hill of con-
ductivity 10-3 mhos/m,

98... Vertical magnetic field intensity scattered from a2 slab of
conductivity 10-1 whos/m buried within a hill of conducti-
vity 10'—'3 mhos/m,

99,.. Horizontal magnetic field intensity scattered from a slab
of conductivity 10 mhos/m buried within a hill of conducti-
vity 10”3 mhos/m, ' ‘

100... Vertical magnetic field intensity scattered f?om a slab
of conductivity 10 mhos/m, buried within-a hill of conduc-.
tivity 10-3 whos/m, '

101... Horizontal magnetic field intensity scattered from a slab
of conductivity 10“}}\ gﬂggelg within a hill of conductivity‘
10-ZL mhos/m,

102... Vertical ﬁagnetic field intensity’scattered from a slab
of conductivity 10—1'mhosfm buried within a hill of con-
ductivity 107 mhos/m.

103... Coordinate system used in deriving the analytical solution

to the fields scattered by a circular cylinder in the

presence of an E -polarized plane wave,
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Figure 104..., Coordinate system used in cié'ri_"\ririg‘ the small argument

solution for'thg jth interxval.
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Cane

C.O.

nnr’-ﬂﬁr\ﬁﬁﬁﬁﬂﬁﬂnnnﬁnnnnnﬁﬂﬂﬁnnﬁnnnnﬁﬁnnnﬂﬂnnhnﬁ.nnnﬂn
' »
»

PROGRAM HAFSPAC{INPUT ,OUTPUT) $69.153
HAFSPAC CALCULATES THE MAGNETIC FIELD INTENSITY SCATTERED BY A
FINITELY CONDUCTING CYLINDER IN A CONDUCTIVE HALF~SPACE. THE
INCIDENT FIELD IS ASSUMED TO BE AN EY-POLARIZED PLANE WAVE.
IF PHI IS NOT 180 DEGREESs THE PROGRAM IS NOT VALID.
NOTE THAT THIS PROGRAM ASSUMES ALSO THAT THE TOPDGRAPHIC CONTOUR
AND CYLINDER CONTOUR ARE MIRROR SYMMETRIC ABOUT THE I-AXIS. IF A
NON-SYMMETRIC SCATTERER 1S TO BE CONSIDERED, THE CARD(S) WHICH
HAVE AN % IN COLUMN I MUST REPLACE THE CARD{S! WHICH FOLLOW IT
(THEM).
INPUTS ARE...LCOP — THE NUMBER OF TIMES THE SOLUTION IS TO BE
CONSIDERED {AND HENCE ALL NEW INPUT DATA).
LLX - THE NUMBER OF STATIONS ‘AT WHICH THE SCATTERED
FIELD IS TO BE CALCULATED. .
NDEPTH - THE NUMBER OF BURIAL DEPTHS AT WHICH THE
CYLINDER IS TD BE PLACED. THE SOLUTION IS
REPEATED ASSUMING ALL. GTHER PARAMETERS ARE
THE SAME.
NTOPO ~ THE NUMBER OF INTERVALS INTO WHICH THE
TOPOGRAPHIC CONTOUR HAS BEEN. DIVIDED. THE
PROGRAM ASSUMES THAT NTOPO IS ODD (THE CENTER
OFf THE MID-PROFILE INTERVAL IS AT X=0.). THE
FIRST TOPOGRAPHIC INTERVAL IS ON THE'LEFT -
HAND OR NEGATIVE X-AXIS SIDE AND THE LAST
INTERVAL IS ON THE RIGHT HAND SIDE. '
NINHOM:- - THE NUMBER OF INTERVALS INTO WHICH THE
INHOMOGENEITY CONTGOUR HAS BEEN DIVIDED. THE
PROGRAM ASSUMES NINHOM IS EVEN .THE CENTER
OF THE FIRST INTERVAL IS AT X=0s ON THE TOP
OF THE CYLENDER, AND THE INTERVALS ARE
DESCRIBEC CLOCKWISE FROM HERE.
NAl - THE ORDER N IN SIMPSONS RULE PLUS 1 (THUS NAl
IS ALWAYS 0DD).NA1 DETERMINES INTEGRATION
ACCURACY ON THOSE CONTOURS FOR WHICH /KR/ .i7.
RE DVER THE ENTIRE WIDTH OF A SAMPLING INTERVAL
I'N THE EARTH. NORMALLY 3 OR 5 IF CONDUCL IS
1.E-03.
NAZ - SAME AS NAl EXCEPT THAT /KR/ .LT. RE OVER THE
ENTIRE WIDTH OF A SAMPLING INTERVAL IN THE
CYLINDER. NORMALLY 3 TG 11, DEPENDING ON CONDUC2.
ITER - MAXIMUM NUMBER OF BISECTIONS OF THE INTEGRATION
INTERVAL USED IN SUBROUTINE RMBRG. NORMALLY
ABOUT 10.
PHI — THE ANGLE OF INCIDENCE, MEASURED CLOCKWISE
FROM THE VERTICAL Z2-AXIS. PHI MUST BE 180 DEGREES.
HO - THE INCIDENT FIELD INTENSITY. (NORMALLY TAKEN
TO BE 1.)
X0 - THE INITIAL STATION.
XINT — THE STATION INTERVAL.
RE — THAT VALUE FOR WHICH THE 3MALL ARGUMENT SOLUTION
1S USED IF /KR/ .LT. RE GVER THE ENTIRE WIDTH
OF A SAMPLING INVERVAL. NORMALLY ABOUT .5.
TOLER - THE UPPER BOUND OF THE ABSOLUTE ERROR. THIS
VALUE IS USED ONLY IN SUBROUTINE RMBRG. NORMALLY
«001.
SAMPLE ~ THE INTEGRATION SAMPLING RATE PER WAVELENGTH



(SEE SECTION 4~3 OF THESIS FOR AN EXPLANATION
OF THIS PARAMETER).SAMPLE IS USED TO DETERMINE

INTEGRATICN ACCURACY ALONG THE TOPOGRAPHIC
PROFILE. NORMALLY 20. TO 30,

ACC - DETERMINES THE WIDTH OF THE INTERVAL {DELTA/ACC
+DELTA¥®ACC) DVER WHICH FUNC 1S NUMERICALLY
INTEGRATED. NORMALLY ABOUT 30.

.20 - ELEVATION OF THE SURVEY OR FLIGHT L EVEL.

21— DEPTH TO THE TOP OF THE INHOMOGENEITY.

FREQ — THE FREQUENCY OF THE INCIDENT FIELD.

DIECSTO - THE DIELECTRIC CONSTANT OF YHE AlIR. -

MAGPERO - THE MAGNETIC PERMEABILITY OF THE AIR.

CONDUCO ~ THE CONDUCTIVITY OF THE AIR.

DIECSTL - THE DIELECTRIC CONSTANT OF THE EARTH. $69.153
MAGPER1 - THE MAGNETIC PERMEABILITY OF THE EARTH. $69.153
CONDUCY - THE CONDUCTIVITY OF THE EARTH. $69.153

DIECST2 - THE DIELECTRIC CONSTANT OF THE INHOMOGENEITY.
MAGPERZ --THE MAGNETIC PERMEABILITY DF THE INHOMOGENEITY,
CONDUCZ - THE CONOUCTIVITY OF THE INHOMOGENEITY.

SCX{JyK) AND SCZUJ,K) — THE COORDINATES- OF THE EDGES OF THE
INTERVALS WHICH DESCRIBE THE CYL INDER AND
TOPOGRAPHIC PROFILES.NOTE THAT THE CYLINDER
PROFILE MUST BE READ IN FIRST, AND ONLY THE
NEGATIVE HALF OF THE TOPOGRAPHIC CONTOUR IS READ. IN.

ees SUBROUTINES CALLED BY HAFSPAC ARE

PATTOP, DATHOM, SMARG, HINTOl, ACURAT, APPROXs ANS!ER. EHHFSP,

EHFTSP, CUPIEQ,s MANDX, CINVER, INVERT, FIELDSs FUNC, AND RMBRG.

Cees NOTE THAT ALL UNITS ARE MKS. :

DIMENSION SIJR(90,90) ,51JE({90+90),FIELDR(200),FIELDI(200),20(50},
1CURDEN(200) +TEMP(2,200)5Z2110)FIELD(200])

DIMENSION XT(50)sSHXR(50) SHIR(50)+SHXI(50),SHZI(50),PHASEX{50),
1PHASEZI50) ,HSECX(50) yHSECZ(50)

DIMENSION SCX(IOOgZJ,SCZ(lOO::I,X(IOD),Z(lOO),RALPHA(lOO)gSCALPH(
1100+2) +HALFW(100}

COMPLEX CARGO,BARGO,CARGZ,BARGZ:HOl'HOAgHZI-HZA:FOI:FOA.FZI.FZA.
LTERMK s TERMPK o TERMMK s TIRMKy TIRMPK o T IRMMK y TERMM, TERMPM, TERMMM, TIRMM,
2TIRMPM, TIRMMM, TEMP,AID

COMPLEX TARGO,TARGZ2,RO1+R21,V01,T21+HPHIX,HPHIZ

ﬂﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬂhﬁﬁﬂﬁﬂﬁﬁﬁﬂﬁﬁﬂﬁﬁ

COMPLEX DARGO,DARGZ+HODsH20,4F0OD,F20 +69.167
COMPLEX PRUPCTO:PROPDS,GHLUGO;AIHPO:TACO,YIPO'ZIPO,ZAPO'CUREHF' $69.167
=CURMHF ,FIELD $69.167

COMPLEX AIMG+PROPCT1,PROPCT2,PROPLS,PROP25yAIMPL,AIMP2,TAC)Y,TAC2,
1YIP1,YIP2+ZEPL+2JP2yZAPL4ZAP2,PRIMEE, PRIMEH: CURDENs GMLOG2,CST
COMPLEX CMPXPI +ATMGPI yCPXZERy PROPLC,GMLOGy HKOOyHKQLsHKO25AT1,A12,
1A13,A14+A154A16+AlT+AIBsAT9+AT104ATI114AT12,A113+HI00,HIOL S HIO24A4]
2yAJ24A032A04,A05 54064 AT 1ASB A9 AS104AJLL,A012,A313,HIKOHIKZ24HIJ
304HIJ2

COMPLEX ISUM.HRCOEF,ERCOEF+HTCOEF,y ETCOEF, ATTEN:ATTENOrATTENl,ElNCg
1HINCgEREFL9HREFL'ETRAN51HTRANS HOINTs HLENT » HZENT o HSINT HO INT, HIINT
2yHIOINT HLLINT

COMPLEX DIFFE,DIFFH_

COMMON fZAP/ AJOPL,AMDA,BETA,AMDAPLl,ONEMAM, SMALLA,SMALLB,DELTA,
LSMALLLC .CC24SAIMA,CATMA,DCAIMA )
COMMON /ZUP/ AIOP1,AMDByBETB, AMDEP 140ONEMA

COMHON /ZIP/ DD2

COMMON /CONSTS/ ISTOP,ISTOP2, [STPLlyNTOPUP,NUPTOPsNSTP 1,NTOPHF,



INTHFUP NPTPPL y NINHHF s NUPHHF ¢ NSYMUP ,NMID NMIDUP,NSYM,NSYM2 ,NMIDM,
ZNMIDP s NSYMM,NTOPO

COMMON /VARIAB/ ITER,TOLER4ACC

EXTERNAL FUNC

REAL MAGPERO s MAGPERL ¢ MAGPER2, MUQ MUl MUZ,y IMAGKO» IMAGK1 s IMAGK2
READ 1, LOOP

BO 2000 LDD=1,L00P

READ 1y LLXyNDEPTH,NTOPOsNINHOM,NALyNAZy ITER

READ 24 PHI,HO:X0O+XINT,RE,TOLERsSAMPLE,ACC

ok ok kR

READ 24 {20(NZ) NZ=1,4LLX)

ok e ek e o ok ok

"READ 2y (Z1(ND) yND=1,NDEPTH)

READ 2y FREQ,DIECSTO,MAGPERO,:DIECST1sMAGPERLy DIECST2,MAGPER2
READ 3, CONDUCO,CONDUCL1,CONDUC2

- IF(NINHOM.EQ.0) GO TQ 12

READ 2y ((SCX{I4K)sK=1+42)+I=1+NINHOM)

READ 2, {((SCZ{I4K)sK=1,2)41=14NINHOM)

CONTINUE

FORMAT (1013}

FORMAT (B8F9.4)

3, FORMAT ({5EL15.7)

FORMAT (8E15.7)

FORMAT (5X,BE15.7}
FORMAT (1H1)

FORMAT (1HO}
FOURPI=12.56637T0614359173
TWOPI=6.2831853071795865
PI=3.14159265358979324
HALFPI =1.570796326T794897
THOIPI=.6366197723675813
RADTAN=.017453292519943296
FOUR =4. 0000000000000CG0
THREE=3.00000000000000000
Twh=2.000000000000000C
ONE=1,00000000000000C .
GAMMA=.5T7721566490153286
ZERO=.0000000000000000
AIMG=CHPLX({ZERD,ONE}
ATMGPI=AIMG/PI
CMPXPI=TWO*AIMGPI
CPXZER=CMPLX{ZERD,ZERQ)
PHI=PHI*RADIAN"
HX=HO*SIN(PHI-~HALFPI)
OMEGA=THWOPI*FREQ
AMU=FOURPI *1.E-OT7
MUD=MAGPERO*AMU
MULl=MAGPERLI*AMU
MU2=MAGPERZ*AMU
F1P=MUO*OMEGA
HIP=MU1*OMEGA
GIP=MUZ*OMEGA
FIPPEE=FIP/FOUR
HIPPEE=HIP/FOUR
GIPPEE=GIP/FOUR
EPA=8.8539803E-12

$69.147
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http:IF(NINHOM.EQ.01

EPSILOO=DIECSTO*EPA
EPSILO1=DIECST1%EPA
EPSILO2=DIECSTZ*EPA _
AO=CONDUCO/ {EPSILOD*OMEGA)
ASD=AQ*AC

ARO=SQRT{ONE+ASQ)
BO=MUO*EPSILOO/TWD
REALKO=0OMEGA®SQRT { BO*{ ARO+ONE))
IMAGKO=0OMEGA*SQRT { BO* ( ARO-ONE) )
Al=CONDUCL/{EPSILOL*OMEGA)
AS1=A1%Al

AR1=SQRTIONE+ASL)
Bl=MUl*EPSILOL/TWO
REALK1=0MEGA%®SQRT(B1*(ARL+0ONE))
IMAGK1=0OMEGA%SQRT{B1*(AR1-ONE) )
A2=CONDUC2/(EPSILO2%0OMEGA)
AS2=A2%A2

AR2=SQRT{ONE+AS2):
B2=MU2*EPSILO2/TWO
REALKZ=0OMEGA%SQRT (B2% (AR2+ONE}}
IMAGK2=0OMEGA%*SQRT{B2% ( AR2-0ONE))
PROPCTO=CMPLX (REALKO, I MAGKO)
PROPCTL=CMPLX{REALK], IMAGK])
PROPCT2=CMPLX{REALKZ2, IMAGK2)
PROPOS=PROPCTO*PROPLCTO
PROPLIS=PROPCT1*PROPCTL
PROP2S=PROPCYZ*PROPLT2
PROPLC=PROPLS*PROPCTL .
GMLOGO=GAMMA+CLOG { PROPCTD/TWO)
GMLOG=GAMMA+CLOG (PROPCT1/THWO)
GMLOG2=GAMMA+CLUG (PROPCT2/THWD)
ABSKO=CABS{PROPCTO)
ABSK1=CABS(PRGPCYT1)
ABSK2=CABS(PROPLTZ)
WAVELO=TWOP] /REALKD
WAVEL1=TWOPI/REALKL
WAVELZ2=TWOPI/REALKZ2
WAVITO=WAVELQ/SAMPLE
WAVITL=WAVELL/SAMPLE
SKINDO=0NE/TMAGKO
SKIND1=0ONE/IMAGK]
SKIND2=0ONE/IMAGK2
AIMPG=FIP/PROPCTO
AIMP1=HIP/PROPLT1
AIMP2=GIP/PROPLTZ
TACO=PROPCTO/AIMPO
TAZL=PROPCTL/AIMPL
TAC2=PROPCTZ2/AINP2
YIPO=AIMG*PROPCTO/FOUR
YIPL=AIMG*PROPCTL/FOUR
YIP2=AIMG*PROPLT2/FOUR
2IPO=0ONE/ (FOURZAIMPO)
ZiP1=0ONE/.(FOUR*AIMP1)

Z1P2=0NE/ (FOUR%AIMP2)
ZAPD=Z1PO%PROPLTO
ZAP1=ZIPL*PROPCTL
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15
i6

17

IAP2=1T1P2%PROPCT2
CST = PROPLTO/(12.%AIMPO)

I STOP=NTOPO+NINHOM
JSTOP=1ISTOP
1STOP2=2%1STOP
JSTOP2=ISTOP2
ISTP1=ISTOP+1
ISTPUP=ISTOP+2
NTOPUP=NTOPO+1
NUPTOP=JSTOP+NTOPD
NSTP1=1STOP+NTOPUP
NTOPHE={NTOPO+11/2
NHF TOP=NTOPHF-1
NHMHF P=NI NHOM/2+1
IF(NINHOM.EQ. Q) NHMHFP=0
NSYM=NTOPHF+NHNMHFP
NSYM2=NSYM+NSYM
NSYMUP=NSYM+1
NTHFUP=ISTOP+NTOPHF
NMID=NTOPHF+1
NMIDUP=NSYM+NMID
NPTPPL=NUPTOP+1
NINHHF=NTOPO+NHMHFP
NUPHHF =1 STOP+NINHHF
NTUPP=NYOPUP+1
NINHFM=NINHHF-1
NMIDP=NMID+1
NMIDM=NMID-1
NSYMM=NSYM-1

DO 900 ND=1,NDEPTH
IF(NINHOM.EQ.O) GO TO 16

CALL DATHOM{NINHOM,S5CXsSCZsXsZsRALPHA,SCALPHyHALFW)

DO 15 I=1,NINHOM

JENINHOM+1~1

JUP=NTOPO+J

X{Juplr=x{J)

Z{JUP)=Z{J}-Z1(ND}

RALPHA (JUP)=RALPHA{J)

DG 15 K=1,2

SCX{JUP 4K} =SCX{JsK)
SCZ{JUP+K)=SCZ[J+K)~-Z1(ND)
SCALPH{JUP,K)I=3CALPH{J4K)

HALFW{JUP) =HALFWI(J)

CONTINUE

READ 23 ((SCX{I4+K)3sK=1,2)1=1,NTOPHF)
READ 2y ((SCZ{I4K) 4K=142)41=1,NTOPHF}
DO 17 I=1+NHFTOP

NIAA=NTOPHF+I1

NIBB=NTOPHF-1
SCXINIAA,1)=-SCX(NIBB,2)
SCXINIAA,2)=-SCX{NIBB,1)
SCZ{NTAA,1)=SCZ{(NIBB,42)
SCZINIAA,2)=SCZ{NIBB,y1)

CALL DATTOP(NTOPOySCXsSCZsXsZsRALPHAySCALPHsHALFW)
PRINT 10

PRINT 20
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20 FORMAT (9XsIHI +9Xs1lHK 17X y3HSCXy L TXy3HSCZy 14X 6HSCALPH/// /)

PRINT 25 +69,153
25 FORMATU(LIS5X*TOPCGRAPHIC DATA*//) - +69,153
DO 35 1=1.NTOPC $69.167
DO 35 K=1,2 +69.153

DELT=SCALPH({I,K}/RADIAN
PRINT 30, I,KySCX(I4K)SCZ{E+K)yDELY
30 FORMAT {21TXsI3)3{10X,F10.4)}

35 CONTINUE - 469,153
IF{NINHOM.,EQ.D) GO TO 46 +69,167
PRINT 40 +69.153

40 FORMAT{LIHO,15X*INHOMOGENEITY DATA®//) +69,153
DO 45 I=NTOPUP,ISTOP +569,153
DO 45 K=1,2 +69.1513
DELT=SCALPH(I ,K)/RADI AN +69.153
PRINT 30y IsKeSCX{I,K)}SCZI{I4+K)sDELY +69.153

45 CONTINUE +69.153

46 CONTINUE +69.167
PRINT 10 )

PRINT 50

50 FORMAT {9X,1HI,19X, 1Hx'19x,1Hz,15x'5HALPHA.lox'loﬂHALF WIDTH/ 777}

PRINT 25 +69.153

DO 60 I=1,NTOPC
ALPH=RALPHA({I)/RADIAN

PRINT 554 T+X{I)oZ{1))ALPHHALFHI{I) $69.153
55 FORMAT (7TX+I3+4(10X4F1l0.4)) $69.153
60 CONTINUE $69.153
IF{NINHOM.EQ.O) GO TO 66 +69.167
PRINT 40 +69.153
DG 65 I=NTOPUP,ISTOP +69.153
ALPH=RALPHA(I}/RADIAN +69.153
PRINT 554 I 4X{I)sZ{i)+ALPHsHALFWILI} +69.153
65 CONTINUE +69.153
66 CONTINUE +69.167

ZSUM=ATMPO+AIMP]1
HRCOEF={AIMPO—-AIMP] )} *HO/ZSUM
ERCOEF=~AIMPO*HRCOEF
HICOEF=-TWO*AI MPO*HO/ ZSUM
ETCOEF=—AIMPL*HTCOEF
CUREHF=-HTCOEF
CURMHF=-ETCOEF
PRINT 10
PRINT 70, CUREHFCURMHF

70 FORMAT {S5X,*EQUIVALENT ELECTRIC CURRENT =%2({1PE15. T)e SX+*EQUIVALEN
1T MAGNETIC CURRENT =%*2(1PE£15.7))

DO 80 I=1,ISTOP2 $69.167
DO B8O I=1,NSYM2
DO 80 J=1,IS5T0OP2 $69.167

DO 80 J=1,NSYM2
SIJRUI+J)=ZERD
B0 SIJI(1,Jd)=ZERO

DO 81 I=1,ISTOP2 +59.167
DO 81 [=1,NSYM2

81 FIELD(E)}=CPXZIER +69,167
DO 85 I=1.2

Dg 85 J=1,45T0P2



. 85

91

92
93

108

1080
1081
1082

109

110

TEMP (I ,J)=CPXZER
PRINT 10

DO 200 I=1,ISTOP

DU 200 I=NTOPHF,NINHHF
11=1

11=1-NHFTOP
12=1STOP+I
12=NSYM+I 1
SINAI=SIN(RALPHA(I}
COSAT=COS(RALPHA(T)
DO 160 J=1,J5TOP
IF{I.LE.NTOPO .AND. J.LE.NTOPO) GO TO 91
IF(I.GT.NTOPO .AND. 4.GT.NTOPQ) GO TO 92
NTEST=2 :

GO TO 93

NTEST=1

GO TO 93

NTEST=3

JK=J

IM=JSTOP+J |

IF(JeGEe2) GO TO 109

Jig=1

JJJK=1

JIIM=T15TP1

Ji=2 -

JK=2

JIM=1STPUP

X1JO=X{I)-SCX{Jy1}

21J0=2(1)}-SCZ{Jy1)
RIJO=SQRT(XIJO*XIJO+ZIJO*Z1J0)
DARGO=CMPLX(REALKO*RIJOy IMAGKO*RIJO}
CARGO=CMPLX (REALK1*RI JO s IMAGKL*RIJO)
BARGO=CMPLX{REALK2*RIJOy IMAGK2%4RIJO}
ABJARO=CABS(DARGO}

ABCARQ=CABS (CARGO)
ABBARO=CABS{BARGO) -

IF(NTEST-2) 1080,1081,1082

CALL HINTOL'{DARGOsHOD,FOD,IER)

CALL HINTOLl{CARGO,HOL,FO1,1ER)

60 TO 125

CALL HINTOL(CARGO,+HOL,FO1,IER)

CALL HINTOL(BARGOyHOA,FOAyIER)

GO TO 125  °

IF(J.NE.NTOPUP) GO TO 110

JJJ4=JsTOP

JJJK=JSTOP

JJIM=4STOP2

JJ=NTOPUP+]

JIK=J4

JIM=NSTPL+1

GO TO 108

Jdd=J-1

JIIK=JJJ

JJIM=gM-1

1F({J.EQ.NTOPO) GO TO 115
1F(J.EQ.JSTOP) GO TO 116

)
)
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115

116

120

125

1250
1251

1252
1253

126
127

128

Jd=J+1
JJIK=3J
JJIM=JM+1

GO0 710 120 -
JJ=NTOPO
JUK=NTOPO
JIM=NUPTOP
GO O 120
JJ=NTOPUP-
JIK=NTOPUP
JJUM=NSTPI
XI1J0=X1J2
Z1J0=71J42
RIJO=RIJ2
DARGO=DARG2
CARGO=CARGZ

.BARGO=BARG2

ABDARO=ABDARZ
ABCARO=ABCAR2
ABBARO=ABBARZ2
HQD=H2D

FOD=F2D

HOl1=HZ1

FOl=F21

HOA=HZA

FOA=F2ZA
XIJ2=X1I}-5CX{J,2)
Z1J2=Z{1)-5C2(J,2)
RIJZ=SQRT(XIJ2*XIJ2+ZTJ2*Z1J2)

DARGZ=CMPLX{REALKO*RIJ24 ] MAGKO*RIJ2)
CARG2=CMPLX(REALK1*RIJ2, IMAGKL%*RIJ2)
BARGZ=CMPLX{REALKZ*RI.J2,1MAGK2*RIJ2)

ABDAR2=CABS (DARG2)
ABCAR2=CABS(CARGZ)
ABBAR2=CABS(BARG2}

IF(NTEST-2) 1250,125141252
CALL HINTOL{(DARG2,H2D.F2D,IER}
CALL HINTOl(CARG24H21,F21,1IER)
GO TO 1253

CALL HINTOL(CARG2,H21+F21,1ER)
CALL HINTOLl(BARG2,H2ZA,F2A,]IER)
AJOPL=HALFW{J) +HALFW{JJ)
AJOM1=HALFW({J)+HALFW{ JJJ)
AMDA=AJOPL/AJOM]

.BETA=AJOPL*AJOML

AMDAPL=AMDA+ONE

CNEMAM=0ONE-AMDA
W2=HALFHW{J)*HALFW(J)

IF(I.NE.J) GO TO 130

TFINTEST=2} 128.,126+129

PRINT 127

FORMAT (10X ,*ERROR IN NTEST DETECTED
CAaLL EXIT
NTO=3+2*IFIX(HALFWII1})/HAVITO} .
NTI=3+2%IFIX{HALFW{I)/WAVITL}

IN I=J TEST*)

CALL SMARG{NTO,CMPXPI yABSKO,PROPCTO.GMLOGOyHALFW(J),
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=ABDARZ yH2D,F2D ,HKOD yHKO2yHIKO 4HIK24RE) +69.167
CALL SMARG(NTIcCHPXPIsABSKI,PRUPCTluGHLOG,HALFH(J} ABCARZH21,F21, +69.167

=HJ00,HU02 yHI 30 sHIJ2 4 RE) +69.167
HKOO=F I PPEE*HKO0+HI PPEE*HJOO0 +69.167
HIKO=2]1POXHIKO+Z1PL*HI S0 . +694167
IF(I.EQ.1 .OR. I.EQ.NTOPD) GO TO 1280 ,+69.168
HKO2=F | PPEE*HKO2+HI PPEE*HJO02 L +69.167
. HIK2=ZIPO®HIK2+ZIP1*HIJ2 -+694167
GO TO 1290 +69.167
1280 TERMK=HKOO +69.168
TERMPK=CPXZER . +69.168
TERMMK=CPXZER +69.168
TERMM=C PXZER +69.168
TERMPM=CPXZER +69.168
TERMMM=CPXZER +69.168
TIRMK=CPXZER +69.168
TIRMPK=CPX2ER . +69.168
TIRMMK=CPXZER . 469,168
TIRMM=HIKO . +69.168
TIRMPM=CPXZER +69.168
TIRMMM=CPXZER +69.168
GO TG 155

129 CALL SMARG {NA]l CMPXPI s ABSK1,PROPCT1,.GMLOG,HAL FH{.J )}y ABCARZ2,H2Y,F21,
LHKOO +HKO2 ¢ HIKO sHIK2 3 RE )
CALL SMARG (NA_Z +CMPXPI s ABSKZ yPROPLCT 2, GMLOG2, HALFN(J ) ABBARZ,HZA,F2A
1+HJIO0,HJI0Z yHIJO4HTIJZ2RE)
HKOO=HIPPEE*HKOD+GIPPEE*HJOO
HK02=HIPPEE*HKOZ2+GI PPEE*HJO2
HIKO=ZIP1*HIKO+Z1P2*H] J0
HIK2=2ZIP1l*KIK2+ZIP2*H1J2
1290 TERMK=HK(QO-HKOQZ2/BETA $69.167
- TERMPK=HKOZ/(AMDAPI1*BETA)
TERMMK=-AMDA*TERMPK
TERMEM=LPXZER
TERMPM=CPXZER
TERMMM=LPXZER
TIRMK=CPXZER
TIRMPK=CPXZER
TIRMMK=CPXZER
TIRMM=HIKO-HIK2/BETA
TIRMPM=HIKZ/ (AMDAP1*BETA)
TIRMMM=—AMDA*TIRMPM
GO TQ 155 $69,167
130 SINALI=SIN(RALPHA(J))
COSAL=COS{RALPHA(J))
SMALLA=XIJO*SINAL-2TJ0*C0OS5A1
SMALLC=HALFW({J)+SHALLA
SMALLB=HALFW(J)}+SMALLC
DELTA-—(XIJO*CDSA1+ZIJO*SINA1)
DD2=DELTA*DELTA
CC2=SMALLC*SMALLC
SAIMA=SINA}*CDSAI-QDSAI*SINAI
CATMA=SINAI®SINAL+COSAI*C0OSAL
DCAIMA=DELTA%*CAIMA
IF(NTEST-2) 135,140,145 +69.167
135 IF(ABDAROL.GTLRE .UR. ABDARZ2.GT.RE) GO TO 1350 +69.,167


http:ABOAR2.GT.RE
http:IF(ABDARO.GT.RE

CALL ACURATIPROPCTOPROPOSyGMLOGO s HODyH2Dy FODy FZDy HKOO,HKO14HK D2,y
=AT1 Al 2+A134A14,AI5+,AT64AIT4AIB,AI9+AIL0,ATI1L,ALIL2, AlIl3)
GO 7O 1351
1350 CONINT=SMALLB-SMALLA
NTO=3+2*[FIX({CONINT/WAVITO) .
CALL APPROX{NTO,HOD :H2D,FOD, FED'pRUPcTO'HKOD'HKOI!HKOZ'AIIQAIZO
=AI3,A14,A15,A16,A17,A18,A19,A110,A111,AT12,AT13)}
1351 IF(ABCARO.GT.RE +0R. ABCARZ2.GT.RE) GD FTO 1352
CALL ACURAT{PROPCTl1PROP1$'GMLOG'H011HZI’FOIIlelHJOO!HJollHJOZI
=AJ1l4Ad20803 0404, A054A06,A0T +AJB AT AJLI0,AJ11,AJ12,A013)
GO Tg 1353
1352 CCONINT=SMALLB-SMALLA
NTL=3+2%IFIX(CONINT/HAVIT1)
CALL APPROX(NTIL sHOLlHZ219yFO014F21,PROPCT1sHJOOs HI01,HIOZ2:AJ 1 AL2,
TAJ3 A4 A5+ AJ6 AT s A8 AJ9,AJ10AJL1,AS124A013)
1353 HKOQ=FIPPEE*HKOO+HIPPEE*HJIO0
HKO1=FIPPEE*HKO1+HIPPEE*HJO1
HKO2=FIPPEE*HKQ2+HIPPEE*HJD2
AIl=YIPO*AI1+YIPl1*AJ]
AIZ=YIPO*AI2+YIPL*A )2
AI3=YIPO*AI3+YIP1*AJ3
Ala=YIPO*XAI4+YIPL*A ),
AIS=ZAPO*AIS+ZAPL*AJS
AL6=ZAPO:AI6+2APLEAJS
AIT=ZAPO*AIT+ZIAPL*AJY
ALIB=ZAPO*AIB+ZAPL*AJSB
AT9=ZIPO*AIO+ZIP1L*AJ9
AT1O0=ZIPO*AT10+2IP1*AJLO
AT11=ZTPO*AI11+ZIP1%AJ11
AllZ2=ZIP0*Al12+7IP1l*¥AJ12
Al13=ZIPO*AI13+ZIPL1*AJ13
GO T0 150
140 IF{I.GT.NTOPO) GO TO 1402
IF(ABCARO.GT.RE .0OR. ABCARZ.GT.RE) GO TO 1400
CALL ACURAT(PROPCT1 +PROPL1S,GMLOGsHOLyH21,F01,F21,HKO0,HKOL,HKO2,
1A11,A124A134A14,A1I5,A16,A17,AI8,A19,A110,AF11,AIL12,A113)
GO TO 1401
1400 CALL APPROX(NALl,HOl,H21,FOl4F2lyPROPCT1,HKOO,HKO1lsHKOZ2,A11,A12,
=AT3,AT4,AT5,A16,A1IT4AIB,AI9,A1I10+A11,A112,A113)
1401 HKOO=-HIPPEEZHK(O
HKOl==HIPPEE*HKO1l
HK02=-HIiPPEE*HK(02
All=-YIPi*All
AlZ=—-YIPL®xAl2
Al3=-YIP1*AI3
Ala=—Y]Pl*Al4
AIS=—~ZAPL%AIS
Alo=—ZAP1l*AlbL
Al7=~7APL*AIT
AlB=—-ZAPL1*AlS8
Al9=~7IP1*AIQ
AIlO=-ZIPL*AIl0
ATLl=—ZTPl*AIll
All2=~Z1IP1l*AT12
AIL3=—Z1IP1*All3
GO TO 150
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http:ABCAR2.GT.RE
http:IF(ABCARO.GT.RE
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X M N

1402 IF(ABCARO.GT.RE .0OR. ABCAR2.GT.RE) GO TO 1403
CALL ACURAT(PROPCTL ¢PROPLSyGMLOGyHOLyH21,FO1,y F214 HKOO, HKO L1 ,HKO2,
SAT1sAI2,A03,Al44AI5,AT6,A17,AIB,A19,AT10,A111,A012,A113)
GO TO 1401
1403 CONINT=SMALLB~SMALLA
NT1=3+24IFIX{CONINT/WAVIT1)
CALL APPROX(NT1,HO1,H21,F01,F21, PROPCT1, HKOOs HKO1,HKO2, AT 1,A12,
=AT3,AT44AI5,AT6,A17,AI8,A19,A110,A111,A112,A113)
GO TO 1401
145 IF{ABCARO.GT+RE.OR.ABCAR2.GT.RE) GO TO 1450
CALL ACURAT{PROPCTL,PROP1S,GMLOG,HO1sH21,FOLy F21,HKOOsHKOLsHKO2, -
LATLsALI2+AT3,AT44AI5,AT69AIT+AIBAT9,AI10,AIL1,A112,A113) .
6O TO 1451

1450 CALL APPROXINA14HOl +HZ214FOlsF21,PROPCT14HKOOyHKOLHKOZ24AT LoALI2,AE2

1,AT44A154A16,A1T+ALB,ATI9,AT10,A111,A112,A113)
1451 IF{ABBARO.GT.RE.OR.ABBARZ2.GT.RE) GO TO 1452
CALL ACURAT(PROPCTZPROPZS,GMLOG2yHOA»H2A,FOA, FZAoHJOO,HJOl HJOZ.
1AJ1I4AJ2+A03 4404 4A054AJ69A0T+AJB1AJ9,AJ10AIL1,Ad12,A013)
G0 TO 1453

1452 CALL APPROXINAZ yHOA,H2A,FOA,F2A4PROPCT2sHJO0sHIO1HJ02,AJ14AJ2,4A93

11AJ44AJ54AJ6AJT Y A8+ AJ9+AJ104AJ114AJ124Ad13)
1453 HKOO=HIPPEE*HKQO+GIPPEE*HJIO00
HKOL=HIPPEE*HKO1+GI PPEE*HJOL
HKOZ2=HIPPEE*HKOZ2+GIPPEE*HJ02
AIl=YIP1l*All+YIP2¥*AJl
AL2=YIP1*AI2+YIP2%AJ2
AI3=YIPL1*AI3+YIP2¥AJ43
AT4=YIPL*AI4+YIP2*AJ4
AIS=IAP1*AIS5+ZAP2*AJ5
AlG=ZAP1*AlG+ZAP2*AJE
AlT=ZAPL*AIT+ZAPR*AJT
AlB=IAPI*AIB+ZAP2*AJB
AT9=ZIP1*AIG+ZIP2*AJ9
AI10=Z7ZIP1*AT10+2IP2*AJ10
Alll=ZIP1*AT11+ZIP2%*AJL]l
AT12=Z1P1*AL12+Z1P2¥AJ12
AI13=ZIPL*AT13+7IP2*¥AJ13
150 CALL ANSWER {(HKOOyHKO1ls+HKOZ2yAIl,AIZ2yAl34Al4,AIS,AIG,ALT, AIS,AI9,

1AI104,ATE14AI124yAIL3+TERMK TERMPK y TERMMKy TERMMy TERMPM, TERMMMy TIRMK 4

STIRMPK s TIRMMK s TIRMM, TIRMPM, TIRMMM, AJOML,J,NTOPD)
155 TEMP (1, JK)=TEMP(1,+JK)+TERMK
TEMP{1+JM)I=TEMP(1,JM)+TERMM
TEMP (2, JK)=TEMP(2+JK)+TIRMK
TEMP {2 s JMI=TEMP {2+ JM)+TIRMM
TEMP (1 4 JJKY=TEMP(1,JJK)+TERMPK
TEMP{L s JUMI=TEMPI(Ll 4 JIM)+TERMPM
TEMP {2 JJK)=TEMP (2, JJK}+TIRMPK
CTEMP{2 4 JIMI=TEMP (2, JUM}+TIRMPM
TEMP (L s JUJKI=FEMP(1 4 JJJIK)-TERMMK
TEMP Ly JJIMI=TEMP (1 o JJJIM)—TERMMM
TEMP (23 JJJIK}=TEMP(2,y JJJK) -TIRNMK
160 TEMP(2iJJJIMY=TEMPL2,yJJJIM)-TIRVMMN
DO 165 J=1,J458T0P2
STJRAIL,J)=REAL(TEMP(1,Jd1})
STJI{ILJI=AIMAGI{TEMP(1,J1)
SIJR{IZ2,J1=REALITEMPI2,4})

+69.168
+69.168

+69.168
+69.168
+69,.168
+69.1468
+69.168
+69.168
+69.168
$69.168

$69.168
$69.168
$69.168
$69.168
$69.168

$69.168

$69.168

$69.168

+69.168
+6%9.168
+69.168
¥69.168
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* 165

162

163

164

SIJI{E2,J)=AIMAGITEMP(2,4).}-
STJR{IL,1)=REAL{TEMP({1,NTOPHF))
STJI(1141)=AIMAGL{TEMP{]1,NTOPHF)}
STJR{FL,NSYMUP) =REAL{TEMP{1,NTHFUP))
SIJI{ILNSYRUP) =ATMAG (TEMP({ 14 NTHFUP}}
IF{NINHOH.EQ.O0) GO TO 162
SIJR{{1,NMID)=REALITEMP(1,NTOPUP]))
SIJIC(IY1,NMID}=AIMAGITEMP(1.NTOPUP))
STJR{I1 NMIDUP)=REAL{TEMP(1+NPTPPL1})
SIJI{IYNMIDUP)=AIMAG(TEMP(L,NPTPPL1))
STJR(ILNSYM)=REAL(TEMP{1 ,NINHHF})}
SIJI{I1L,NSYM)=AIMAGITEMP{1+NINHHF))
SIJR(IL1yNSYM2)}=REAL(TEMP{ L, NUPHHF)}}
SIJI(ILNSYM2)=ATIMAG(TEMP (L 4NUPHHF})
SIJR(IZ2,1)=REAL(TEMP(-2,NTOPHF)}
SIJI(IZ,1)=AIMAG(TENP(2,NTOPHF))
SIJR{I2NSYMUP}=REAL(TEMP(2,NTHFUP))

SIJI(Y2,NSYMUP)=AIMAG (TEMP(2,NTHFUP))

IFININHOM.EQ.O0) GO TO 163
SIJR(IZ,NMID)Y=REAL{TEMP{2,NTOPUP))
SIJI{IZ4NMID)=AIMAGITEMP (24 NTOPUP))
STJR(I2,NMIDUP)=REAL (TEMP (24 NPTPP1}}
SIJI{I2,NMIDUP)=AIMAG (TEMPL2,NPTPP1))
SIJR{IZ24NSYM)=REAL(TEMP(2 4 NINHHF})
SIJI(I2sNSYM}=AIMAG({TEMP (24 NINHHF) }
SIJR{I2Z,NSYM2)=REAL{TEMP{Z,NUPHHF})
SIJI(I2yNSYM2)=AIMAGITEMP {2, NUPHHF })
D0 l64 J=1,NHFTOP

JUP=15TOP+J

NJ=NTOPUP-J

NJUP=1 STOP+NJ

K=NMID~J

KP=NSYM+K

AID=TEMP(L,J)+TEMP(L,NJ}
SIJRII1,K)=REAL{ALID)
SEJI{I1,K)=AIMAG(AID)
AID=TEMPI{Z,J}+TEMP{2,NJ)
SIJREIZ.K)=REAL{AID)
STJI(E2,K)=AIMAGLAID) .
AID=TEMPI{1 ,JUP)+TEMP (1 ,NJUP
SIJR{I1,KP}=REAL(AID)
STHIT1,KP)=AIMAG{AID)

AID=TEMP(2 ,JUP)+TEMP (2 ,NJUP)
SIJR{IZ,KP)=REAL(AID)
SIJI(I2.KP)=AIMAG{AID)

IFININHOM. EQ.0) GO TO 1649

D0 165 J=NTUPP,NINHFM

JUP=1STOP+J

JHOM=J~NTUPP.

K=NMIDP+JHDM

KP=NSYM+K

NJ=ISTOP—JHOM

NJUP=ISTOP+NJ
ATD=TEMP (1 4 J)+TEMP(L+NJ)
SIJR(TL,KI=REAL{AID)
STJIL11+K)=ALMAG(AID)
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ATD=TEMP{Z2 ,JI+TEMP{2Z4NJ)
STJR(I2,K)=REAL{AID)

STJT{12+K)=AIMAG{AID)
AID=TEMP{1,JUP)+TEMP(1,NJUP)
STJREI1,KP)=REAL{AID)
STJI(IL4KP}=ATMAGI{AID}
AID=TEMP{2, JUP)+TEMP(2 yNJUP)
STJRIIZ¢KPI=SREALIAID)
165 SIJI{12,KP)=A1MAG(AID)
1649 DELTA=ABSI(Z(I})
DD2=Z{I)*Z(1)
APOS=SCX(NTOPO,2)=X11)
AMIN=SCX(1,41)=X(I)
IF{DELTA.LT.1.E-05) GO TO 1650
CALL EHHFSP(AMIN.APUS,DELTA.PROPCTl.PRupls,sMLoc.ABSKl.uAvtTl.
LHOINTsHLINT ¢H2 INTyHSINTyH6 INT s HOINT s HLOINT  HLLINT 4 RE)
FIELD (11} =CUREHF*HIPPEE*HO INT+CURMHF*Z ( [)#YIP1#HLINT .
HPHIX=CUREHF ¥*YIP1*Z ([ ) #H1 INT+CURMHF*Z AP1#{ DD2%H5INT-(DD2%¥HIINT-
1HLLINT) /PROPCTL)
HPHIZ=CUREHF &Y IPL*H2INT+CURMHF*ZAPL*Z (1) *{H6 INT-THO*HLOINT/PROPCT1
1)
60 TO 1651
1650 CALL EHFTSP(AMIN,APOS,PROPCT1+PROPLS,GMLOG, ABSK1,WAVITIL, HOINT,
1H2INT ,HOINT,RE)
FIELD (11) =CUREHF*HIPPEE®HO INT ~CURMHF/ TWO
HPHIX=~CUREHF / TWO-CURMHF$ZAPL #H9 INT/PROPCT1
HPAI 2Z=CUREHF*YI PL*¥H2INT
1651 FIELD(I2)=—HPHIX*SINAI+HPHIZ*COSAI
PRINT 5, FIELD(I1),FIELD(I2)
DIFFE=FIELD(I1}
DIFFH=FIELD(I2}
IF(I-NTOPG) 1652,1652,1655
1652 IF(DELTA.LT.1.E-05) GO TO 1653
CALL EHHFSP(AMIN,APQS,DELTA,PROPCTO,PROPOS, GHLOGOs ABSKO,WAVITO,
LHOINT,HLINT4H2INT yH5INT JHO ENTy HOENTy HLOINT» HL1 INT, RE)
CFIELD(IL}=FIELD(I1)+CUREHF*FIPPEE*HO INT+CURMHF*Z{ [) %Y IPO*H1INT
HPHIX=CUREHF*YIPO*Z (1) #HL INT+CURMHF*Z APO* ( DD2*H5INT—(DD2*HIINT-
LHL1INT} /PROPCTO)
HPHI Z=CUREHF Y [ PO*H21NT+CURMHF*ZAPO*Z (1) #{ H6INT-THO*H10INT/PROPCTO
1}
60 TO 1654
1653 CALL EHFTSP(AMIN,APQS,PROPCTO»PROPOS) GMLOGO ABSKOs WAV ITOy HOINT,
1H2INT,HOINT,RE}
FIELD{T1)=FIELD(11)+CUREHF*FIPPEE*HO INT+CURMHF/THO
HPHI X=CUREHF/ TWO-CURMHF*Z APO*HIINT/PROPCTO
HPHIZ=CUREHF *Y1PO*H2INT
1654 FIELD([2)=FIELD(I2)-HPHIX*SINAI+HPHIZ#COSAI
DIFFE=FIELD(11)-DIFFE
DIFFH=FIELD(I2)-DIEFH
PRINT 6, DIFFE,DIFFH
1655 CONTINUE °
DO 170 J=1,J5T0P2
TEMP(1,4) =CPXZER
170 TEMP{2,J)=CPXZER
200 CONTINUE
310 FORMAT(1HO2X,8E16.8)
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500

297

298

299

300

XT(L)=X0

D0 500 LX=1,LLX
XT(LX+1)=XT(LX)+XINT

CALL CUPIEQUSIJR,SI41,ISTOP)

CALL CUPIEQ(SIJR,STIJI4NSYM)

PRINT 10O

DO 300 I1=1,NTQPO

DO 300 I=NTOPHF,NTOPO

1E=I

IE=I-NHFTOP

IH=ISTUP+]

IH=NSYM+IE

ELEV=ABS{Z(I1))

EXPON=EXP (IMAGKO*Z (1})

EXPOND=EXP (~IMAGKO*ELEV)
EXPONL=EXP (~[MAGKL*ELEV)
ARG=—REALKO*Z({1)

ARGO=REALKO*ELEV

ARG1=REALK1*ELEV
ATTEN=HO*EXPON*CMPLX {COS [ARG) » SIN( ARG ))
ATTENO=EXPONO*CMPLX{COS (ARGO} »SIN( ARGO )}
ATTENL=EXPONL*CMPLX(COS{ARGL} ¢SIN{ARG1)}
SALPH=SIN(RALPHA(I))}
EINC=AIMPO*ATTEN

HINC =~ SALPH#*ATTEN
EREFL=ERCOEF*ATTENO
HREFL=-SALPH*HRCOEF*ATTEND
ETRANS=ETCOEF#*ATTENL
HTRANS=SALPH*HTCOEF*ATTENL
IF(Z{L1}.GT.1.E-05) GO TO 297
IF(Z(1).LT.~1.E~D5) GO TO 298
PRIMEE=EINC+EREFL—ETRANS
PRIMEH=HINC+HREFL—HTRANS

G0 TO 299

PRIMEE=EINC+EREFL
PRIMEH=HINC+HREFL

60 TO 299

PRIMEE =—E TRANS

PRIMEH=-HTRANS

FIELDR (1E)=REAL (PRIMEE+FIELD(IE)}
FIELDI(IE)=AIMAG{PRIMEE+FIELD(IE))
FIELDR (IH)=REAL (PRIMEH-FIELD( IH))
FIELDI (IH)=AIMAG (PRIMEH~FIELD{IH})
PRINT 5, FIELDR{IE)}FIELDI(IE)4FIELDR{IH),FIELDELIH)
CONTINUE

IF(NINHOM.EQ.0} 6O TO 306

DO 305 1=NTOPUP,ISTOP

DO 305 I=NTOPUP,NINHHF

1€=1

IE=I-NHETDP

TH=ISTOP+]

IH=NSYM+IE

IF{Z{1).6T.1.E-05) GO TO 303
ELEV=ABS(Z{I)}

EXPONL=EXP (~IMAGK1*ELEV)

ARG =REALK1*ELEV
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303

304

305
306
C

C

ATTENL=EXPONL*CMPLX (COS(ARG1)4SIN{ARG1))
SALPH=SIN{RALPHA(1)}

ETRANS=ETCOEF*ATTENL
HTRANS=SALPH*HTCOEF*ATTENL
PRIMEE=ETRANS

PRIMEH=HTRANS

G0 TO 304

PRIMEE=CPXLER

PRIMEH=CPXZER

FIELDR{IE)=REAL (PRIMEE-FIELO(IE)}
FIELDI{IE)=AIMAG(PRIMEE~FIELD{IE}]}
FIELDRUIH)=REAL (PREMEH+FIELD(IH}}
FIELDI(IH)=AIMAG{PRIMEH+FIELD(IH)})

PRINT 5 FIELDR(IE)'FIELOI(IE),FIELDR(IHi'FlELDI(IHI

CONTINUE

CONTINUE

NOw PROCEED TO COMPUTE M AND K.

CALL MANDKI(FIELDR,FIELDI+SIJR,SIJICURDEN)
COMPUTER SCATTERED FIELDS.

DO 700 LX=1,LLX

otk e o KAk

NZI=LX

e el e e ol o e

SHXR(LX)=ZERO

. SHIR{LX)}=1ERD

510

515

520

SHXI (LX)=ZERO

SHZI{LX)}=1ERD

B0 600 i=1,NTOPO

IK=1

IN=ISTOP+I

IF(iI.GE.2} GO TO 510

I11=1

ITIK=1 .

TIIM=ISTOP+1

I1=2

TIK=2

IIM=TSTOP+2 !
XLIO=XT(LX}-S5CX{I,1)
ILIO=Z0INZ)=5CZ(I+1)

RLIO=SQRY (XLIO*XLIO+ZLI1D*ZLI0}
TARGO=CMPLX{REALKO*RLIO, IMAGKO*RLIQ)

"ABTARO=CABS(TARGO!

CALL HINTOI{TARGO,ROLl,TO1,IER)}
G0 TO 525

11i=1~1

ITIK=I1II

IIIM=IM~-]

IF{ILEQ.ISTOP} GD TO 515
II=I+1

IIK=1]

I1IM=[M+]

GO 1O 520

I1I=I1ST0OP -

IIK={STOP

IIM=15T0OP2

XLIO=XL12
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525

ZLI0=2112

RLIO=RLIZ

TARGO=TARGZ

ABTARO=AB TARZ

RO1=R21

T01l=T21

XLIZ2=XT(LX)}-SCX({f,42}

ZLI2=Z0{NZ}~-SCZ{I+2)
RLIZ=SQRT(XLIZ2*XLIZ2+Z2LI2*2L12)
TARG2=CMPLX[REALKO*RLEZy IMAGKO*RLI2)
ABTARZ=CABSI{TARGZ)

CALL HINTOI(TARGZ +R21+T21+1ER)
TSINAT=SIN{RALPHAI(I))
TCOSAL=COS(RALPHA(I})
ATOPL=HALFW(1}+HALFW(II)
ATOMLI=HALFW{I)+HALFW(III)

AMDB=AIOP1/AIOM]

BETB=AIOPL*AIQML

AMDBP1=AMDB+0ONE

ONEMA=0ONE-AMDB
SMALLA=XLIO*TSINAL1-ZLIO*TCOSAL
SMALLC=HALFW{I)+SMALLA
SMALLB=HALFW (I} +SMALLC
DELTA=—{XLIO*TCOSAL+ZLIO*TSINAL)
DDZ2=DELTA*DELTA

CC2=SMALLC*SMALLC
IF{ABTARO.GT.RE.OR.ABTARZ.GT.RE) GO TO 530
CALL ACURAT{PROPCTO+PROPOS,GMLOGO+ROLyR21+,TOLsT21yHKO0+HKDL,HKOZ,
1AI1+AI24A13,A14,A15,016,A17,A B+AI9,A110,A111,A]12,A113)
GO TG 535

530 CONINT=SMALELB-SMALLA

NA=3+2%IFTX(CONINT/WAVITO)
CALL APPROX{(NA,ROL3R21,701,721,PROPCTO,HKOO+HKOL,HKO2,ATI1,AI2,AI3
19sAl44AIS+AT61A T 1A184AT90AL110,A114A112,A113}

535 CALL FIELDS(PROPCTO,REALKO,IMAGKO+CSTTCOSAYy TSINAL+CURDEN, IK,IM,

600

LIIKeIIMIIIKTEIMeAIL  ATI2,4,A13,A14,A15,A16,A17,AIB8,A19,A110,A111,
2A112+AT134AT0OMLNTOPO+HPHIX HPHIZ)

SHXR LLX)=SHXR{LX)}+REAL {HPHIX)

SRZR(LX)=SHZR (LX)} +REAL{HPHIZ)

SHXI{LX)=SHXI {LX)+AIMAG(HPHIX)

SHZI{LX)=SHZI (LX)} +AIMAGIHPHIZ}

DELTA=ABS(ZOINZ})

DD2=DELTA%DELTA

APDS=SUXINTOPD 2} -XT(LX}

AMIN=SCX{1,1}-XT{LX) -

IF{DELTALLT.LLE-05) GO TO 605

CALL EHHFSP{AMIN,APOS+DELTA,PROPCTO,PROPOS,GMLOGO+ABSKO+NAVITO,
IHOINT yHLINT yH2INT 4HSINT s HOINT o HIINT 4 HLOINTyHLLINT4RE)

HPHI X=CUREHF*YIPO*ZO{NZY*HIINT+CURMHF*ZAPQO*({DD2*HS INT-{DD 2%
=HPINT-HLLINT} /PROPCTO)

HPHIZ=CUREHF*YIPO*H2 INT+CURMHF¥*ZAPO*ZO{NZ J*{HOINT-TWO*HLOINT/
=PROPCTO}

GO 10 &10

605 CALL EHFTSP{AMIN, APUS,PRDPCTD,PRUPOS,GMLUGO'ABSKO,HAVITO,HGIN?.

1HZINTHIINT,RE)
HPHIX=CJREHF/TWO-CURMHF+*ZAPO*HQINT/PROPCTO
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http:IF(ABTARO.GT.RE.OR.ABTAR2.GT.RE

610

615

620

T00

HPHI Z=CUREHF*YIPO*H2INT
EXPONO=EXP (-] MAGKO=*DELTA)
ARGO=REALKO*DELTA

ATTENO=EXPONO*CMPLX(COS(ARGO ) ySINLARGO ) )

HREFL=HRCOEF*ATTENO

HINC =HO*ATTENO
IF(ZOINZ)elTe—1.E-05) GO TO 615
HPAI X=HREFL~-HPHIX

HPHI Z=-HPHIZ

GO TO 620

HPHI X==HINC~HPHIX

HPHIZ=~HPHI1Z
SHXR{LX}=SHXR{LX)+REAL (HPHIX)
SHXT (L XI=SHXI{LX)+AIMAGIHPHIX)
SHZR(LX}=SHZR{LX} +REAL(HPHIZ)
SHZI(LX)=SHZI (LX) +AIMAGIHPHIZ)
PHASX=ATANZ (SHXI (LX) ,SHXRILX))
PHASZ=ATANZ (SHZI (LX) ¢SHZR{LX)}
PHASEX{LX)=PHASX/RADIAN

PHASEZ {LX)=PHASZ/RADIAN:
TUE=SHXI (LX) *SHXI (LX) +SHXR(LX)*SHAR{LX)
WED=SHZI(LX)%SHZI(LX)4+SHZR(LXI*SHZRI{LX)
HSECX(LX)=SQRT{TUE)
HSECZ (LX) =SQRT{WED)

PRINT 10

PRINT 710

710 FORMAT(20X,#MAGNETIC FIELDS ABOVE TwO DIMENS IONAL INHDHUGENEITIES

1

T11

IN A CONDUCTIVE HALF SPACE*)
PRINT 11
PRINT T11

FORMAT(5X,*PARAMETERS OF THE AIR ARE ..as.%])

PRINT 720, CONDUCO,DIECSTO,MAGPERO
PRINT 11

-PRINT 715
FORMAT{5Xs*PARAMETERS OF THE HALF SPACE ARE secce¥])

T15

PRINT 7204+ CONDUClDIECST1,MAGPERL

720 FORMAT (10Xy*CONDUCTIVITY =%*1PE12.3,%,*5X,*DIELECTRIC CONSTANT =1
IPEL2,3 % *5X,*MAGNETIC PERMEABILITY =#1PE12.3)

125

126

PRINT 11
PRINT 725

FORMAT (5Xs*PARAMETERS OF THE INHOMOGENEITY ARE «...*)

PRINT 720, CONDUC2,+DIECST2,MAGPER2Z
PRINT 7264 R

FORMAT (10Xs*RADIUS =*1PE12.3}
PRINT 11

PHIANG=PHI /RADI AN

PRINT 730, FREQ,PHIANG

T30 FORMAT(5X.*PARAMETERS OF THE SURVEY ARE +s+e-%10X,*FREQUENCY= =*
=) PEY1Z2a3 ¥+ *¥5X+*ANGLE OF INCIDENCE= *(OPF9.2)

135

136

n

PRINT 735, WAVELO,SKINDO.AIMPG
FORMAT(7X»*IN AIR 5 *14X,*WAVELENGTH =

* 1PEL2.3y%,*5Xs¥SKIN DEPTH

= RIPEL243+¥ 3 %5XyTHAVE IMPEDANCE = ¥1P2E12.3)

PRINT 736y WAVELL,SKINDl,ALIMP1

'FORMAT{7X,%IN THE GROUND , *7X,

*WAVELENGTH =

* LPEL243s%, *5X+*SKIN DEPTH

= ®IPE12.3,%,#5Xy#WAVE IMPEDANCE = *)P2E12.3)
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PRINT 737, WAVEL2,SKIND2,AINMP2 +63.168

737 FORMAT(TX*IN THE INHOMOGENEITY, 5 * ) +69.168
= *WAVELENGTH = * 1PEL12.3,%,%5X,*SKIN DEPTH +69.168
= = ¥1PE]12.34%,¥5X,*WAVE IMPEDANCE = *]P2E]12.3) +69.168

PRINT 11 ) ’
PRINT 738

738 FORMAT (S5X*NUMERICAL PARAMETERS ARE ceeue*)
PRINT 739, NAL,NA2,SAMPLE,RE,TOLER, ITER
739 FORMAT (7X,*NAL =#%I5,%,*5Xs ¥NA2 =*[5, %, %5X, *SAMPLE =#F8,3,%,%10X,
1#RE =%FB.3,%,*¥10Xy*TOLER =*F8.3,%, *10X,*ITER =%[5)
PRINT 11 -
Y Aokl sk ek ol
NZ=1
e o g o ek Ao ke e -
© PRINT 740,20(NZ),Z1{ND} : $69,168
-T40 FORMAT (S5Xy*ELEVATION OQF THE SURVEY IS = *FL12.3:%, *10X, *DEPTH FROM +69.168
= THE HALF SPACE TO THE TOP OF THE CYLINDER IS = * F12.3) +69.168
PRINT 11 R
PRINT 745
T45 FORMAT (LOXy*HXR%10X,¥HXI*6X, *X PHAse*xlx.*Hx*1ox.*HZR*10x.tHzrt6x
1,%7 PHASE#L1X,*HZ%4Xy ¥ELEVAT EON*6X o *STAT ION%}
PRINT 11
ool kR ok ke e e -
PRINT 750, (SHXR{LX)sSHXE(LX) s PHASEX{LX) s HSECX(LX)y SHZR(LX)SHZI(L
LX), PHASEZ (LX) HSECZILX) »ZO(LX), XT{LX )y LX=1,1LX) .
e e e depge ,
750 FORMAT (9(1X,1PE12.4),3X,0PF8.3)
PRINT 11
PRINT 11
ARG=REALKO*20{N2)
HREFL=HRCOEF* (EXP (~IMAGKO*Z0-(NZ)) ) *CMPLX (COS{ARG) s SIN(ARG) )
PRINT 751, HREFL
751 FORMAT (10X,#*EXACT REFLECTED MAGNETIC FIELD INTENSITY =#%2E12. 4)

900 CONTINUE +69,168
2000 CONTINUE
STOP $69.168

END
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105

SUBROUTINE DATTOP(NANGLE +SCXySCZyXyZyRALPHA,SCALPH,HALFN)
SUBROUTINE DATTOP TAKES THE CO-ORDINATES OF THE EDGES .OF THE [NANGLE)

INTERVALS (SCXySCZ) INTO WHICH THE TOPOGRAPHIC CONTOUR HAS BEEN
DIVIDED AND RETURNS THE CO-ORDINATES OF THE MIDPOINT OF EACH INTERVAL
{XyZ}y THE INWARD NORMAL AT THE MIDPOINT (RALPHA), THE AVERAGE
INWARD NORMAL AT THE CORNERS OF EACH INTERVAL (SCALPH), AND THE
HALF-WIDTH (HALFW) OF EACH INTERVAL.

DIMENSION SCX(1004+2)9SCZ{10042},X(100)+Z(100)RALPHA{L100)4SCALPHI(
1100+2) »HALFW(100)

Tw0=2.000000000000000

HALFPI=1,57079632679489

DD 100 I=1,NANGLE

DX=5CX(I,2}~SCX{I,1)

DZ=SCZ(1+2)-5CZ(1I,1)

DL=SQRT(DX*DX+DZI*DZ)

HALFW{I)=DL/TWO

BET=ATAN2{DZ,DX)

X{1}=SCX(I 1 )Y+HALFWLI)*COS{BET)

Z(T}=5CZ{I 1) +HALFW(I}*SIN{BET)

RALPHA (I )=BET-HALFPI

SCALPHI(1,1])=RALPHAI(L) .

SCALPH (NANGLE,2)=RALPHA{NANGLE)

NM1=NANGLE-1

DO (105 I=1,NMl

IPl=1+1

DX=X{IP1)-XI(I)

DZ=2{i+1)-Z(I)

SCALPH(I22)Y=ATAN2{DZ,DX)-HALFPI

SCALPH{IP1,1)=SCALPHII,2)

RETURN

END
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SUBROUTINE DATHOM(NANGLE SCXySCZ4XsZy RALPHA, SCALPHe HALFNW)
SUBROUTINE DATHOM TAKES THE CO-ORDINATES OF THE EDGES OF THE (NANGLE)

INTERVALS (SCX+SCZ) INTO WHICH THE CYLINDER CONTOUR HAS BEEN DIVIDED AND
RETURNS THE CO-ORDINAYES OF THE MIOPOINT OF EACH INTERVAL (XsZ)s THE
INWARD NORMAL AT THE MIDPOINT {RALPHA), THE AVERAGE INWARD NORMAL AT
THE CORNERS OF EACH INTERVAL (SCALPH), AND THE HALF- HIDTH {HALFW} OF
EACH- INTERVAL.

DIMENSION SCX{1004+2),SC2{100,2)4X{100),Z(100)4+RALPHA(100Q),SCALPH{
1100,2) yHALFHW{100)

TWO=2, 000000000000000

HALFPI=1.57079632679489

DO 100 I=1,NANGLE

DX=SCX(I,2}-SCXI(I41)

D2=SCZ(1+2)-5CZ{I,1)

DL=SGRTIDX*DX+DZ*DZ)

HALFW(I}=0L/TWO

BET=ATAN2{DZ,DX)

X(I)=SCX(1,1}+HALFWI(I)*COS{BET)

Z(I}=SCZ(1,1)+HALFH{I)YXSIN{BET)

RALPHA ({1} =BET-HALFPI

D0 05 I=14NANGLE

IPl=1+1

TF(NANGLE-I) 101'101;102

IP1=1

DX=X(IPL)=-X(I)

DZ=Z(IP1}-Z(I)

SCALPHITIZ2)=ATANZ (DZ,0X)~HALFPI

SCALPH{IPL,1)=SCALPH{I.2)

RETURN

END



SUBROUTINE SMARG {NA,CMPXPI,ABSK1yPROPCT1,GMLOGsHALFW:ABCAR2,H21,
Cese SUBROUTINE SMARG COMPUTES THE LIMITING VALUE OF THE -INTEGRALS IN
c THE SINGULAR INTERVAL.

1F21,HKOQHKO2+HIKO sHI K24 RE)

DIMENSION S2(500) '
COMPLEX CMPXPI yPROPCT1+GMLOG,H21 4 F219HKOOy HKO2,HIKO,HIK2y CPXZER,
1 SUMHOO y SUMHO2 y SUMAL y ARG HO ¢ H1 ¢ CARG2, PROD2 SPEC FACTA, FACTB,FACTC

COMMON /TERMS/ S(500) ,DIST(500),DIST2(500)sHO(500)sH1{500)

IF(NA.LT.495) GC 70 6

PRINT 5 _ o

5 FORMAT {10X*DIMENSION EXCEEDED. SUBROUTINE SMARG.*)

CALL. EXIT

6 CPXZER=(0.40.)

SUMHOO0=CPXZER

SUMHO2=CPXZER

SUMAL=CPXZER

. IF{ABCAR2.LT.RE} GO TQ 30

S{1)=RE/ABSK1

S2{1)=5(1)%S(1)

ARG=PROPCT1*S(1]

CALL HINTO1(ARG,HO{1) sH1(1) 4 IER)

DIFF=HALFN-S(1)

NMLI=NA-1

H=D1FF /FLOAT (NM1)

HTHIRD=H/3.

DO 10 L=2,NM1

S(L)=S(L-1)+H

S2(L)=S(L)*S (L)

ARG=PROPCT1*S{L)

10 CALL HINTOL(ARGyHO (L) yHL{L)4IER)

S{NA)=HALFW

S2(NA}=S(NA)*S (NA)

HO(NA) =H21

H1(NA)=F21

DO 20 L=1,4NM1,2

Li=L+1

L2=t+2

SUMHOO =SUMHOO+HO (L) +4 . %HO (L1) +HO (L 2) '

SUMHO2=SUMHO2+S2 (L) #HO (L) +4 +*S2{L1)#HO(L1)+S2(L2)*HO(L 2)

20 SUMAL=SUMAL+HI (L)/S{L)+64,*H1(L1)/S(L1)+H1{L2)/5(L2)
- SLMHOO=HTHIRD*SUMHO0

SUMHO2 =HTHIRD* SUMHO2

SUMAL=HTHIRD%*SUMAL

SMALLA=S(1)

W3=SMALLA%S2{1)

GO TO 40

.30 SMALLA=HALFW

W3=SMALLA**3

40 CARG2=PROPCT.L*SMALLA
. PROD2=CARG2*CARG2

SPEC=GMLOG+ALOG ( SMALLA)

FACTA=1.-PROD2/12.

FACTB=1.-.15%PROD2

FACTC=1.-PROD2/24.

HKOO=2 . % ( SUMHOO+SMALLA* (FACTA+CMPXPI*({FACTA*SPEC—(1.-PR0D2/9.1)))

HKO2=24 % (SUMHO2+W3* (F ACTB+CMPXPI#{ FACTB*SPEC—( 1.~ +54%PROD2)/3.)1}/3


http:IF(ABCARZ.LT

1.}

HIKO==-2.*%{SUMAL+CMPXPI/CARG2)~CARG2*( FACTC+CMPXPI*( FACTC*SPEC-{1.5
1-19.%PROD2/2884)))

HIK2={2.*¥HALFW*H21~-HK0O) /PROPCT1

RETURN

END



C...

OO0

SUBROUTINE HINTOl{Z,HO,Hl,IER}
SUBROUTINE HINTO1l CALCULATES HANKEL FUNCTIONS OF THE FIRST.KIND OF

ORDER O AND 1 (HO-AND Hl, RESPECTIVELY) FROM THE DEFINITION OF THE
MODIFIED BESSEL FUNCTICN (K} OF THE SECOND KIND. (THE SUBROUTINE TO
COMPUYE K IS A MODIFIED VERSICON OF BESK, GIVEN IN THE l.B.Ms SCIENTIFIC
SUBROUTINE PACKAGE (V. 2} ).
ENPUTS ARE Z - THE. CONPLEX ARGUMENT

HO AND H1 ~ COMPLEX ANSHER

1ER — ERROCR CODE - 0 - NDRMAL RETURN

1 ~ ABSOLUTE VALUE OF THE ARGUHENT
EXCEEDS 170C.

CGHPLEX ZeXeHO2sHL o ZILCH,A2ByCoDe BKo AXC
PI2=463661977236758134
HO=-CMPLX{0.,PI2)
Hi=—CMPLX{PI2,0,.)
ZILCH=1{0a41s)
X=-71LCH%Z
CX=CABS(X)
IF{CX.LE.1T0.) GO TO 99
IER=1
PRINT 10

10 FORMAY (1OX*ABSOLUTE VALUE OF THE ARGUMENT OF THE HANKEL FUNCTION

1 IS5 GREATER THAN 170.*}
CALL EXIT
RETURN

99 IFICX.GT-4e5) GO TO 100
% COMPUTE K(O) USING SERIES EXPANSIGN

4

B=X#%45
A=.57T2156649+CLOG{B)
C=B%*B

BK=-4A

D={1l.s0.)

F=1l.

H=0a

DO 4 J=1,10
R=1./FLOAT(J)
D=D=(C

F=F*R*R

H=H+R
BK=BK+D¥*F* (H-A)
HO=HO*BK

¥ COMPUTE K(1) USING SERIES EXPANSION:

D=B

F=13

H=1t
BK=1,/X+D% (. 5+A~H)
DO 5 J=2,12
FJ=FLOATI))

D=D*C

R=1./FJ

F=F#R%R

H=H+R.
BK=BK+D*F# ( .5+ [A~H) *FJ)
Hl=H1%8K

1ER=0

RETURN



* COMPUTE K(0) USING POLYNOMIAL APPROXIMAT ION
100 B=Y./X

AXC=CEXP{-X)*CSQRT(8B)

HO= AXC*((((((((((((.0091893830*3—.0668097672)*8+.2184518096)*B
==a4262632912)%B+.5575368367)%B-.524T277331)%8+.3792409730)%8
=-,2299850328) *¥B+.1344596228)*%8-.0913909546)*%B+,0881112782)*B
=-¢1566641816)*%B+1.2533141373) *H0

* COMPUTE K{1l) USING POLYNOMIAL APPROXIMATION

HI=AXC* (OO iii(-.0108241T775*B+.0788000118)*B-.2581303T765)%8
=+.,5050238576)%B—.6632295430)%B+,6283380681)1%B-,4594342117)%*8
=+,2847618149)%B-,1736431637) *B+. 1280426636)*B-.1468582957)*B
—+.4699927013)*B+1 2533141373)%H1

1ER=0

RETURN

END



c...

SUBROUTINE ACURAT(PROPCT1,PROP1S,GMLOG,HOLlyH21,F01,F21yHKQO,HKOL,
1HKD2Z ,A1 1+AI2,A13, A4, AI5AT6,AIT,AIBs AI9,AT10,AILLsATL2,A113)

SUBROUTINE ACURAT COMPUTES THE INTEGRALS- OF THE INTEGRAL REPRESENTIATIONS

USING THE SMALL ARGUMENT SOLUTIONS GIVEN IN APPENDIX D. _
COMPLEX AIMGPI,CMPXPI,PROPCTL,PROPLS,GMLOGyHO1,H21,F01,F21,PD1,P2A
124P2B2,P202 yALOGZ yALOG3 , TERML, TERM2, TERM3, TERM4, TERMSy HKOOsHKOL ¢

2HKOZ2 jA11 ¢ AI2AI3,A14,AIS5 o AT6,ATT9AIB AT9AT10,ATL1,A112,A113
EXTERNAL FUNC

COMMON 77AP/ AJOPL,AMDA,BETA, AMDAPL, ONEMAM, SMALLA, SMALLB,DELTA,
1SMALLC 4CC2,SAIMA,CAIMA,DCAIMA

COMMON /ZIP/ DD2 ]

COMMON /VARTABY ITER,TOLER,ACC

REAL LARGEA,LARGEB

THREE=3,0000300000000000

TW0=2..0000000000000000

., ONE=1.0000000000000600

2E20=0.0000000000000000

PTIINV=,31830988618379067

AIMGPI=CMPLX (ZERD,PTINY)

CMPXPI=TWO*AIMGPI -

AA2=SMALLA®SMALLA

AA3=AA2%SMALLA

AAG=AA2*AN2

AAS=AA3RAAZ

BB2=SMALLB#SMALLB

BB3=BB2*SMALLB

BB4=BB2%*BB2

BB5=BB3*BB2

PD1=PROPCTL*DELTA

P2A2=PROPLS*AA2:

P2B2=PROPLS*BB2

P2D2=PROP15*DD2

BMA=SMALLB-SMALLA

B2MA2=BB2~AA2

B3MA3=BB3-AAZ

B4MA4=BB4~AAL

B5MA5=BB5-AA5

D2PAZ=DD2+AA2

D2PB2=DD2+BB2

ALOGA=ALOG (D2PA2)

ALOGB=ALOG{D2PB2)

ALOG1=ALOGB-ALOGA

ALDG2=GMLOG+.5*ALOGA

ALOG3=GMLOG+. 5%ALOGB

TAN=ATAN(SMALLB/DELTA}-ATAN(SMALLA/DELTA}

TERM1=0NE~.25%P2D2

TERM2=0NE-,125%P2D2
TERM3=0NE-.3125%P2D2

TERM4=0NE-CMPXPI .
TERM5=.25%PROP1S* { SMALLB*ALOG3~SMALLA*ALOG2-(BMA-DELTA*TAN})
HKOO=TERM1%*BMA—PROP1S*#B3MA3/12.+.5+AIMGP I #(P2D2#BMA+PROPL S+B3MA3/
1 THREE ) +CMPXPI* (SMALLB*(TERML—P2B2/ 12, ) *ALOG3~SMALLA*( TERML-P2A2/12
2. )%ALOG2+PROPLS*B3IMA3/36 ..~ (ONE-P2D2/6 4 1* BMA~DELTA*TAN)) |
HKOl=. 5% TERML%B2MA2~, 0625 ¥PROP1S ¥B4MAL+, 25*AIMGP [ #{ P2D2%B 2MA2+. 5%
1PROPLS*B4MA4) + AIMGPI* (BB2*(TERM1~. 125%P2B2 ) *ALOG3-AA2* ( TERM1-.125%
2P2A2)*ALOG2+.03125%PROPLS $84MA4— 5% (ONE-.125%P2D2) % (B2MA2-DD2*ALCG
31))



600

601
602

603

604

605

606
607

608
609
610
611
620

630

HK02=TERM1*B3MA3/THREE—-.05*PROPLS *B5MAS+.5%AIMGP I*(P2D2*B3MA3/ THRE
1E+.2*%PROPLS*B5MAS ) +CMPXPI* (B8B83 *%(TERM1-.15%P2B2 )*ALOG3-AA3*{ TERM]1

2=e15%P2A2 ) *ALOGZ+. 03 *PROPIS*BENAS—~(ONE~, 1 *P2D2 ) *{ B3MA3/THREE-DD2
3% {BMA-DELTA*TAN}} ) /THREE ’
ATI1={PROPCTL/TWO}*{TERMZX*BMA~-PROPLS*B3IMA3/ 24, —CMPXP 1%+ { THO*TAN/(PRO
LPCT1*PD1)+,5%TERM3*BMA-PRGPLS*B3MA3/ 1942 ) +CMPXP I*{ SHALLB*{ TERM2~
2P2B2/24, ) *¥ALOG3~-SMALLAX{TERM2~-P2A2/24,.)*ALOG2+PROP1S*B3MA3/T2.~
3{0ONE~P2D2/12.)*(BMA-DELTA*TANI ))

Al2=(HO1-H21}/PROPCTL

AI3=(SMALLA%HD1~ SHALLB*H21+HK00,IPRGPCTI
Al4=(AA2*HO1-BB2*H21+TWO*HKO 1 )/PROPLCT1

1F (DELTA.NE.O.) GO TO 608

AIAB=0,

G0 TO 529

DELT=ABS{DELTA)

XL=DELT/ACC

XU=DELT*ALC

ITEST=1

IF(SMALLA.LT.0s +ANDs SMALLB.GT.0.} GO TO 630

IF{SMALLALLE.O+ +ANDs SMALLB.LE.O.}) GO TO 620

LARGEA=SMALLA

LARGEB=SMALLSB

IF(LARGEA.LT.XU} GO TG 602

ALAB=—TWO* ((ALOG(LARGEB)+0ONE)/LARGEB~- (ALUG!LARGEA)+UNE)/LARGEA)
60 70 611

IF{LARGEB.GT«. XL} GO TO 603
ATAB=TWO*ALOG{DELT}*{LARGEB-LARGEA}/DD2

GO 10O 611 ’

IF{LARGEA.GELXL) GO TO 604

SUML=TWO*ALOG{DELT)}*(XL-LARGEA)/DD2

XLL=XL

60 TO 605

SUM1=0.

XLL=LARGEA

IF(LARGEB.LE. XU} GO TO 606

SUM3 *THD*((ALUG{LARGEB)+1-'/LARGEB-(ALDG‘XU'+1 Y/ XU}

XUu=Xu

G0 10 607

SUM3=0.

XLU=LARGESB

ATER=RMBRG(FUNC s XLLsXUUs TOLER,5UM2)

[F{AIER) 608,610,610

PRINT 609y AIERXLLsXUU.DELTA

FORMAT (10X,*DID NOY OBTAIN CUNVERGENCE FOR AIAB (EHHFSP) *4E15.7)
ATAB=SUML+SUMZ+SUM3

IF(ITEST-2) 529,631,635

LARGEA=ABS{SMALLB)

LARGEB=ABS (SMALLA)

GO TO 601 -

ABA=ABS(SMALLA)

IF(ABA.GT. SMALLB) GO TO 634

ITEST=2

INDEX=1

LARGEA=0.

lLLARGEB=ABA

GO0 TO 601


http:IF(LARGEB.LE.XU
http:IF(LARGEA.GE.XL
http:IF(LARGEB.GT.XL
http:IF(LARGEA.LT.XU

631

632
633

634

635

636

IF (ABA.EQs SMALLB)
IF{INDEX.EQs2) GO
INDEX=2
LARGEA=ABA
LARGEB=SMALLB
TEMP=A1AB

GO TO 601
AIAB=2.%TEMP+ALAB
60 TO 529
ATAB=2.*A[AB

GO TO 529

ITEST=3

INDEX=1

LARGEA=0. ‘
LARGEB=SMALLB

GO TO 601
IF({INDEX.£Q.2) GO
INDE X=2
. LARGEA=SMALLB
LARGEB=ABA
TEMP=ATAB

GO TO 601
A1AB=2.%TEMP+AIAB

GO TGO 633
TO 632

TO 636

529 AlS= TAN/DELTA--ZS*PROPIS*BMA*TERM4+CHPXPL*(GHLUG*TAN/DELTA+.5*AIAB

1-TERM5S)

Al6=.5%AL0G1-.125%PROPLIS*BZMAZ*TERM4+AIMGP I*#{ GMLOG*ALOG1+.25*%{ALOG
1B*ALDGB- ALUGA*ALUGA)-.ZS*PROPIS*(BBZ*ALUGB AAZ*ALOGZ—.S*(BZHAZ pnz2

2*%AL0G1)))
AIT=HKOO-DD2*A1S5
Al8=HKO1i-DD2*Al6

Al 9=,5%PROPCTI* (TAN/DELTA-.125%PROP1S*BMA-CHPXP I *{ ( SMALLB /D2PR2—
1SMALLA/D2PA2)} /P2D2+(ONE/P2D2+.5-GMLOG ) ¥*TAN/DELTA-PROPLS*BMA/6.4)+
2AIMGPI*{ATAB-TERMS))

Al10=.5%(FO1/SQRT(DZPA2)~ FZIISQRT(DZPBZI+PROPCTI*A16)

Al11=A11-DD2*AI19
AI12=A12-DD2*A110
All3=AI3-DD2%*AI1l1
RETURN

END
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SUBROUTINE APPROX(NA,HOLl,H21;FOLlsF21lyPROPCT 1y HKOODoHKOL1,HKO2,A11,
LAIZ24,A13,A144AI5,A165AIT+AIBAI9,AT10,ATL1,ATL2,AI13) .

SUBROUTINE APPROX COMPUTES THE INTEGRALS QOF THE INTEGRAL REPRESENTATIONS

USING SIMPSON'S RULE. THE INTERVAL IS DIVIDED INTO NA-1 SUBDIVISIONS,

AND NO ACCURACLCY CHECK 1S MADE.

DIMENSION S21(5C0}

COMMON /TERMS/ S{500) ,DIST{500),DISTZ2(500)4HO(500)yHL{500)

COMPLEX HOl4H21+FOLl+F213;PROPCTLIyHKODHKOLyHKO25AT14AT24AT3,4A]4»AIS
1+AT64,ATT7,A18,A19,AT10,AI1),A112,A113,CPXZERyARGsHOsHLy SCRACH, SUMHO
204 SUMHOL » SUMHOZ s SUMAT 1 s SUMAIS s SUMATG s SUMAT9,T1,T2,T34T4,T5,76

COMMDON /ZAP/ AJOPL, AMDA,BETA,AHDAPI.UNEHAH'SHALLA.SMALLB.DELTA,
1SMALLE sCC2+SAIMA,CAIMA,DCAIMA

COMMON /ZIP/ DD2

IF{NA,LY. 499} GO TO 10

PRINT_ 5, NA

FORMAT {10X,*INTERVAL TOO LARGE FOR DIMENSION STATEMENT, SUBROUTIN
1& APPROX. NA=#*]16)

CALL EXIT

CPXZER={0.,404.)

NF¥L=NA-1

H={SMALLB-SMALLA)}/FLOAT{NM1)

HTHIRD=H/3. .

AA2=SMALLA*SMALLA

BBEZ2=SMALLB*SMALLB

S{1)=SHALLA

DO 100 L=2,NA

S{L}=S{L-1)+H

S2{L)=S{L1*S({L)

DIST2{L)=DD2+S5z2 (L)

DISTIL)=S5QRTIDISTZ2({L}}

DO 200 L=2,NML

ARG=PROPCTLI*DIST{L)

CALL HINTO1{ARG,HO{E) +HL{L),IER)

HO(1)}=HOL

HO{NA)=H21 .

Hi(l)=FO1

HLINA)Y=F21

S2(1)=AA2

DISTZ2{1)=DD2+AA2

DISTI1}¥=SQRT(DIST2(1))

SUMHOO=CPXIER

SLMHO1=CPXZER

SUMHO2=CPXZIER

SUMAIL1=CPXZER

SUMALIS=CPXZER

SULMAI6&6=CPXZER

SUMAI9=CPXZER

DO 300 L=1,NM1,2

Ll=L+1

L2=L+2

SUMHOO=SUMHOO+HO (L) +4.*HO (L1) +HO (L 2)

Tl=S{L)*HO (L)

T2=4.*S(L1)%HO(L1)

T3=S{L2)*HO(L2}

SUMHOL =SUMHO1+T1+T2+T3

SUMHOZ =SUMHOZ2+S2 (L) *¥HO (L) +4.%S2 (L1 }*HO{L1)+S52{L2)*HO(L2)



300

T4=HL(L)/DIST(L)

TS=4.*H1{L1}/DIST{L1)

T6=H1(L2) /DIST{L2)

SUMATL=SUMAI1+T4+T5+T6

SUMAIS5=SUMAIS+HO (L) /DIST2{L)+4,*HO(L1)/DIST2(L1}+HO{L2}/DEST2(L2)
SUMAI6=SUMAI6+T1/DIST2{L)+T2/DIST2(L1)+T3/DIST2(L2)
SUMAI9=SUMAI9+T4/DIST2(L)+T5/DIST2{L1)+T6/DIST2(L2)
HKOO=HTHI RD*SUMHOO :
HKOL=HTHIRD*SUMHO1

HKO2=HTHIRD*SUMHOZ

AT1=HTHIRD*SUMAIL

A12=(H01-H21)/PROPCT1

-A13=(SMALLA®*HO1-SMALLB*H21+HK0O0}/PROPLTL

Al4=({AA2%¥*HO1-BB2*H21+2.%*HKO1)/PROPCT1
AIS=HTHIRD*SUMAIS

Al6=HTHIRD*SUMAI6

AIT=HKOO-DD2%*AI5

A18=HKO1-DDZ2*Al6

AI9=HTHIRD*SUMAI Y
A110=.5%{FOL/DIST(1)-F21/DIST{NA)}+PROPCT1*AI6)
AIll1=AI1-DD2*Al19

AT12=A12-DD2*AIl0

AT13=AT13-DD2*AI1ll

RETURN

END



SUBROUTINE ANSWER (HKOO,HKOLHKO24AI14AI2,A13+4A14,AI54A16,A1IT+ALS,
1AI9:A110,AF11,A012,A713,C112,C11P),C11M1,C1221,C12P1,C12M1,C211,C21
2P1,C21M1,C221,C22P14C22M14AJ0OM1,d,JSTOP)

Cese SLBROUTINE ANSWER TAKES THE VALUES FOR THE INTEGRALS OF THE INTEGRAL
C REPRESENTATIONS AND RETURNS COEFFICIENTS OF YHE COUPLED INTEGRAL EQUATION
c MATRIX.

COMPLE X HKODtHKOltHKOZ:AIIiAIZtAI3:AI4'A[5'AibrAIToﬂlBgAIqullov
1AT11,A112,A113,70DEL1,TODEZ,CODEL,CODEZ+ APART1+ APART2, APART3,CODE3,
2CODE4+BPARTIL |BPART2!BPARTstC‘DDE51CGDE‘blCPARTI’CPARTZQ CPART3,CODET,
3CODE8,DPART]L yDPARTZ yDPART3,CL0ODE9,CODE1D, EPART1EPARTZ,EPART3,CODEL
41,500E12,FPART1’FPARTZgFPART3QCUDE13|CODEI4'GPART1gGPART21GPART3,C
5111,Cl1lPl, CllleClZl clzprl, ClZHlsCle CZIP1.C21H1rC221|C22P1'C22H1

6,CPXZER

COMMON /ZAP/ AJOPl,AHDA,BETA,AHDAPI;DNEHAH’SHALLA;SHALLB'DELTA'
1SMALLC CCZ,SAIHA:CA!HA,DCAIHA

COMMON /ZIP/ DD2

Tw0=2.0000000000000000

CPXZER=1(0.40.)

IFtJ.EQ.JSTOP) GO TO 20

TODEL1={HKO1-SMALLC*HKO00}/AJOP1

CODE1={AI3-SMALLC*ATIZ2)/AJOPL

CODE3=(Al2-SMALLC*AILl)/AJOPY

CODES={({AI7T-SMALLC=AIS)/AJOP]

CODET=(AI5-SMALLC*AIS ) /AJOPL

CODE9=(AI110-SMALLC*A[9}/AJOP1

CODE11=(Al12~SMALLC*AI11}/AJOP]

CODEL3=(A111-SMALLC®AILD)}/AJOP]

[Fl{J.EQ.1) GO TO 10

TODEZ2=(HK(O2~ THU*SHALLC*HK01+CCZ*HK00)/BETA

CODE2=(AT4—TWO*SMALLC*AI3+CC2%AL2)/BETA

APARTL=(AI2-ONEMAM*CODEL-CODE2)

APART2={CODE1+CCDEZ)/AMDAP1

APART3=AMDA* (AMDA*CODEL> - CUDEZ)/AMDAPl

CODE4=(AI3-TWO*SMALLC*AIZ2+CL2*A11)/BETA

BPARTI=(AT1-ONEMAM*CODEA~CODES)

BPARTZ=(CODE3+CODE4)/AMDAPL

BPART3=AMDA* ({AMDA*CODE3~CODE4 )/ AMDAPL

CODE&=(AIB-THOXSMALLC*AIT+CC2*AI6)/BETA

CPARTI= (ATl 6—-0ONEMAMXCODES-CODES )

CPARTZ2=(CODES+CUODES) /AMDAPL

CPARTI=AMDA* (AMDA*CODES—-CODES ) /AMDAP.

CODE8={AIT-THO*SMALLC*ATG6+CC2*AL5)/BETA

DPARTL=(AI5—-ONEMAM*CODET-CODES)

DPARTZ2=(CODET+CODES) f AMDAPL

DPART3=AMDA® (AMDA*CODET-CODEB ) /AMDAPL

CODELO={AI11-TWO*SMALLC*ATLIO+CC2%AI9)/BETA

EPARTLl=(AI9-0ONEMAM*CODE9-CODELQ)

EPART2=(CODE9+CODELIQ} /FAMDAPL

EPART3=AMDA%* (AMDA*CODE9~CODE10)/ AMDAP]

CODELZ2=(AI13-TWO*SMALLC*AI12+4CC2*ATI11)/BETA

FPARTL=(AII1-ONEMAM*CODEL11-CODEL2)

FPART2={(CODE11+CODE>r2)/AMDAP] -

FPART3I=AMDA*{AMDA*CODEL11~CODEL2)/AMCAP]

COPE14={AI12-TWORSMALLC*AI11+CC2*AI10)}/BETA

GPARTL={AI10-ONEMAM*CCDE13-CODE14)

GPARTZ2=(CODEL13+CODEL4}/AMDAP]



GPART3=AMDA*{AMDA*CODE13-CODELl4)/AMDAP1
C11l1=HKOO-ONEMAM*TODEL-TODEZ

C11P1={TODE1+TODE2) /AMDAPL
C11M1=AMDA*(AMDA*TODE1-TODE2) / AMDAPL
C121=DELTA*BPARTL
C12P1=DELTA*BPART2
C12M1=DEL TA*BPART3
C211=—{APARTL*SAIMA+BPART1*DCAIMA)
C21P1=~{APART2*SATMA+BPART2¥DCAIMA)
C21ML=- [APART3*SAIMA+BPART3*DCAIMA)
C221=DELTA*(TWO*GPART1-CPART1)*SAIMA+{ (EPARTL-DPART1)*DD2-FPARTL})
1*CAIMA
C22PL=DELTA* (TWOXGPART2-CPARTZ) #SAIMA+( [ EPART 2-DPART2) #0D2-FPART2)
1ECATMA
£ 22M1=DEL TA® (TWO*GPART3-CPART3 ) ¥SATMA+( [ EPART3-DPART3)#0D2-FPART3)
1%CAIMA
RETURN
10 C111=HKDO-TODEL
. Cl1P1=TODEL
C11M1=CPXZER
C121=DELTA*{AI1~CODE3)
C12P1=DELTA#*CODE3
C12ML=CPXZER
C211=- ({A12-CODEL) *SATMA+ (AT 1-CODE3) *DCAIMA)
C21P1l=- (CODE1*SATMA+CODE3*DCAIMA)
C21ML=CPXZER
C221=DELTA#{ TWOX(AI10-CODE13)~A16+CODES) *SAIMA+{ (AL9-CODE9-AIS+
1CODE7) #DD2-A111+CODEL L) *CAIMA
C22P1=DELTA* (TWO*CODEL3-CODES5 ) *SATIMA+({ (CODE9-CODE7 ) *DD2-CODE11)*
1CAIMA
C22ML=CPXZER
RETURN
20 TODELl=(HKO1-SMALLC*HKOO)/AJOML
CODEL={AI3-SMALLC*AI2)/AJOML
CODE3=(AI2-SMALLC*AIL}/AJONML
CODES5={ATT~SMALLC*AT6}/AJOML
CODET7={AI6-SMALLC*AI5)/AJON]
CODE9={AI10-SMALLC*AL9)/AJOML
CODE11=(AT12-SMALLC*AT11)/AJON1
CODE13=(AI11-SMALLC*AT10)/AJOM1
C111=HKOO+TODEL
C11P1=CPXZER
C11M1=TODEL
C121=DELTA*(AI1+CODE3)
C12P1=CPXZER
C12M1=DELTA*CODE3
C211=-{{AI2+CODE1}*SAIMA+ (AI1+CODE3)*DCAIMA)
C21P1=CPXZER
C21M1=—(CODEL*SAIMA+CODE3*DCAIMA)
C221=DELTA® (THO*(A110+CODEL3 ) ~AT6-CODES) #SAIMA+{ { A19+CODES~AT 5~
LCODE7)#DD2-A111-CODEL1) $CATMA
C22P1=CPXZER
C22M1=DEL TA* { THO*CODE 13~CODES ) #SAIMA+ ( ( CODE9-CODET ) ¥DD2-CODEL] }#
1CAIMA ‘
RETURN
END

/



Cane
c
C
6
5
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SUBROUTINE EHHFSP{AyB,DELTA,PROPCTL,PROPLS,GMLOGy ABSKLsWAVINT,
IHOINT4HYINT yHZ INT yHSINT g HOINT yHIINTy HLOINTy HL L INT4RE)

SUBROUTINE EHHFSP COMPUTES THE INTEGRALS OF THE INTEGRAL REPRESENTATIONS
ALONG A FLAT HALF-SPACE OVER THE INTERVAL {AsB),s ASSUMING THE POINT OF
OBSERVATION 1S NOT ON THE CONTOUR. T
COMPLEX PROPCT1 4PROPLS +GMLOGyHOINT 4HLINTyH2INT¢HSINTyHEINT HGINT,
IHIOINTyHL1INT CPXZERyAIMGyAIMGP Iy CHMPXP I ARGy HO»H1 s T1y T2 F3,HKOO,
2A114,A154A16+A19+PD14P2A2,P2B2,P2D2,AL0G2,AL0OG3, TERM1,TERM2, TERM3,
3TERM4 , TERM5 4 ARGAyARGB yHXAD ¢ HXAL » HXBO» HXB1 ’
COMMON /TERMS/ S(500),DIST(S500),DIST2({500)4HO(500}4HL(500})
COMMON /VARIAB/ ITER,TOLERsACC

EXTERNAL FUNC :

REAL LARGEA,LARGEB

THREE=3.0000000000000000

Tw0=2.0000000000000000

ONE=1, 0000000000000000

ZE£10=0.0000000000000000

PIINY=.31830988618373067

CPXZER=CMPLX(ZERG,ZERD)

AIMG=CMPLX(ZERD,ONE)

AIMGPI=CMPLX{ZERO,PIINY)

CMPXPI =THWO*AIMGPI

DD2=DELTA®DELTA

ASQ=A%A

ABDIST=SQRT{ASQ+DD2)

ABARG=ABDI.ST*ABSK1

BSQ=B*B

BADEST=SQRT(BSQ+DD2)

BBARG=BADIST*ABSK1

IF{ABARG.LT.RE) GO 7O 100

S{1)=A

SMALLA=-RE/ABSK]

CONINT=SMALLA-A

NA=3+2%IFILX{CONINT/WAVINT).

IF(NA.LT. 490} GO TO 5

PRINT & .

FORMAT (1OX*DIMENSION STATEMENT EXCEEDED (EHHFSP)}.*)

CALL EXIT

NM1=NA-1

H=CONINT/FLOAT(NM1}

HTHIRD=H/3.

DO 10 L=1,NA

DIST2(L)=S{LI*S(L)+DD2

DIST(LY=SQRT(DISTZ2{L))

ARS=PROPCTL*DIST{L]}

CALL HINTO1 (ARG,HO{L})yHLIL)+[ER)

S{L+1)=5{L)+H

HCINT=CPXZER

HLINT=CPXZER

HSINT=CPXZER

HOINT=CPXZER

HAINT=CPXZER

BC 20 L=1,NM1,2

Ll=L+1

L2=L+2

HOINT=HOINT+HO (L} +4,*HO(L1)+HO(LZ)


http:IF(ABARG.LT.RE

HIINT=HLINT+HL (L) /DIST(L)+4¢*¥H1{L1)/DIST{L1)+H1({L2}/DIST(L2)
T1=HO(L)/DIST2(L)
T2=4.%HO{L1) /DIST2(L1)}
T3=HO(L2) /DIST2(L2)
MSINT=HSINT+T1+T2+T3
HOINT=HOINT+S (L}*¥T1+S (L1} #T2+S{L2) *T3
20 HOINT=HOINT+HI{L) /(DIST2(L)*DIST(L))+4.*H1{L1)/{DIST2(L1)*DIST{L1)
1)+H1 (L2} Z(DIST2{L2) *DIST(L2))
HKOO=HTHIRD*HO [ NT
AT1=HTHIRD*H1INT
AT5=HTHIRD*HS INT
AT6=HTHIRD#H& INT
AT9=HTHIRD*HIINT
GG TO 101
100 SMALLA=A
HKD0=CPXZER
AL1=CPXZER
AI5=CPXZER
Al16=CPXZER
A19=CPXZER
101 IF{BBARG.LT.RE) 60 TO 200
SMALLB=RE/ABSKL
S(1)=SMALLB
CONINT=B-SMALLB
NA=3+2%IF [X{CONINT/WAVINT)
IF(NA.LT.490} GO TO 105
PRINT 6
CALL EXIT
105 NM1=NA-1
H=CONINT/FLOAT(NM1)
HTHIRD=H/3.
DO 110 L=L,NA —
DIST2{L)=S(L)*S(L}+0D2
DIST(L)=SQRT(DIST2{L))
ARG=PROPCTL*DISTIL)
CALL HINTOL{ARG,HO(L) H1{L), [ER)
110 S{L+1)=S(L]+H
HCINT=CPXZER
H1INT=CPXZER
HSINT=CPXZER
HEINT=CPXZER
HIINT=CPXZER
DO 120 L=1,NM1,2
Ll=L+1
L2=L+2
HGINT=HOINT+HO (L) +4.%¥HO{L1)+HO(L2)
HLINTSHLINT+HL (L} /DIST(L}+4.¥H1(L1)/DIST{L1)+HLIL'2)/DISTIL2)
T1=HO(L}/DIST2{L)
T2=4.%HO(L1)/DIST2(L1)
T3=HO(L2) /DIST2{L2)
HSINT=HSINT+T1+T2+73
HOINT=HOINT+S(L)*TL4S (L1)*#T2+5(L2) *T3
120 HOINT=HOINT+H1 (L}/(DIST2{L)*DIST{L))+4.*H1(L1)/(DIST2(L1)*DIST(LL)
L}+H1{L2) 7 {DIST2(L2)*DIST(L2))
THOINT=HKOOQ+HTHIRD*HOINT
HLINT=AILl+HTHIRD*HLINT



200

201

500

601

602

HS5INT=AIS+HTHIRD®HSINT
HOINT=AI6+HTHIRD*H6 INT

HIINT=AI9+HTHIRD*HIINT

G0 TO 201

SMALLB=B

HEINT=HKOO

H1INT=AIL

HS5ENT=AIS5

‘HeINT=AlL6

HYINT=AI9

AA2=SMALLA®*SMALLA

AA3=AA2%SMALLA

BB2=SMALLB*SMALLB

BB3=BB2*SMALLB

PD1=PROPCT1*DELTA

P2AZ2=PROPLS*AA2

PZB2=PROP1 5*BB2

P2D2=PROP1S*DD2’

BMA=SMALLB-SMALLA

B2MA2=BB2-AA2

B3MA3=BB3-AA3

D2PA2=DD2+AA2

D2PB2=DD2+BB2

ALOGA=ALOG [D2PA2)

ALOGB=ALOG (D2PB2)

ALOG1l=ALOGB-ALOGA

ALDG2=GMLOG+.5*%AL0OGA

ALOG3=CMLOG+.5*ALOGB

TAN=ATAN(SMALLB/DELTA)- ATANiSMALLA/DELTA)

TERM1=0NE-P2D2/4%.

TERMZ2=0NE-.125%P202

TERM3=0ONE—-.3125*P2D2

TERM4=0ONE-CMPXPI
TERMS5=,25%PROPL1S*{SMALLB*ALOG3-SMALLA*ALOG2—~{ BMA-DELTA*TAN))
HKOO=TERM1*BMA-PROP1S*B3MA3/12.+.5%AIMGPI*(P2D24BMA+PROPLS*B3IMA3/
1 THREE)+CMPXPI*{SMALLB*(TERM1-P2B2/12. )*ALUG3-SHALLA*4TERMI—PZAZ/IZ
2. )*ALOG2+PROPLS*B3MA3/36.-(ONE~P2D2/6.)%{ BMA-DELTA*TAN) )
AI1=(PROPCTL/TWO)*{TERM2*BMA-PROPLS*B3MA3/24.,~CMPXPI*{ TWO*TAN/(PRO
IPCT1#PD1}+.5#TERM3*BMA-PROPIS*B3IMA3/19.2) +CMPXP I¥{ SMALE Bx ( TERM2-
2P2B2/24.)¥AL0OG3~-SMALLA®*{TERM2-P2A2/24 . ) *ALOG2+PROP1S*B3MA3/T72.~
3{CNE-P2D2/12.)* (BMA-DELTA*TAN)) )

IF (DELTALNE.O.) GO 7O 600

AIAB=0.

G4 TO 529

DELT=ABS{DELTA)

XL=DELT/ACC

XU=DELT*ACC

ITEST=1

IF{SMALLA.LT.0. +AND. SMALLB.GT.0.)} GO TO 630

IF{SMALLA.1E.O. .AND. SMALLB.LE.D0.) GO TO 620

LARGEA=SMALLA

LARGEB=SMALLSB

IF{LARGEAL.LT.XU) GO TO 602
AIAB*—THD*{(ALDG(LARGEB)+DNE)/LARGEB—{ALBG(LARGEA}+ONE)/LARGEA)
G0 TO 611

IF{LARGEB.GT.XL) GO TO 603


http:IF(LARGEB.GT.XL
http:IF(LARGEA.LT.XU

ATAB=TWO*ALOG(DELT) *(LARGEB-LARGEA)/DD2
GO TO 611

603 IF(LARGEA.GE.XL) GO TO 604
SUML=TWO*ALOG (DELT) *{ XL-LARGEA)/DD2
. XLL=XL
G0"TO 605
604 SUM1=0.
XLL=LARGEA
605 IF{LARGEB.LE.XU) GO TO 606
SUM3=~TWO* ( (ALOG (LARGEB) +1.}/LARGEB-(ALOGIXU]+1.)/XU)
XUU=XU
GO TO 607
606 SUM3=0.
XUU=LARGEB
607 AIER=RMBRG (FUNC ,XLL,XUU,TOLER,SUM2)
IF(AIER) 608,610,610
608 PRINT 609, AIER¢XLLyXUUsDELTA
609 FORMAT (10X,*DID NOT OBTAIN CONVERGENCE FOR AIAB (EHHFSP) *4E15.7)
610 AIAB=SUML+SUM2+SUM3
611 IF(ITEST-2) 529,631,635
620 LARGEA=ABS (SMALLB)
LARGEB=ABS (SMALLA)
GO0 TO 601
630 ABA=ASS(SMALLA)
IF(ABA.GT.SMALLB) GO TO 634
ITEST=2
INDEX=1
LARGEA=0.
LARGEB =ABA
GO0 TO 601
631 IF(ABA.EQ.SMALLB) GO TO 633
IF{INDEX.EQ.2) GO TO 632
INDEX=2
LARGEA=ABA
LARGEB=SMALLB
TEMP=AIAB
GO0 TO 601 -
632 AIAB=2.*TEMP+AIAB
© 60 TO 529
633 ATAB=2.*AIAB
GO TO 529
634 ITEST=3
INDEX=1
LARGEA=0a
LARGEB=SMALLB
. 60 TO 601
635 IF{INDEXsEQ.2) GO TO 636
INDEX=2
LARGEA=SMALLB
LARGEB=ABA
TEMP=ATAB
GO TO 601
636 AIAB=2.%TEMP+AIAB
529 AI5= TANIDELTA—.ZS*PRGPIS*BHA*TERH4+CMPXPI*(GMLDG*TAN/DELTA+ 5% ATAB
1~ TERMS)
AIé-.S*ALOGl-.125*PROP15*BZMA2*TERH4+AIHGPI*(GHLOG*ALOGL+ 25%(ALOG


http:IFCLARGEB.LE.XU
http:IF(LARGEA.GE.XL

lB*ALGGB-ALDGA*ALOGAl*.25*PROPIS*(BBZ*ALOGB —AAZ*ALDG2-.5*%( B2MA2-DD2
2F%ALOGL YY)

AI9—.S*PRGPCTI*(TAN/DELTA—.IZS*PROPIS*BHA—CHPXPI*((SHALLB/DZPBZ—
LSMALLA/D2PAZ}/P2D24+(0ONE/P2D2+.5- GHLOG)*TANIDELTA—PROPIS*BHA/& 4)+
ZAIMGPI*(ATAB-TERMS))

HOINT=HOINT+HKOO

HLINT=HLINT+AIl

ARGA=PROPCT]1*ABDISY

ARGB=PROPCTLI*BADIST

CALL HINTO1(ARGA,HXAD +HXAL,TER}

CALL HINTO1{ARGB,HXB0,HXBLl,IER)

H2INT={HXAO-HXBO)7PROPCT]

HSINT=HSINT+AIS

H6INT=H6INT+AL6

HIINT=HIINT+AILD

H1O0INT= (HXAl/ABDIST-HXBIIBADISTfPROPCTl*HéINT)/THU

HL1INT=HlINT-DD2¥HIINY

RETURN

END



c...

c
C

10

20

100

101

SUBROUTINE EHFTSP{A,BsPROPCT1,PROPLS, GMLOG, ABSK 1o WAVINT4HOINT,
1H2INTHIINT4RE)

SUBROUTINE EHFTSP COMPUTES THE INTEGRALS OF THE INTEGRAL REPRESENTATIONS
ALONG A FLAT HALF~SPACE OVER THE INTERVAL (AsB)y ASSUMING THE POINT OF
OBSERVATION IS ON THE CONTOUR.

COMPLEX PROPCTY PROPLS +GMLOGeHOINT yH2ZINT s HLINT,CPXZER+AIMG,AIMGPI,
1CMPXPI yARGyHKQO AT 14P2A2, P2B2yALOG29 ALOG3 HOy H1
COMMON /TERMS/ S{500) +DIST{500),DIST2{500),HO{500),H1{500)
THREE=3.,0000000000000000

TwW0=2. 0000000000000000

ONE=1.0000000000000000

ZERO=0.0000000000000000

PIINV=231830988618379067

CPXZER=CMPLX.{ZERO,ZERD)

ATMG=CMPLX{ZERQ,ONE)

AIMGPI=CMPLX{ZERO,PIINV)

CMPXPI=TRO*AIMGP]

ABARG=A*ABSK1

BBARG=B*ABSK1

IF{ABS{ABARG).LT.RE} GO TD 100

SMALLA=-RE/ABSKL -

S{1)=ABS(SMALLA)

CONINT=ABS(A)-S(1)

NA=342*IFIX(CONINT/WAVINT)

TFINA.LT.490) GO TO 5

PRINT 6

FORMAT (LOX*DIMENSION STATEMENT EXCEEDED {-EHFTSP).*)
CALL EXIT '

NML=NA-1

H= CONINT/FLGAT(hMil

HTHIRD=H/3.

D0 10 L=1,NA .

ARG=PROPCTL*S{L) -~ _ -

CALL HINTOL{ARGsHO{L) sHL{L)sIER)

S(L+1)=S(L)+H

HOINT=CPXZER

H1INT=CPXZER

DO 20 L=1,NM1,2

Li={+1

L2=1+2

HOINT=HOINT+HO (L) +4.¥HO (L1 }+HO(L2)} ~
HLINT=HIINT+HL (L) /S{L)+4< #*HI {L1)/S{L1)+H1(L2}/5{L2)
HKOO=HTHIRD*HOINT

AI1=HTHIRD*HLINT

.60 TO 101

SMALLA=A

HK0O=CPXZER

ATL=CPXZER o

IF{BBARG.LT.RE) GO TO 200

SMALLB=RE/ABSK1

S{1)=SMALLB

" CONINT=B-5MALLB

NA=3+2%IFIX{CONINT/WAVINT}
IF(NA.LT.490) GO TO 105
PRINT 6

CALL EXIY


http:IF(BBARG.LT.RE
http:IF(ABS(ABARG)-.LT.RE

105

110

120

200

201

NM1=NA-1

H=CONINT/FLOAT (NM1)

HTHIRD=H/3.

0C 110 L=1,NA

ARG=PROPCTL*S(L)

CALL HINTOL{ARGsHO{L) yH1{L),1ER)

S{L+1)=S(L)+H

HOINT=CPXZER

H1INT=CPXZER

DO 120 L=1,NM1,2

Ll=L+1

L2=L42

HOTNT=HOINT+HO (L) +4. %HO (L1 ) +HO(L2)

HLINT=HLINT+HI (L) /S{L}+4.*HL{L1)/S{LLI+HL{L2)}/S(L2)

HOINT=HKOO+HTHIRD*HOINT

HLINT=AI1+HTHIRO*HLINT

60 .70 201

SMALLB=B

HOINT=HKOO

H1INT=AIl

AA2=SMALLA®SMALLA

AA3=AAZ%¥SMALLA

BB2=SMALLB*SMALLB

BB3=BB2*SMALLB

P2A2=PROPL S*AA2

P2B2=PROP1 S*BB2

BMA=SMALLB-SMALLA

B3MA3=BB3~AA3

ALOG2=GMLOG+ALOG (ABS (SMALLA))

ALDG3=GMLOG+ALOG { SMALLB)

HKOO=BMA~PROPLS*B3MA3/12.+.5%AIMGP [*PROP1S*B3MA3/ THREE+CMPXP I (
1SMALLB* (ONE~P2B2/12+) *ALOG3~SMALLA®(ONE-P2A2/ 12. ) *ALOGZ+PROP 1S*
2B3MA3/36.-BMA),

A11=(PROPCTL/THO) * (BMA-PROP1S*B3MA3/ 24 +~CMPXP [ #( BMA/ TWO-PROP 1 S%
1B3MA3/19.2}+CMPXPI*(SMALLB*{ONE-P2B2/24.) ¥ALOG3~SMALLA*(DNE-P2A2/
224. ) *ALOG2+PROPLS#B3MA3/72.-BMA) )

HOINT=HOI NT+HKOO

ARG=PROPCT1#ABS{A)

CALL HINTOl(ARGyHO(1) yH1{1)},1ER)

ARG=PROPCT1#*8

CALL HINTOL({ARG,HO(2),H1(2},IER}
‘H2INT={HO (1) -HO(2})/PROPCTL

HlINT-—HlINT—CHPXPI*(ONE/SMALLB—ONEISHALLA)IPROPCTl -All

RETURN

END



SUBROUTINE CUPIEQISIJRsSIJI,1ISTOP)
Cesve SUBROUTINE CUPIEQ INVERTS THE MATRICES SIJRs SIJI OF THE COUPLED INTEGRAL

C EQUATIONS AND RETURNS THEM IN SIJR, SLJI.
DIMENSION SIJR{90990) sSIJI(30+490)} 9 TEMPR{45:45)+TEMPI(45,45)4D(45,
145)
LERD=0, 00000000000000060
C  PLACE C!1 IN TEMPR AND TEMPI AND OBTAIN ITS INVERSE.

DO 205 I1=1,ISTOP
DO 205 J=1,I1STOP
TEMPR (I 4J)=STJR{I 4d)
205 TEMPI(I,J)=SIJI(I+d)
CALL CINVER (TEMPR,TEMPI,ISTOP,D)
C OBTAIN (C21*%CL1INV) AND STORE IN C1l.
00 210 I=1,ISTOP
1UP=1STOP+I
DO 210 J=1,ISTOP
STJR{I s J)=ZERDO
STJI{T,J)=ZERD
DO 210 K=1,1STOP
STJR(I 3 J1=STJR{T5JI+STJR(IUP,KI*D(KyJ}=STI1{ IUP,K IS TENPT{K,J)
210 SEJILT»J1=STJT (1, J)}+STIJR(TUPKIZTEMPIIK,J)+S51JI1LIUP K }*D(K,3}
c STORE (CLLINV) IN C21, OBTAIN {C21*CLLINVI*C12 AND PLACE IN TEMPR
In AND TEMPI.
DO 215 [=1,15T0P
1UP=1STOP+]
DO 215 J=1,ISTOP
JUP=ISTOP+J
SIJRIIUP.J}=D{I,4+J}
SIJILIUP,J)=TEMPI(L 44}
TEMPR{I +J)=ZERD
TEMPI(I,J}=ZERD
DO 215 K=1,ISTOP
TEMPR(T 3J) =TEMPRIT s J}+SIJR(I,K)#STURIK,JUP)=STIT(1,K)*SEII(K,JUP)
215 TEMPI(I J)}=TEMPI{I ;J)+SIJRII K)}XSTIT{K:;JUP)+STEJI{I,K)*SISRIK,JUP)
C OBTAIN THE INVERSE OF ({C21*Ci1INV)*C12-C22) AND STORE IN C22.
DO 220 I=1,15TOP
I1UP=ISTOP+I
DO 220 J=1,15T0P
JUP=ISTOP+J
TEMPR{T ,J)=TEMPR(1,J) =STJR{IUP, JUP)
220 TEMPI(I,J)=TEMPI(I,4)-SIJI(IUP,JUP)
CALL CINVER{TEMPR,TEMPI,.ISTOP,D}
DO 225 I=1,IS5TQGP
1UP=ISTOP+I
DO 225 J4=1,1S870P
JUP=1STOP+
SIJR{IUP,JUP)=D(]1,Jd)}
225 SIJI{1UP,JUP)=TEMPI{1,4)
RETURN
END
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SUBROUTINE MANDK (FIELDRyFIELDI,SIJRySIJIyCURDEN)
SUBRQUTINE MANDK COMPUTES THE EQUIVALENT CURRENT DENSIVIES M AND K

FROM THE INCIDENT FIELDS AND MATRIX INVERSES OF THE COUPLED INTEGRAL
EQUATIONS.

NOTE THAT THIS SUBROUTINE ASSUMES THAT THE TOPOGRAPHIC AND CYLINDER
CONTOURS ARE MIRROR SYMMETRIC ABOUT THE Z-AXIS. IF A NON-SYMMETRIC
SCATTERER IS TO .BE CONSIDERED, THE CARD(S) WHICH HAVE AN * IN COLUMN
1 MUST REPLACE THE CARD(S) WHICH FOLLOW IT(THEM).

DIMENSION FIELOR(ZOO}'FiELDI12001:SlJRl90g90)gSlJI(90.90lgREALEUI
1200) , IMAGCU(200) »CURDEN{200) , AMP{200},PHASE{200)

COMMON /CONSTS/ ISTOP,ISTOP2,1ISTP1, NTDPUP.NUPTDP;NSTPI.NTOPHF'
lNTHFUPgNPTPPl,NINHHF,NUPHHF-NSYHUP:NMIDyNHIDUP-NSYH NSYM2,NMIDM,

ZNMIDPNSYMM,NT PO

COMPLEX CURDEN -

REAL IMAGCU

FORMAT (1H1)

FORMAT (1HO)

FORMAT {1HO2X,8E1648)

RADIAN=.017453292519943296

ZERO=0,00000000Q0000000

OBTAIN THE COLUMN MATRIX (C21%CLLINV)®*E AND STORE IN REALCU AND
IMAGCU,

DO 400 I=1,ISTOP

DO 400 I=1,NSYM

REALCU{I)=ZERO

IMAGCU(I) =ZERO

DO 400 J=1,IS5TOP

DO 400 J=1,NSYM

REALCU(I]“REALCU(I)+SIJR(I,J)*FIELDR(J) SISI{TIJY*FIELDI{J)
IMAGCU{I}=IMAGCU(I)+SIJRII, JI*FIELDI{JI+STJI{I,J)*FIELDR{J)
OBTAIN THE CGLUMN MATRIX (C21=*Cl1INV)%*E-H AND STORE IN H.
DO 401 I=1,ISTOP.

DO 401 I=14NSYM

IUP=ISTOP+1

IUP=NSYM+I

FIELDR{TUP}=REALCU(I)}-FIELDR{IUP)
FIELDI(TUP)=IMAGCU(I)-FIELDI(IUP)

OBTAIN THE COLUMN MATRIX ((C2L#CL1INV)}#C12-C221INVI*{{(C21*CLLINV}I*E-H)
AND PUT IN REALCU AND IMAGCU.

DO 402 I=1,15TOP

D0 402 I=1,NSYM

1UP=ISTOP+I

LUP=NSYM+I

REALCU(IUP)=ZERO
- IMAGCU(LUP)Y=ZERO

D0 402 J=1,15TOP

DO 402 J=1,NSYM

JUP=ISTOP+J

JUP=NSYM+J
REALCU{IUPi-REALCU(IUP)*SIJR(IUPtJUPi*FIELDRIJUP) SIJI(IUP,JUP )*
LFIELDI (JUP)

TMAGCU(TUP)=IMAGCU{IUP)I+STIJR(IUP. JUP)*FIELDI{JUP}+STIJI{IUP,JUP)*
LEIELDR { JUP)

OBTAIN THE MATRIX (CllINV)*ClZ AND STORE IN Cll.

DO 403 F=1,ISTOP

DO 403 I=1,NSYM

IUP=ISTOP+I



403

TUP=NSYM+I .

DO 403 J=1,ISTOP

DC 403 J=1,NSYM

JUP=ISTOP+J

JUP=NSYM+J

SIJR(14J)=ZERD

SIJI (I 4J)=ZERD

DO 403 K=i,ISTOP

DO 403 K=1,NSYM
SIJR{TI3J)=STJR{I,J)+STIR{IUP,KI*STIRIK,JUPI-STJT{ [UP,K IS TI1(KyIUP
1)

SIJIUI4J)=SIJI(1,J)+STJR{IUP,KISSTIIIK, JUP)+STII( IUP, K)*SLIRIK, JUP
1)

FORM THE COLUMN MATRICES (CL1INV)*E AND {CL1INV#C12)%M.

DO 404 1=1,ISTOP

DO 404 I=14NSYM

1UP=1STOP+1

IUP=NSYM+I

REALCU(1)=ZERQ

IMAGCU (1) =ZERD

FIELDR (1UP)=ZERD

FIELDI (LUP)=ZERC

DC 404 J=1,1STOP

DO 404 J=1,NSYM

JUP=15TOP+J

JUP=NSYM+J _

REALCU{T) =REALCULT}+STJR(IUPJ)*FIELDR(JI-SII I LIUP, JI*FIELDILJ)
INAGCU(I)=IMAGCULI)+STJR(IUP, J)*FIELDI(J )+SIST¢IUP, J)*FIELDR(J)
FIELDR{IUP)=FIELDR(IUP}+ST1JR{I14J)#REALCU(JUP)-SIJI( I,J }+IMAGCULJUP
1)

404 FIELDI(IUP)= FIELDI(IUP)+S]JR(lrJl*lHAGCU(JUPl+SIJI(IuJ)*REALCU(JUP

405

4049

1)

FORM THE COLUMN MATRIX CllINV*E~lC11INV*CIZ)*H

D0 405 I=1,IS5TOP

DO 405 1I=1,NSYM

IUP=15TOP+]

TUP=NSYM+I :
REALCUUI)=REALCU(I)}-~-FIELDR{IUP)

IMAGCU (1) =IMAGCULII-FIELDI{IUP)

COMPUTE THE VALUES OF THE SYMMETRIC SURFACE CURRENT DENSITIES.
CURDEN{NTOPHF ) =CMPLX{REALCU{1)},IHAGCU(]1})

CURDEN (NTHFUP)=CMPLX{REALCU{NSYMUP ), IMAGCU(NSYMUP))
IF{ISTOP.EQ.NTOPO) GC TO 4049

CURDEN(NTOPUP)=CMPLX (REALCU(NMID) , IMAGCU(NMID) )
-CURDEN(NPTPPL)=CHPLX(REALCU{NMIDUP ), IMAGCU{NMIDUP))
CURBEN (NINHHF ) =CMPLX {REALCU{NSYM) , IMAGCUINSYM)) '
CURDEN (NUPHHF ) =CMPLX (REALCU{NSYN2), IMAGCUINSYM2)})
DO 4050 I=2+NMIDM

IN=I-1

TUP=NSYM+]

JP=NTOPHF+1M

JUPP=15TOP+JP

J=NTOPHF-IM

JUP=15TQOP+J

CURDEN(JP)=CMPLX{REALCU(I)  IMAGCU( 1))

CURDEN(JUPP) =CMPLX{REALCU{IUP)  IMAGCU(IUP})



CURDEN{ J) =CURDEN(JP)

4050 CURDEN(JUP)=CURDEN(JUPP)
IF(ISTOP.EQ.NTOPO) GO TO 4052
DO 4051 I=NMIDP,NSYMM
IM=1-NMID
[UP=NSYM+]

J=NTOPUP+IM

JUP=ISTOP+J

JP=ISTPL-IM

JUPP=1STOP+4P
CURDEN{J)=CMPLX{REALCU(I} , IMAGCU(T))
CURDEN(JUP) = CHPLX(REALCU(IUPI.IMAGCU(IUP))
CURDEN( JP)=CURDEN( 4}

4051 CURDEN{JUPP})=CURDEN{JUP)

4052 DO 406 I=1,1STOP2
CURDEN(I)=CMPLX{REALCU{I) s IMAGCU{I))
REALCU(I)=REAL (CURDEN(I))
IMAGCU(TI)=AIMAG (CURDEN(I))
AMP(I)=SQRTIREALCULI) *REALCU( I )+IMAGCU( 1) *IMAGCU(I))

406 pHASE(I)—ATAuztIMAchtli,REALcuc1))/RADIAN
PRINT 10
PRINT 410 ‘
410 FORMAT (1SX$DISTRIBUTION OF INDUCED CURRENTS*)
PRINT 11
PRINT 420
420 FORMAT {10X,*REAL PART*zx.*IHAGINARv PART#9X , #MODULUS* 1 LX#PHA SE*)
PRINT 11
PRINT 430 )
430 FORMAT ({5X*ELECTRIC CURRENTS*)
PRINT 11
PRINT 431 .
431 FORMAT (20X*TOPOGRAPHIC CURRENTS*)
PRINT 11
DO 432 I=1,NTOPO
: PRINT 310, CURDENII).AMP(I: PHASE(I)
432 CONTINUE .
IF{ISTOP.EQ.NTOPD) GO TO 441
PRINT 11
PRINT 433
433 FORMAT (20X*INHOMOGENEITY CURRENTS?#*)
PRINT 11 '
DO 440 I=NTOPUP,ISTOP ]
PRINT 310, CURDEN{I)+AMP(I),PHASE(])
440 CONTINUE :
441 CONTINUE.
PRINT 10
PRINT 450
450 FORMAT (SX*MAGNETIC CURRENTS*)
PRINT 11
PRINT 431
PRINT 11
DO 451 I1=ISTPY,NUPTOP
PRINT 310, CURDEN(I},AMP(I),PHASEL])
451 CONTINUE )
IF(ISTOP.EQ.NTOPO} GO TO 461
PRINT 11



PRINT 433
PRINT 11

DO 460 I=NSTPl,ISTOP2 .
PRINT 310, CURDEN{I}AMP(I) + PHASE(I)
460 CONTINUE
461 CONTINUE
RETURN
END
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SUBROUTINE CINVER (AR,AI,N,D}

SLBROUTINE CINVER INVERTS A COMPLEX MATRIX BY SOLVING THE TWO

EQUATIONS WHICH RESULT FROM THE DEFINITION OF MATRIX INVERSE,

Cl-11%C = I. :

INPUTS ARE AR (THE REAL PART OF THE COMPLEX MATRIX TO BE INVERTED)
Al {THE IMAG PART OF THt COMPLEX MATRIX TO BE INVERTED)
N (THE OQRDER OF THE COMPLEX MATRIX TO BE INVERTED)

OUTPUTS ARE D (THE REAL PART OF THE INVERSE)
Al (THE IMAG PART OF THE INVERSE)

DIMENSION T1(45),T2(45)

DIMENSION AR(45465) yAL{4545) 3 ARI (45945) 40045445}

DO 10 I=14N

DO 10 J=1,N

ARILI ¢ JI=AILI4J)

CALL INVERT{ARIyN+45,T1,T2)

DO 20 I=1+N

DO 20 J=14N

DG 20 L=1,N

DO 20 K=1,N

AT(I 3J)=AT(I4J)+AR(TI L) *ART(L,K)*AR(K,J)

DO 40 I=1,N

DO 40 J=1,N

AL d)==A111,J) . :

CALL INVERT (Al 4N,45,T1,T2)

D0 30 1=1,N

DO 30 J=1,N

D(I+J)=0.0

DO 30 L£=1,N

DO 30 K=1,N

DUI¢J)=DII4J)-ARI{IJL)*ARILyKI*AT(K,yd)

RETURN

END



SLBROUTINE INVERT(AsNNsNsM,(C) *END
CcCcccc
CCCCCC THIS ROUTINE INVERTS REAL MATRICES.
CCCCCC A IS THE ARRAY CONTAINING THE ELEMENTS OF THE MATRIX.
CCCCCC AFTER THE RETURN TO THE CALLING PROGRAM A CONTAINS THE INVERSE.
CCCCCC NN IS THE QRDER OF THE MATRIX.
CCCCCC N IS THE FIRST SUBSCRIPT OGF THE DIMENSION OF THE ARRAY A.
CCCCCC M AND € ARE SINGLE SUBSCRIPTEL ARRAYS OF LENGTH AT LEAST NN.
CCCCECC AFTER THE RETURN ARRAYS M AND C CONTAIN GARBAGE.
ccecee

DIMENSION All},M{1},C(1) *END
cccccc ] -
CCCCCC SINCE THIS ROUTINE DOES NOT STRICTLY OBEY THE FORTRAN IV RULES
CCCCCC ABOUT ARRAYS IT MAY NOT WORK ON SOME MACHINES. [IF IT WORKS IT IS
CCCCCC MODRE EFFICIENT THAN A STRECTLY LEGAL ROUTINE. '

ceeoeee -
ND = N - NN *END
IF (NN-1Y B0,70+80 *END
70 All)=1la/A{1) *END
GO TO 300 *END
80 DO 90 I=l, NN *END
90 M(I1}=~1I *END
geeeee
DO 140 1=1,NN #END
ccccocee
CCCCCC LOCATE LARGEST ELEMENT.
cceceec
D=0.0 *END
DO 112 L=1,NN *END
IF (M(L}} L0G0,100,112 *END
100 J=L *END
DO 110 K=1.NN *END
IF (M{K)} 103,103,108 *END
103 IF (ABS{D)-ABS(A(J)}) 105,105,108 *END
105 LD=L *END
KD=K *END
D=A{J) *END
108 J=J+N *END
110 CONTINUE *END
. 112 CONTINUE *END
ccceee ’
CCCCCC INTERCHANGE ROWS.
cceece ’
IF (D) 401,402,401
401 [TEMP=-M(LD) ®END
M{LD)=M{KD) *END
M{KD}=ITEMP *END
L=LD *END
K =KD *END
DO 114 J=1,NN *END
C{J}=A{L) *END
ALLY=A(K) *END
ALK)=C () *END
L=L+N *END
114 K=K+N *END

CCCCEC

20

40

60
7o
80
90
100
110

130

170
180
190
200
210
220
230
240
250
260
270
280
290

330
340
350
360
370
380
390
400
410
420
430



CCCCCC DIVIDE COLUMN BY LARGEST ELEMENT.

cceeee
NR=(KO-1)%N+1 *END 470
NH = NR + NN - 1 *END 480
DO 115 K=NR¢NH *END 490
115 A{K)=A(K}/D *END 500
cceece .
CCCCCC REDUCE REMAINING ROWS AND COLUMNS.
cceece
L=1
DD 135 J=1,4NN *END 550
IF {J-KD) 130,125,130 *END 560
125 L=L+N *END 570
GO TQ 135 *END 580
130 DO 134 K=NR,NH *END 590
ALLY=ALL}-C{J)*ALK) *END 600
134 L=L+1 *END 610
L =L+ ND *END 620
135 CONTINUE *END 630
ceeece )
CCCCCC REDUCE ROW.
ccoceec
C(KD)=—-1,0 #END 670
J=KD *END 680
DO 140 K=1,NN *END 690
+ AtJ)==C{K)/D *END 700
140 J=J+N *END 710
ceceeee
CCCCCC INTERCHANGE COLOMNS.
ceceeee
DO 200 I=1,4NN #END 750
L=0 *END 760
150 L=L+1 *END 770
IF{MI{L)-I) 150,160,150 *END 780
160 K={L-1)%N+1 *END 790
J=(1-1)1%kN+1 *END 800
M{L)=M(I) *END 810
M{I) =1 #END 820
DO 200 L=1,NN *END 830
TEMP=A (K} *END 840
ALK =A{J) *END 850
A{J) =TEMP *END 860
J=J+1 *END 870
200 K=K+l *END 880
cceeee
300 RETURN *END 900
cceeee .

402 PRINT 403
403 FORMAT (15HSINGULAR MATRIX!
CaLL EXIT
RETURN
END *END 920



C--.

SUBROUTINE FIELDS(PROPCTY,REALKL,IMAGKL1,CSTyTCOSAL, TSINAL,CURDEN,
LIKeIM IIKsIIMaIEIK,ITIMyAIl,AI2,A13,AT44A15,A16,A17,A18,A19,A110,
2AT11,A112,A113,AT0M1, ISTOPsHPHIX 4HPHIZ}

SUBROUTINE FIELDS TAKES THE VALUES FOR THE INTEGRALS OF THE INTEGRAL

REPRESENTATIONS AND RETURNS THE HORIZONTAL MAGNETIC FIELD INTENSITY

{HPHIX) AND THE VERTICAL MAGNETIC FIELD INTENSITY {(HPHIZ).

DIMENSION CURDEN{200)

COMPLEX CURDEN,PROPCT1,CSToAIlAI2,AI3,A14,A15,A165A1T;A18,5A19,
1AT1104A111,A1124A113,CODELCODE2, APART 1, APART 2, APART 3,CODE 3,CODE 4,
28PARTL,BPART24BPART3,CODES5+CODE6, CPART1, CPART 2,CPART3, CODET,CODES,
3DPARTL ;DPART2 4DPART3,CODE9,CODELO, EPART 1, EPART2, EPART3,CODELL,
4CODE12,FPARTL,FPART2,FPART3,CO0E13,C0DEL4, GPART 1, GPART2,GPART3,
SBIGAsBIGB,BIGC:BIGD+BIGE,BIGFBIGGyPERFEC, FINLTE, AHELP yBHELP 4 CHELP
&y DHELP y EHELP , FHELP GHELP yHELP ,HELP24 HPHIX , HPHIZ

COMMON /ZAP/ AJOPL,AMDA,BETA, AMDAP1,ONEMAM,SMALLA, SMALLB,DELTA,
1SMALLC »CC2,SATMA,CAIMA ,DCATMA

COMMON /ZUP/ AIOPL,AMDB,BETB, AMDBP1,(NEMA

COMMON /ZIP/ DD2

REAL IMAGK1

FOUR=4.0000000000000000
*THREE=3, 0000000000000000

TwO=2. 00000000000000000

IF{IK.EQ.ISTOP) GO TO 20

CODE1=(AI3-SMALLC*AI2)/AI0P]

CODE3=(AI2-SMALEC*AIL)/ATOPL

CODES=(AI7-SMALLC*AI6)/AI0PL

CODE7=(AI6-SMALLC*AIS)/AIGP]

CODE9=(AI10~-SMALLC*AI9)/AIOPL

CODE11=(AI12-SMALLC*AI11)/AI0P]

CODE13=(AI11-SMALLC*A110)/AIOPL

IF{IK.EQs1} GO TO 10.

CODE2=(AI4~TWORSMALLC*AI3+CC2%A12) /BETH

APART1=(AI2-ONEMA*CODEL-CODE2 ) *CURDEN( IK) .

APART2=(CODE1+CODE2 ) *CURDEN( I EK}/AMDBP1

APART3=AMDB* (AMDB*CODE1-CODE2 ) *CURDEN( 11K )/AMDBP1

CODE4=(AI3-TWO%SMALLC#AI2+CG2*AI1) /8BETB

BPARTL=(A11-ONEMA*CODE3-CODE4 ) *CURDEN( IK )

BPART2=(CODE3+CODE4) *CURDEN{ I IK}/AMDBP1

BPART3=AMDB* { AMDB*CODE3~CODE4 ) *CURDEN( T1IK ) /AMDBP

CODE6={Al8~TWO*SMALLC*AI T+CC2*A16)/BETB

CPART1=(AI6~0ONENA*CODES=CODES ) *CURDEN{ IM)

CPART2=(CODE5+CODE6 ) *CURDEN{ IIM}/AMDBP1l .

CPART3=AMDB* { AMDB*CODE5-CODE6 ) *CURDEN( ITIM}/AMDBP 1

CODES={AIT-TWOSMALLC*AT64CC2%AIS ) /BETB

DPARTL={AI5-ONEMA*CODE7~CODES ) *CURDEN( IM)

DPART2=(CODET+CODES) *CURDEN{ I IM)/ AMDBP1

DPART3=AMDB* { AMDB*CODET~CODES ) *CURDEN( I1IM}7AMDBP 1

CODE10=(AI11-TWOXSMALLC*ATL10+CC2%AI9)/BETR

EPART1=(AI9-ONEMA*CODE9—CODEL0 ) *CURDEN( IM)

EPART2={CODE9+CODELO) *CURDEN{ 1IM)/ AMDBP1

EPART3=AMDB* (AMDB*CODE9-~CODELD )*CURDEN{ I 1M} /AMDBP1

CODE12={AT13~TWO*SMALLC*ATL2+CC2%AI11}/BETB

FPARTL=(AI11-ONEMA*CUDEL1~-CODEL2 ) *CURDEN{ IM)

FPART2={CODE11+CODEL2)#CURDEN(IIM)/AMDBPL

FPART3=AMDB*(AMDB*CODE11-CODEL2) *CURDEN( I1IM) /AMDBP1

CODEL4=(ATL2~TWO*SMALLC*AT11+CC2*%AI10)/BETR

GPART1=(AI10-ONEMAXCUDEL3~CODEL4 ) *CURDEN [ IM)
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GPARTZ2=(CODEL3+CODE14 ) *CURDEN(ITIM)/AMDBP1
GPART3=AMDB*(AMDB*CODEL13~-CODEL4)*CURDEN{I1IM)/AMDBP]
BIGA=APART1+APART2-APART3
BIGB=BPART1+BPART2~BPART3
BIGC=CPARTLI+CPART2-CPART3
BISD=DPART1+DPARTZ2-DPART3
BIGE=EPARTI+EPART2-EPART3
BIGF=FPART1+FPART2-FPART3
BIGG=GPARTL+GPART2-GPART3

GO TO 30 .
BIGA={AI2-CODE1)*CURDEN( IK)+CODE1*CURDEN{1IK)
BIGB=(AI1-CODE3)*CURDEN{IK)+CODE3*CURDEN(IIK}
BIGC=(AI6—-CODES }*CURDEN{IM)+CODES*CURDEN{ I1IM)
BI>D=(AI5—CODET)*CURDEN(IM)+CODET*CURDEN{ I IM)
BIGE={AI9-CODE9)*CURDEN{ IM)+LODEI*CURDEN(TIM)
BIGF=(AIl1-CODELl1l)*CURDEN(IM) +CODE11*CURDENI{TIIM)’
BIGG=(AI10-CODE13)*CURDEN(IM)+CODEL3*CURDEN(TI IM)
GO 10 30

CODE1=(AI3-SMALLC*AI2}/AI0M]
CODE3=(AI12-SMALLC*AI1)/AIOM1
CODES=({AIT-SMALLC*AI6)/AIO0OM]1
CODET=(AI6—-SMALLC*AI5)/AI0M]
CODE9=(AI10-SMALLC*AI9)/AIONML
CODE11=(AY12-SMALLC#*ATI11}/AIOM]
CODE13={AI11-SMALLC*AI101/AI0ML

BIGA={AIZ+CODEL }*CURDEN{IK)-~-CODE1*CURDEN{TITIIK)
BIGB={AI1+CODE3 )} *CURDEN{IK)-CODE3*CURDEN(TIIK)
BIGC=(AI6+CODES)*CURDEN{IM)-CODES*CURDEN{ITIM)
BI>D={AI5+CODE7)*CURDEN(IM)-CODET*CURDEN(ITIIM)
BIGE=(AI9+CODEI)XCURDEN{ IM)-CODEI*CURDEN{ ITIM)
BIGF=(AI11+CODE11)*CURDEN{IM)-CODEL11*CURDEN{IIIM)
BIGG=(AT10+CODE13)*CURDEN{IM)~CODEL3*CURDEN(IIIN)
PERFEC=CMPLX (-IMAGK1/FOUR,REALKL/FOUR)
FINITE=CST*THREE

AHELP=BIGA%*PERFEC

"BHELP=BIGB*DELTA¥PERFEC

CHELP=BIGC*DELTA*FINITE
DHELP=BIGD¥*DD2*FINITE
EHELP=BIGE*DD2*FINITE/PROPCT1
FHELP=BIGF=FINITE/PROPCT1
GHELP=TWO*BIGG*DELTAXFINITE/PROPLTL
HELP1=—AHELP-CHELP+GHELP
HELPZ2=—BHELP-DHELP+EHELP-FHELP
HPHIX=HELP1*TCOSAL+HELP2%*TSINAL
HPHIZ=HELP1*TSINAL~HELP2*TCOSAL
RETURN

END



FUNCTION FUNC(S) ’
Ce.. FUNC IS THE FUNCTION IN THE SMALL ARGUMENT SOLUTION OF APPENDIX D

cC WHICH MUST BE INTEGRATED NUMERICALLY.
COMMGN /Z1P/ DD2
$2=5%5§
SUM=52+DbD2
FUNC={ALOG{SUM) }/5UM
RETURN

END



FUNCYION RMBRG{F,A,B,EPS,AREA)
Cess FUNCTION RMBRG PERFURHS THE INTEGRATION OF A GIVEN FUNCTION BY THE

C TRAPEZOIDAL RULE TOGETHER WITH ROMBERG/S EXTRAPOLATION METHOD.
c 'THE SUBROUTINE WAS WRITTEN BY THE E.O. LAWRENCE RADIATION LABORATORY,
c BERKELEY.

Csae INPUTS ARE F -~ EXTERNAL FUNCTION TO BE INTEGRATED

A, . B - LOWER AND UPPER BOUNDS OF THE INTERVAL, RESPECTIVELY

£
c QUTPUTS ARE AREA — RESULTING APPROXIMATE VALUE OF THE INTEGRAL
c RMBRG — ERROR CODE — 1 IF REQUIRED ACCURACY NOT REACHED.
€ OTHERWISE, RMBRG = NUMBER OF SUBDIVISIONS REQUIRED 10
C . OBTAIN SPECIFIED ACCURACY.
Cow THIS ROUTINE IS SPECIFIC TO A CONTROL DATA CORPORATION 6000-SERIES
c {CDC 6400/6500/6600) MACHINE.
DATA MXRMXC, INDEF120:4'177?00000000000000008/
DIMENSION T(20,20)
COMMON /VARIAB/ ITER,TOLER,ACC
Al =0.
IFIEPS «LT. 0.} AI=AREA
ERR=0.
BA=B-A
- TNEW={(F(A) + F(B) ) /2.
Tils1)=TNEW
‘DENL1=T.
DO 100 L=2+MXR
RMBRG= L
DEN2=2 * DEN]
DX=BA/DEN2
KUP=DEN2-1.
SUM=0.0
DO 120 K=1+KUP,2
X=A+K*DX
120 SUM=SUM+F (X}
TlL+1) = (SUM/DENL + TiL-1,1))72.
D4=1.
JC=MINO {Ly MXC)
IF(JC .EQ. 1 ) GO TCQ 210
DO 200 J=2,4C

Dé =4, ¥4 . ’
200 - T(L+J)=Ti{L,J- 1)+(TchJ 1) ~TiL- -1l d~ 11!!‘04*1 )
210 TOLD=TNEW

TNEW=T{L,JC)
DA=TNEW-TOLD

- IF{ABS(DA} .LE, ABS(EPS*(TNEW+AI)) ) GO TO 150
IF(L.GT.ITER} GO TO 101

100 DEN1=DEN2
101 RMBRG=-1.
ERR=DA*BA

C***####t*#**tt*t#*#******##** ERROR RETURN ##kkkihkkkiordsikbkkkiophikkrksk
AREA = INDEF . OR. MXR- .
RETURN ’
Codaokk kkkriokkepiokd ik ok kkkkrdhdr kb btk dbathiohkkkknashkh bk knkhkkkkk
150  AREA=TNEW*BA
RETURN
END


http:TNEW=T(L.JC

PROGRAM FINESCT {INPUT,0UYPUT)
oes FINESCT CALCULATES THE MAGNETIC FIELD INTENSITY
SCATTERED BY A FINITELY CONDUCTING CYLINDER IN A CONDUCTIVE
WHOLE SPACE.THE INCIDENT PLANE WAVE IS ASSUMED TO BE POLARIZED
SUCH THAT THE ELECTRIC FIELD VECTOR IS PARALLEL TO THE LONG AXIS
OF THE CYLINDER. THE INCIDENT FIELD 1S ASSUMED TO BE THE
TRANSMITTED FIELD OF A WAVE NORMALLY INCIDENT (PHI=180.) UPON
A CONDUCTIVE HALF SPACE. :
INPUTS AREeselLX — THE NUMBER OF STATIONS.
NZINC - THE NUMBER OF DEPTHS OF BURIAL TO BE
CONSIDERED.
LSTOP - THE NUMBER OF TERMS TO' WHICH THE SERIES HAS
BEEN TRUNCATED.
PHI - THE ANGLE OF INCIDENCE, MEASURED CLOCKWISE
FROM THE VERTICAL Z~-AXIS (1T WILL DIFFER FROM
180. IF A HALF SPACE TRANSMITTED FIELD IS NOT
NECESSARILY BEING CONSIDERED.) .
HO -. THE INCIDENT FIELD INTENSITY. (NORMALLY TAKEN
T0 BE 1.)
X0 — THE INITIAL STATION. °
XINT -~ THE STATION INTERVAL.
R -~ THE RADIUS OF THE CYLINDER.
Z0 - THE DEPTH TO THE TOP OF THE CYLINDER.
" FREQ — THE FREQUENCY OF THE INCIDENT FIELD.
DIECSTL ‘- THE DIELECTRIC CONSTANT OF THE WHOLE SPACE.’

MAGPERL -~ THE MAGNETIC PERMEABILITY OF THE WHOLE -
SPACE.

DIECST2 - THE DIELECTRIC CONSTANY OF THE CYL INDER.

MAGPER2 -~ THE MAGNETIC PERMEABILITY OF THE CYLINDER..

CONDUCL ~ THE CONDUCTIVITY OF THE WHOLE SPACE.
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CONDUC2 - THE CONDUCTIVITY OF THE CYL INDER.
Cans SUBRUUTINES CALLED BY FINESCT ARE - BESZIP,HINTGR, AND BESK..
Cese NOTE THAT ALL UNITS ARE MKS.

DIMENSION XT(100) sSHXR(L00) 4SHZR(100), SHXIl100115HZI(100),PHASEX(1
100} PHASEZ(100) 4HSECX (10D} 4HSECZ(100),DIPMAJ(100),20(10)

CIMENSION HELP{110),0UT1{110),HL1CL{110),HLI(110),0UT2(110)

DIMENSION DERJK1{110),DERKK1{110),FI{110},CURRKI{110},CURRM{110),
1PHASEK{110) ,PHASEM(110),AMPK(110),AMPM(110}

COMPLEX ARG, ARGCSTIQUUTI!HLlCltHLZCl'HELP'OUTOI!HLICO'HELPO AJAY,
1HC yHL1 sHL2 y AJAYP 3 AJAYN s SUMPHI y SUMRHD CST 4 HILL » HHDLE,TERH,HPHI HRHO
23,HL2C0,CNO+21P1,ZIP2,DERJIKL yDERSK2 y DERHK L +CN

COMPLEX ARGLSTZ2,0UT2,TOP+BOTT.OM,0UTO2,TOPO, BOTTOMO

COMPLEX ZAIR+ZEARTHsZRATIO.HREFL ,CCEFF,AIMPl,AIMP2,PROPLTL,PROPLT2Z

COMPLEX ADDKsADDM,CURRKyCURRM ’

REAL MAGPERI MUl sIMAGK]l y MAGPERZ,MUZ, IMAGK?2

READ 1, LOCP

DO 2000 LOO=1,L00P

READ 1y LLXsNZINC4LSTOP,NPHI

READ 2y PHIsHD 3 X0+ XINT,R

READ 2, (ZO(NZ)  NZ=1+NZINC)

READ 2, FREQ,DIECSTI +MAGPERL,DIECST2,MAGPERZ

READ 3, CONDUCL,CONDUC?

FORMAY (91I3)

FORMAT (8F9.4)

FORMAT ({5E15.7)

FORMAT (BE15.7}

FORMAT (1H1)

O W N -



11 FORMAT (1HQ)
FOURPI=12.566370614359173
THOPI=6,2831853071795865
HALFPI=1.570796326794897
THOIPI=.6366197723675813
RADITAN=,01T7453292519943294
FOUR=4,000000000000000
THREE=3.00000000000000000
THO=2.000000000000000
ONE=1.000000000000000
ZER0=.0000000000000000
AJAY=CMPLX (ZERQO,CONE)
PHI=PHI#*#RADIAN
HX=HO*SIN(PHI-HALFPI)
OMEGA=TWOPI*FREQ
AMU=FOURPI*1,E-07
MUL=MAGPER1*AMU
MUZ=MAGPERZ2¥*AMU
EPA=8,B539803E-12
EPSILOL=DIECST1*EPA
EPSILOZ2=DIECST2*EPA
CONAIR=1.E-17
AAIR=CONAIR/(EPAXDMEGA)
AATRZ=AAIR*AAIR
ARAIR=SQRT (ONE+AAIR2Z)
BAIR=AMU*EPA/THO
AIRKR= DMEGA*SQRT(BAIR*IARAIR+DNEI)
AIRKI=OMEGA*SQRT(BAIR*{ARAIR-DONE)}
ZAIR=AMUXOMEGA/ {CMPLX(AIRKR,AIRKI )}
Al1=CONDUCL/{EPSILUL*0OMEGA)
AS]l=A1%A]

AR1=SQRT{ONE+AS1)
Bl=MUL*EPSILOL/THWO
REALK1=0OMEGA*SQRT{BL*(AR1+ONE))
IMAGK1=0MEGA*SQRT (B1*(ARL~ONE))
A2=CONDUC2/(EPSILO2*0OMEGA)
AS2=A2%A2 ’ ) N
ARZ2=SQRT(ONE+AS2)
B2=MUZ*EPSILOZ2/TWO
REALK2=0OMEGA%*SQRT{B2*{AR2+0ONE}}
IMAGK2 =0OMEGA*SQRT (B2*{AR2-0ONE))
PROPCTI=CMPLX(REALKL 9 IMAGKL)
PROPCT2=CMPLXAREALKZ , IMAGK2)
ABSK1=CABS(PROPCT1)
ABSK2=CABS{PROPLT2)
WAVEL1=TWOPI/REALKL
WAVELZ=TWOPI/REALK2
AIMP1=MUL*0OMEGA/PROPLT1
AIMP2=MUZ2*0OMEGA/PROPCT2
ZEARTH=AIMPL

IRATIO=ZEARTH/ ZAIR

HREFL={ (ONE-ZRATIO)/ {ONE+ZRATI0) ) *HX
HORRE=HX+REAL{HREFL)
HORIM=AIMAG (HREFL)

PHASEQ=ATANZ {HORIM,HORRE)

HHOR2 =HORRE#HORRE+HORIM*HORIM



100

101

102
103

105

110
120

HHOR=35QRT (HHORZ2}
XT({1)=X0

DC 100 LX=1.LLX

XTILX+L)=XT(LX)+XINT
ARGCSTL=CMPLX{REALKL*R IMAGKL1*R)
ARSCST2=CMPLX({REALKZ2%R,IMAGK2*R)

CALL BESZIP({ZERU,OUTO12ARGLST 144,415}
CALL BESZIP(ONE,OUT1{1)yARGCST1,+44+15)
CALL HINTGR{O0,ARGCST1 ,HL1CO,HL2CO)

CALL HINTGR(1,ARGCSTL HLICL1(1)yHL2C1)
IF{CONDUC2-1.E+03) 101,101,102

CALL BESZIP(ZERO,yOUTOR2+ARGCST244415)
CALL BESZIPIONE,OUTZ2(1)sARGLST244415)
CNO=ATMP2*0UTOZ2/ (AINPL*OUTZ2(1
TOPO=0UTOL1-CNO*CUTLI(1)
BOTTOMO=HL1CO~-CNO*HL1C1{1)
HELPO=-TOPO/BOTTOMO

GO TO 103

HELPG=~0UTO1/HL1CO

CONTINUE

0O 120 L=1,LSTOP

LPl=L+1

ORD=FLOATI(LP1)

CALL BESZIP{ORD,yOUTI(LPL)ARGCST1y4%4415}
CALL HINTGR(LP1 ARGCST14HLLICL{LPL)4HL2C1)
IF(CONDUC2-1.E+03) 105,105,110

CALL BESZIP(ORD,0UTZ2(LP1) +ARGLST224415)
ZIP1=(FLOATI{L))/ARGCST1,
ZIP2={FLOAT{L)}/ARGCST2
DERJKLI(L)I=ZIP1*0UTL1(L)-OUTLILPL)
DERJKZ2=ZIP2*0UT2{L)~0UTZ(LPL)
DERHKI{EL}=ZIP1*HL1CL(L)}-HLICLI{LP1)
CN=AIMP2%0UT2{L}/ (AIMP1%*DFRJK2)
TOP=0UT1{L)-CN*DERJK] (L}

BOTTOM=HLICL {L)~CN*DERHKL {L)

HELP (L) =-TOP/BOTTOM

GO To 120

HELP (L} =-0UTL (L) /HLICLI{L)}

CONTINUE

D0 300 NZ=1+NZINC

HEIGHT=Z0{NZ)+R

TRANSL=REALK1*HEIGHT .
COEFF=(TWO/ (ONE+ZRATIO)) *EXP({-IMAGK1*HEIGHT)
HC=COEFF2CMPLX{~-SIN(TRANSL) yCOS{TRANSL))
PRINT 10

DO 200 LX=1sLLX
RHO=SQRT{HEIGHTHHEIGHT+XT-{LX)*XT(LX))
ARG =CMPLX[REALK1*RHO, I MAGK]1 *RHQO)

CALL HINTGR(1,ARGsHL1{1},HL2)

CAJAYP=CMPLX(ONE,ZERQ)

AJAYN=AJAYP

AL1=DNE

SLMPHI =CMPLX {ZERU,ZERD)
SUMRHO=CMPLX ( ZERO, ZERD)
PPHI =ATAN2 {XT (LX) yHEIGHT)
DO 140 L=1,LSTOP



LLU=L+1

CALL HINTGR{LLUJARG,HLL{LLU) ,HL2) -
ALl=—AL1l

AL2=-AlL1

AJAYN=AJAYNEAJAY

AJAYP=AL1%AJAYN

AL=FLOAT{(L)

TRGARG=AL%PPHI

CST=AJAYP*HELP{L)
HILL=AL*LST*HLLIL}

WHOLE= (HILLFARG=HLLI(LLU)*CST)*COS(TRGARG)
SUMPHI=SUMPHI+WHOLE
SLMRHO=SUMRHUO+HILL*SIN{TRGARG)

140 CONTINUE

TERM=-HELPO*HL1(1)

HPHI =TERM+THO®SUMPHI

HPHI =HC*HPHI
HRHO=TWO*HC*SUMRHO/ ARG

PRINT 5, TERM;WHOLE ,HPHI

PRINT Sy TERMyHILL,HRHO
HPHIR=REAL (HPHI)
HPHIT=AIMAG{HPHI)

HRHOR=REAL (HRHO)
HRHOI=AIMAG{HRHO)
TILL=HEIGHT/RHO
TOLL=XT(LX}/RHO
SHXR(LX)=HRHOR*TOLL+HPHIR*TILL
SHZRA(LX}=HRHOR*TILL-HPHIR*TOLL
SHXT (LX)=HRHOI*TOLL+HPHII*TILL
SHZI (LX)=HRHOT*TILL-HPHII*TOLL
PHASX=ATANZ2 (SHXI (LX)} sSHXR{LX))
PHASZ=ZERO

IF(SHZI (LX) aEQeDe s ANDLSHZR{LX)<EQeGa) GO TO 141
PHASZ=ATANZ{SHZI (LX) sSHZR{LX))

141 PHASEX{LX)=PHASX/RADIAN
PHASEZ (LX) =PHASZ/RADIAN
TUE=SHXT{LX)*SHXT (LX)} +SHXR{LX)*SHXRILX) ~
WED= SHZI{LX)*SHZI(LX)+SHZR(LX)*SHZR(LX)
HSECX{LX)=SQRTI(TUE)

HSECZ{LX)=SQRT {WED)
THUR-HSECZ(LX}*{HHDR*CUS{PHASZ-PHASEO)+HSECX{LX)*COS(PHASX-PHASZ))
FRI=(TUE- HED+HHOR2+TNU*HHOR*HSECXiLXI*COS(PHASX—PHASEO))

SAT=-THUR

ROOT=SQRT(FRI*FRI-FOUR*THUR*SAT)

DENOM=TWO*THUR ’

DIPMAJ(LX)=ZERD

IF(DENOM.EQ.O.) GO TO 200
DIPMAJILX)={ATAN{(-FRI+ROOT}/DENOM})}/RADIAN

200 CONTINUE
PRINT 10
PRINT 710

710 FORMAT{20X*MAGNETIC FIELDS ABOVE TWO DIHENSIUNAL INHOMOGENEITIES I

1N A CONDUCTIVE WHOLE SPACE¥®)
PRINT 11
PRINT 715
715 FORMAT (Sx.*PARAMETERs OF THE WHOLE SPACE ARE .ee%*)



PRINT 720, CONDUC1,DIECST1,MAGPER]
720 FORMAT {(10Xs%CONDUCTIVITY =%1PE12.3y%,*5X,*DIELECTRIC CONSTANT =%}
LPEL243 3%y %5X,*MAGNETIC PERMEABILITY =%1PE12.3)
PRINT 11 .
PRINT 725
725 FORMAT (5X,*PARAMETERS OF THE CYLINDER ARE esee¥)
PRINT 720, CONDUC2,DEIECST24MAGPERZ
PRINT 726+ R
726 FORMAT ({10X,*RADIUS =#1PE12.3)
PRINT 11
PRINT 730
730 FORMAT (5X,*PARAMETERS OF THE SURVEY ARE ....¥%)
PRINT 735, FREQsWAVEL1,AIMP1
735 FORMAT (lOX*FREQUENCY =%1PEL12.3+%,*¥5X,*WAVELENGTH 1 =¥1PE12.3,%,%
15Xy *WAVE IMPEDANCE 1 =%2(1PEL12.3)}
PHIANG=PHI/RADIAN
PRINT 736, PHIANG.WAVELZ2,AIMP2
736 FORMAT (1O0Xs*ANGLE OF INC =%F9,23%%*5X, *WAVEL ENGTH 2 =%IPE12.3 %%
15Xs*WAVE IMPEDANCE 2 =*2(1PE1l2.3))
PRINT 11
PRINT 740, ZO(NZ)
T40 FORMAT (35X,3HZ =F12.3)
PRINT 11
PRINT 745
T45 FORMAT (LOXeXHXR%(10X,*¥HXTI*6X s %¥X PHASE®L1X, ¥HX*10X, ¥HIR¥1OX,*¥HZTI*6X
1y%Z PHASE#1L1X%HZI%4X*DIP MAJORX6X ,¥STAT ION*)
PRINT 11
PRINT 750y (SHXR{LX) +SHXL{LX) PHASEX{LX)}sHSECX[LX) s SHZRILX)4SHZI(L
1X) s PHASEZ (LX)} yHSECZILX) 9 DIPMAJILX) o XTILX oL X=14LLX)
750 FORMAT (9(1Xs1PEL2.4),3X,0PF8.3)
IF{CONDUC2.GT.1.E+03) GO TGO 300
ANGLE=TWOPI/FLUOAT({NPHI)
FI(1)=ZERO
DO 800 N=2,NPHI
B00 FIIN)=FI{N-1)}+ANGLE
DO 820 N=1,NPHI
ADDK=CMPLX{ZERQ,ZERO)
ADIM=CMPLX(ZERO,ZERD)
AJAYN=CMPLX(ONE,ZERQD)
DO 810 L=1,LSTOP
AJAYN=AJAYN/AJAY
TRG=COS(FLOAT(L}*FI{N))
ADDK=ADDK+AJAYN* (DERJKL(L)+HELP(L}*DERHK1(L )} *TRG
810 ADOM=ADOM+AJAYN%*{CUTL (L)+HELP{L}*HL1C1{L})*TRG
ABDK=TWU*ADDK-0OUT1 {1) -HELPO®HLI1C1( 1)
ADDM=YHWO*ADDM+QUTO1+HELPO*HL1CO
CURRK({N)=HC*ADDK
CURRMIN)=—ZEARTH*HC*ADDM/ AJAY
PHASEK (N)=ATANZ2 {AIMAG (CURRK({N} ) »REAL{CURRK{N)))}/RADIAN
PHASEM (N} =ATANZ (ATMAG (CURRM(N) } y REAL{CURRM{N) ) )/RADIAN
AMPK (N} =CABS{CURRKI(N)) '
820 AMPM(N)=CABS{CURRMIN))
PRINT 10
PRINT 410
410 FORMAT (15X*DISTRIBUTICN OF INDUCED CURRENTS*)
PRINT 11



PRINT 420

420 FORMAT (10Xs*REAL PART#2Xs¥IMAGINARY PART#9X,#MODULUS*LLX#PHASEX)
PRINT 11
PRINT 430

430 FORMAT (SX*ELECTRIC CURRENTS*)
PRINT 11
DO 440 N=1,NPHI
PRINT 435, CURRK(N),AMPK (N)yPHASEK (N)

435 FORMAT (LHO2X,8£16.8)

440 CONTINUE
PRINT 10
PRINT 450

450 FORMAT (5X*MAGNETIC CURRENTS*)
PRINT 11
DO 460 N=1,NPHI
PRINT 435, CURRMIN) ,AMPM(N),PHASEMI(N)

460 CONTINUE

300 CONTINUE

2000 CONTINUE
STOP
END



OOOGOO0

N

8035
800

790
791
720

780

792
793

SUBROUTINE BESZIP {ORD,0OUT»ARGyNTERMS,NLONW)

INPUTS ARE ORD (ORDER OF THE BESSEL FUNCTICN -OF THE FIRST KIND)
ARG (COMPLEX ARGUMENT OF 'THE BESSEL FUNCTION OF THE

FIRST KIND)
NTERMS (NUMBER OF TERMS TO BE USED IN THE ASYMPTOTIC
EXPANSION)

NLOW (NUMBER OF TERMS TO BE USED IN THE SERIES EXPANSION)

OQUTPUTS ARE OUT {COMPLEX ANSWER)

COMPLEX ARGsFA,ECH,COSFACSINFAC,PLAY,TERMC,TERMS,0UT

DIMENSION FA (200)

NORD = IFIX{ORD)

FL = 1.0

IF(NORD «EQe 0} GO ¥O 800

DO 805 K = 1,NORD

FL = FL*FLOAT{K)

CONTEINUE

NZ2T=2%NTERMS ,

"IF{CABS{ARG).LT.12.0) N2T=NLOW

ECH=(1.0,0.0)

DO 720 J=1,N2T

NQ=J+1

NR=J

NP=(2%3)-1

PQ=FLOAT(NP)

QUIP=FLOAT{NR)

IF(CABS(ARG)<LTel2.0) GO TO 790

FA {J)={{{~1.0)*%NQ) *{{4.0%{CRD**2) )}~ (PQ**Z”)/(FLUAT(NR)*S 0*ARG

1)

GO TO 791

FA  (J)={ARG*ARG*¥0.250)/ (QUIP*(0ORD+QUIP) )

FA (J)=FA {(J)*ECH

ECH=FA {J)

COSFAC={0.0,0.0)

SINFAC={0.,0,0.0)

DG 780 J=2,N2T'2

COSFAC=COSFAC+FA  (J)

SINFAC=SINFAC+FA {J-1)

IF{CABS{ARG).LT.12.0) GO TC 792

PLAY=ARG-0.785398~(1.57079%0RD)

TERMC={CCOS{PLAY))*{1.0+COSFAC)

TERMS={CSIN(PLAY))}%SINFAC

ouTs= (00797884*(TERHC—TERM51’/CSQRT(ARGI

GO TO 793

QUT={({ARG*(0,5 ) **NORD}*(1.0+COSFAC-SINFAC) }*{1.0/FL)

RETURN

END



C.ﬂl
C
C
C...
C
C
C
9
10
20

"SUBROUTINE HINTGR{NyZyHl,H2)

SUBROUTINE HINTGR CALCULATES HANKEL FUNCTIONS OF THE FIRST AND
SECOND KIND FROM THE MODIFIED BESSEL FUNCTION (K} OF THE SECOND
KIND.
INPUTS ARE N -~ INTEGER ORDER OF THE HANKEL FUNCTION
Z - COMPLEX ARGUMENT
OUTPUTS ARE Hl - COMPLEX ANSWER (HANKEL FUNCTION OF THE FIRST KIND)
) H2 — COMPLEX ANSWER (HANKEL FUNCTION OF THE SECOND KIND)
COMPLEX Z4H1,HZ2,AJAY,ARGy8BK
PI=3.14159265358979
TWOIPI=.63661977236758134
TW0=2.0000000000000000
ONE=1. 00000000000000
2E2D0=0.000000000000000
AJAY=CMPLX{ZERO,ONE}
ARG=~AJAY®Z -
CALL BESKI{ARGsNsBK,I1ER)
IF{IER) 9420,9
PRINT 10, IER
FORMAT (25X.%IER =%19)
CALL EXIT
TARG=FLOAT (N} *PI/THO
1-—CMPLx:THDIP:*S!N(TARG).THUIPI*CUS(TARG)}*BK
H2=CONJG (H1) :
RETURN
END



C...

OO0 0O00OO00O00
.
[ ]
]

10
11
21
22

25

SUBROUTINE BESK(XsNsBK,IER)
SUBROUTINE BESK CALCULATES MODIFIED BESSEL FUNCTIDNS (K} OF THE
SECOND KIND. THIS ROUTINE HAS BEEN MODIFIED FROM THAT GIVEN IN THE
ITeBeMs SCIENTIFIC SUBROUTINE PACKAGE (V. 2) TO INCLUDE COMPLEX
ARGUMENTS.
INPUTS ARE X — COMPLEX ARGUMENT
N — INTEGER ORDER
QUTYPUTS ARE BK -~ COMPLEX ANSWER ’
IER - ERROR CﬂDE -0 NORMAL RETURN
- THE ORDER (N) IS NEGATIVE

1
3 - ABSOLUTE VALUE OF THE ARGUMENT
4

EXCEEDS 170.
-~ ABSOLUTE VALUE OF THE ANSHER

EXCEEDS 10.%*70.

DIMENSIDN T{14)

COMPLEX XsBKyGOsGLlsT3AsBsCsGJeX2J

TwD=2.000000000000000

CNE=1.00060000000000000

ZERO0=04 0000000G00000000000

BK=CMPLX{ZEROy ZERO)}

IF{N)L1O,11,11

IER=1

RETURN.

CX=CABS{X)

IFICX-170.) 22422,21

IER=3

RETURN

1ER=0Q

IF(CX-4+5) 36136425

A=CEXP(-X}

B=0ONE/X

C=CSQRT(B}

T{1)=B

DO 26 L=2,12

T(L)=T(L~-1)%*B

IF{N=1) 27429,27

COMPUTE KO USING POLYNOMIAL APPROX IMATION.
GO=A%(1.2533141373-.1566641816%T{(1)+.0881112782%T{2)~.0913909546%7T

103)+,1344596228%T(4)-.2299850328%T(5)+.3792409730*T(6)-.5247277331
2XT{T)+.557536836T%T(8)-.4262632912*T(9)+,2184518096%T(10)-.0668097

- 3672%T{11)+. 0091893830*T(12})*C

26
C
C...
C

27

28
C -
C..!’
c

29

IF(N) 10,28,29
BK=G0
RETURN

COMPUTE K1 USING POLYNOMIAL APPROXIMATION.

G1=A*(l.2533141373*.4699927013*T(1]--14@8582957*7(2)+.1280426636*T
1(3)-al1736431037*T {4} +a28B47618149%T{5)—-,4594342117%T(6)+4,6283380681
2ET(T ) -+ 6632295430%T({8)+.50502385T6*T{9}-.2581303765*T{10)+.0788000
3118%7{11)-.0108241-775*%T{12))*C

IF{N-1) 10,30,31

30 BK=G1

RETURN



Ceve FROM KO, K1, COMPUTE KN USING RECURRENCE RELATION..

31 DO 35 J=2,N
GJ=TWO* {FLOAT ( J)-ONE) ¥G1/X+G0
IF{CABS{GJ)=1.0ET0) 33,33,32
32 IER=4
. GO0 TO 34
33 60=G1
35 G1=GJ
34 BK=GJ -
RETURN
36 B=X/THO
A=.5772156649+CLOG (B)
C=B*B -
IFIN-11 37,43,37

Cans tUMPUTE KO USING SERIES EXPANSION.

37 GO=
X24= CMPLx(GNE,ZERO)
FACT=0ONE
H4=ZEROD
DO 40 J=1,10
RJ=ONE/FLOAT(J)
X23=X2 J*C
FACT=FACT#RJ%RJ
HJ=HJ+RJ

" 40 GO=GO+X2J¥FACT*(HJ-A)

IF(N) 43542443

42 BK=G0
RETURN

Coses COMPUTE K1 USING SERIES EXPANS ION.

43 X2J=B
. FACT=0ONE -
HJ=0NE
Gl= 0NE/X+X2J*( 5+A—HJ}
DO 50 J=2,12 -
X2J=X2J%C"
RJI=0ONE/FLOAT(J)
FACT=FACT#RJ*RJ
: HJ=HJ+RJ
.50 Gl=GI+X2J*FACT*{. 5+ (A- HJ)*FLGAT(J))
- CIF(N-1) 31, 52,31
52 BK=61
RETURN
END



