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LISTING 

COMPUTER PROGRAMS 



** L.R.L. 1401 CARD LIST **
 



C... 
PROGRAM HAFSPAC(INPUTOUTPUT) 
HAFSPAC CALCULATES THE MAGNETIC FIELD INTENSITY SCATTERED BY A 

$69.153 

C FINITELY CONDUCTING CYLINDER IN A CONDUCTIVE HALF-SPACE. THE 
C INCIDENT FIELD IS ASSUMED TO BE AN EY-POLARIZED PLANE WAVE." 
C IF PHI IS NOT 180 DEGREES, THE PROGRAM IS NOT VALID. 
C... NOTE THAT THIS PROGRAM ASSUMES ALSO THAT THE TOPOGRAPHIC CONTOUR 
C AND CYLINDER CONTOUR ARE MIRROR SYMMETRIC ABOUT THE Z-AXIS. IF A 
C NON-SYMMETRIC SCATTERER IS TO BE CONSIDERED, THE CARD(S) WHICH 
C HAVE AN * IN COLUMN 1 MUST REPLACE THE CARD(S) WHICH FOLLOW IT 
C (THEM). 

C... INPUTS ARE ... LOCP - THE NUMBER OF TIMES THE SOLUTION IS TO BE 
C CONSIDERED (AND HENCE ALL NEW INPUT DATA). 
C LLX - THE NUMBER OF STATIONS'Ar WHICH THE SCATTERED 
C FIELD IS TO BE CALCULATED. . 
C NDEPTH 

C 

C 

C 

C NTOPO -

C 

C 

C 

C 

C 

C 

C NINHOM -

C 

C 

C 

C 

C 

C NAl 

C 

C 

C 

C 

C 

C NA2 -
C 
C 
C ITER-
C 
C 
C PHI -
C 

- THE NUMBER OF BURIAL DEPTHS AT WHICH THE 
CYLINDER IS TO BE PLACED. THE SOLUTION I'S 
REPEATED ASSUMING ALL.OTHER PARAMETERS ARE 
THE SAME. 

THE NUMBER OF INTERVALS INTO WHICH THE
 
TOPOGRAPHIC CONTOUR HAS BEEN-DIVIDED. THE
 
PROGRAM ASSUMES THAT NTOPO IS ODD (THE CENTER
 
OF THE MID-PROFILE INTERVAL IS AT X=O.. THE
 
FIRST TOPOGRAPHIC INTERVAL IS ON THE'LEFT
 
HAND OR NEGATIVE X-AXIS SIDE AND THE LAST
 
INTERVAL IS ON THE RIGHT HAND SIDE.
 
THE NUMBER OF INTERVALS INTO WHICH THE
 
INHOMOGENEITY CONTOUR HAS BEEN DIVIDED. THE
 
PROGRAM ASSUMES NINHOM IS EVEN .THE CENTER
 
OF THE FIRST INTERVAL IS AT X=O. ON THE TOP
 
OF THE CYLINDER, AND THE INTERVALS ARE
 
DESCRIBED CLOCKWISE FROM HERE.
 

THE ORDER N IN SIMPSONS RULE PLUS 1 (THUS NAI
 
IS ALWAYS ODD).NA1 DETERMINES INTEGRATION
 
ACCURACY ON THOSE CONTOURS FOR WHICH'/KR/ .LT.
 
RE OVER THE ENTIRE WIDTH OF A SAMPLING INTERVAL
 
IN THE EARTH. NORMALLY 3 OR 5 IF CONDUCI IS
 
1.E-03.
 
SAME AS NAI EXCEPT THAT /KR/ .LT. RE OVER THE
 
ENTIRE WIDTH OF A SAMPLING INTERVAL IN THE
 
CYLINDER. NORMALLY 3 TO 11, DEPENDING ON CONDUCZ.
 
MAXIMUM NUMBER OF'BISECTIONS OF THE INTEGRATION
 
INTERVAL USED IN SUBROUTINE RMBRG. NORMALLY
 
ABOUT 10.
 

THE ANGLE OF INCIDENCE, MEASURED CLOCKWISE
 
FROM THE VERTICAL Z-AXIS. PHI MUST BE 180 DEGREES.
 

C HO - THE INCIDENT FIELD INTENSITY. (NORMALLY TAKEN
 
C TO BE 1.)
 
C XO - THE INITIAL STATION.
 
C XINT - THE STATION INTERVAL.
 
C RE - THAT VALUE FOR WHICH THE SMALL ARGUMENT SOLUTION 
C IS USED IF IKRI eLT. RE OVER THE ENTIRE WIDTH 
C OF A SAMPLING INTERVAL. NORMALLY ABOUT .5.
 
C TOLER - THE UPPER BOUND OF THE ABSOLUTE ERROR. THIS
 
C VALUE IS USED ONLY IN SUBROUTINE RMBRG. NORMALLY
 
C .001.
 
C SAMPLE - THE INTEGRATION SAMPLING RATE PER WAVELENGTH
 



C (SEE SECTION 4-3 OF THESIS FOR AN EXPLANATION 
C OF THIS PARAMETER).SAMPLE IS.USED TO DETERMINE 
C, INTEGRATION ACCURACY ALONG THE TOPOGRAPHIC 
C PROFILE. NORMALLY 20. TO 30. 
C ACC - DETERMINES THE WIDTH OF THE INTERVAL (DELTA/ACC 
C ,DELTA*ACC) OVER WHICH FUNC IS NUMERICALLY 
C INTEGRATED. NORMALLY ABOUT 30. 
C 10 - ELEVATION OF THE SURVEY OR FLIGHT LEVEL., 
C Zl- DEPTH TO THE TOP OF THE INHOMOGENEITY. 
C FREQ - THE FREQUENCY OF THE INCIDENT FIELD. 
C DIECSTO - THE DIELECTRIC CONSTANT OF THE AIR.-
C MAGPERO - THE MAGNETIC PERMEABILITY OF THE AIR. 
C CONDUCO - THE CONDUCTIVITY OF THE AIR. 
C DIECSTI - THE DIELECTRIC CONSTANT OF THE EARTH. $69.153 
C MAGPER1 - THE MAGNETIC PERMEABILITY OF THE EARTH. $69.153 
C CONDUCI - THE CONDUCTIVITY OF THE EARTH. $69,.153 
C DIECST2 - THE DIELECTRIC CONSTANT OF THE INHOMOGENEITY. 
C- MAGPER2 - THE MAGNETIC PERMEABILITY OF THE INHOMOGENE'ITY. 
C CONDUC2 - THE CONDUCTIVITY OF THE INHOMOGENEITY. 
C SCX(J,K) AND SCZ(JtK) - THE COORDINATES-OF THE EDGES OF THE 
C INTERVALS WHICH DESCRIBE THE CYLINDER AND 
C TOPOGRAPHIC PROFILES.NOTE THAT THE CYLINDER 
C PROFILE MUST BE READ IN FIRST, AND ONLY THE 
C NEGATIVE HALF OF THE TOPOGRAPHIC CONTOUR -IS READ. IN. 
C... SUBROUTINES CALLED BY HAFSPAC ARE 
C DATTOP,.DATHOM, SMARG, HINTOI, ACURAT, APPROX, ANSWER, EHHFSP, 
C EHFTSP, CUPIEQ, MANDK, CINVER, INVERT, FIELDS, FUNC, AND RMBRG. 
C... NOTE THAT ALL UNITS ARE MKS. 

DIMENSION SIJR(90,90),SIJI(9O,90),FIELDR(200)FIELDI(200)ZO(50)t 
ICURDEN(200),TEMP(2200),Z(10)-,FIELD(2001 
DIMENSION XT(50-,SHXR(50),SHZR(50,SHXI[(50)SHZI(50)tPHASEX(5O)t 
1PHASEZ(50),HSECX(50IHSECZ(50) 
DIMENSION SCX(10,2),SCZ(lOOZ),X(10O)tZ(10O),RALPHA(100),SCALPH 
1100,2),HALFW(100) 
COMPLEX CARGOBARGOCARG2,BARGZtHOItHOAH21,H2AFOIFOA.F21.F2A, 
ITERMK,TERMPKTERMMKTIRMKTIRMPKTIRMMKTERMMTERMPMtTERMMMTIRMMt 
2TIRMPMTIRMMMTEMPAID 
COMPLEX TARGOTARG2-.ROI.R21,TOIT21,HPHIXHPHIZ 
COMPLEX DARGODARG2.HODH2D0,FODF20 +69.167 
COMPLEX PROPCTOPROPOSGMLOGOAIMPOTACOYIPOZIPOZAPOiCUREHF, $69.167 
=CURMHFFIELD $69.167 
COMPLEX AIMGPROPCTIPROPCT2,PROPISPROP2SAIMPIAIMP2,TACITAC2 
1YIPIYIP2,ZIPIZIP2,ZAPIZAPZPRIMEEPRIMEHCURDENGMLOG29CST 
COMPLEX CMPXPIAIMGPICPXZERPROPICGMLOGHKOO#HKOI.HKOZAIAI2, 
IA13,AI4,AI5AI6,tAI7tAIBAI9,AI10,AIIAI12AIl13,HJOOHJOHJ02,AJI
 
2,AJ2,AJ3,AJ4,AJ5,AJ6,AJ7,AJ8tAJ9,AJ1QAJ1IAJ12,AJl3HIKOtHIKHIJ
 
30,HIJZ
 
COMPLEX ZSUMHRCOEF*ERCOEFHTCOEFETCOEFATTENtATTENOATTENIEINC,
 
IHINCEREFLHREFLtETRANSHTRANS,HOINTHUINTH21NT.H5INT.H61NT,H9INT
 
2,HIOINTH11INT
 
COMPLEX DIFFEDIFFH
 
COMMON /ZAP/ AJOPX,AMDA,BETAAMDAP.I,ONEMAM,SMALLA,SMALLBtDELTA,
 
ISMALLC,CC2,SAIMA,CAIMADCAIMA
 
COMMON /ZUP/ AIOPlAMOB;BETB, AMDBP1,ONEMA
 
COMMON /ZIP/ DD2
 
COMMON /CONSTS/ ISTOP,ISTOP2,ISTPI,NTOPUP,NUPTOPtNSTP1,NTOPHF,
 



1NTHFUP,NPTPPININHHFNUPHHFNSYMUPNMIDNMIDUPNSYMNSYM2,NMIDM
 
2NMIDP,NSYMMNTOPO
 
COMMON /VARIAB/ ITER,TOLER,ACC
 
EXTERNAL FUNC
 
REAL MAGPERO,MAGPERIMAGPER2,MUOMUIMU2,IMAGKO, IMAGKIIMAGK2
 
READ 1, LOOP
 
DO 2000 LOO=I,LOOP
 
READ 1, LLX,NDEPTHNTOPONINHM,NAINA2,ITER
 
READ 2, PHI,HO,XO,XINTRE,TOLERSAMPLEACC 


READ 2,(ZO(NZ),NZ=1,LLX)
 

READ 2, (ZI(ND),ND=1,NDEPTH) 

READ 2, FREQDIECSTO.MAGPERODIECSTI.MAGPERDIECST2,MAGPER2
 
READ 3, CONDUCO,CONDUC1,CONDUC2
 

"IF(NINHOM.EQ.01 GO TO 12
 
READ 2, 4(SCX(I,K),K=1-,2J,I=l,NINHOM)
 
READ 2, ((SCZ(I,K),K=l,2),=11,NINHOM)
 

12 CONTINUE
 
1 FORMAT (1013)
 
2 FORMAT (8F9.4)
 
3,FORMAT (5E15.7)
 
5 FORMAT (8E15.7)
 
6 FORMAT (5X,8E15.7)
 

10 FORMAT (IH1)
 
11 FORMAT (IHO)
 

FOURPI=12.566370614359173
 
TWOPI=6.2831853071795865
 
PI=3.14159265358979324
 
HALFPI=I.570796326794897
 
TWOIPI=.63661977236)75813
 
RADIAN=.017453292519943296
 
FOUR=4.000000000000000
 
THREE=3.00000000000000000
 
TWO=2.000000000000000
 
ONE=1.000000000000000
 
GAMMA=.57721566490153286
 
ZEiO=.OOOO000000000000
 
AIMG=CMPLX(ZERO,ONE-)
 
AIMGPI=AIMG/PI
 
CMPXPI=TWO*AIMGPI
 
CPXZER=CMPLX(ZERO,ZERO)
 
PHI=PHI*RADIAN
 
HX=HO*SIN(PHI-HALFPI)
 
OMEGA=TWOPI*FREQ
 
APU=FOURPI*1.E-07
 
MUO=MAGPERO*AMU 

MUL=MAGPERI*AMU
 
MU2=MAGPER2*AMU
 
FIP=MUO*OMEGA 

HIP=MUI*OMEGA
 
GIP=MU2*QOMEGA
 
FIPPEE=FIP/FOUR 

HIPPEE=HIP/FOUR
 
GIPPEE=GIP/FOUR
 
EPA=8.8539803E-12
 

169.167
 

+69.167
 

+69.153
 

+69.153
 

+69.153
 

http:IF(NINHOM.EQ.01


EPSILOO=DIECSTO*EPA +69.153
 
EPSILOl=DIECST1*EPA
 
EPSIL02=DIECST2*EPA
 
AO=CONDUCO/(E'PSILOO*OMEGA) +69.153
 
ASO=AO*AO +69.153
 
ARO=SQRT(ONE+ASO) +69.153
 
BO=MUO*EPSILOO/TWO +69.153
 
REALKO=OMEGA*SQRT(BO*(ARO+ONE)) +69.153
 
IMAGKO=OMEGA*SQRT(BO?(ARO-ONE)) +69.153
 
AI=CONDUC1/(EPSILO1*OMEGA)
 
A.SI=AI*AI
 
AR1=SQRT(ONE+AS1)
 
B1=MUI*EPSILOI/TWO
 
REALKI=OMEGA*SQRT(B1*(AR1+ONE))
 
IMAGK1=OMEGA*SQRT(B1*(AR1-ONE))
 
A2=CONDUC2-/(EPSIL02*OMEGA)
 
AS2=A2*A2
 
AR2=SQRT(ONE+AS2)-

B2=MU2*EPSIL02/TWO
 
REALKZ=OMEGA*SQRTCB2*(AR2+ONE))
 
IMAGK2=OMEGA*SQRT(B2*(AR2-fONE))
 
PROPCTO=CMPLX(REALKOIMAGKO) +69.153
 
PROPCTI=CMPLX(REALKI,IMAGK1)
 
PROPCT2=CMPLX(REALK2,IMAGK2)
 
PROPOS=PROPCTO*PROPCTO +69.153
 
PROPIES=PROPCT1*PROPCTI
 
PROP2S=PROPCT2*PROPCT2
 
PROPIC=PROP1S*PROPCTI
 
GMLOGO=GAMMA+CLOG(PROPCTO/TWO) +69.153
 
GMLOG=GAMMA+CLOG(PROPCT1/TWO)
 
GMLOG2=GAMMA+CLOG(PROPCT2/TWO)
 
ABSKO=CABS(PROPCTO) +69.167
 
ABSKI=CASS(PROPCT1)
 
ABSK2=CABS(PROPCT2)
 
WAVELO=TWOPI/REALKO +69.153
 
WAVELI=TWOPI/REALKI
 
WAVEL2=TWOPI/REALK2
 
WAVITO=WAVELOISAMPLE +69'.167
 
WAVITI=WAVEL1/SAMPLE +69.167
 
SKINDO=ONE/IMAGKO +69.167
 
SKINDI=ONE/IMAGK1 +69.167
 
SKIND2=ONE/IMAGK2 +69.167
 
AIMPO=FIP/PROPCTO +69.153
 
AIMP1=HIP/PROPCT1 $69.153
 
AIMP2=GIP/PROPCT2 S69.153
 
TACO=PROPCTO/AIMPO +69.153
 
TACI=PROPCT1/AIMP1
 
TAC2=PROPCT2/AI MP2
 
YIPO=AIMG*PROPCTO/FOUR +69.153
 
YIPI=AIMG*PROPCT1/FOUR
 
YIP2=AIMG*PROPCT2/FUUR
 
ZIPO=UNE/(FOUR*AIMPO) +69.153
 
ZIP1=ONE/.(FOUR*AI MPI)
 
ZIP2=ONE/(FOUR*AIMP2)
 
ZAPO=ZIPO*PROPCTO +69.153
 
ZAPI=ZIPl*PROPCT1
 



ZAP2=ZIP2*PROPCT2
 
CST = PROPCTO/(12.*AIMPO) 

ISTOP=NTOPO+NINHOM 

JSTOP=ISTOP 

ISTOP2=2*ISTOP
 
JSTOP2=ISTOP2
 
ISTPI=ISTOP+l
 
ISTPUP=ISTOP+2
 
NTOPUP=NTOPO+1 

NUPTOP=JSTOP+NTOPO 

NSTPI=ISTOP+NTOPUP 

NTOPHF=(NTOPO+I)/2
 
NHFTOP=NTOPHF-1
 
NHMHFP=NINHOM/2+I
 
IF(NINHOM.EQ.0) NHMHFP=O
 
NSYM=NTOPHF+NHMHFP
 
NSYM2=NSYM+NSYM
 
NSYMUP=NSYM+1
 
NTHFUP=ISTOP+NTOPHF
 
NMID=NTOPHF+I
 
NMIDUP=NSYM+NMID
 
NPTPPI=NUPTOP+1
 
NINHHF=NTOPO+NHMHFP
 
NUPHHF=ISTOP+NINHHF
 
NTUPP=NTOPUP+1
 
NINHFM=NINHHF-1
 
NMIDP=NMID+1
 
NMIDM=NMID-1
 
NSYMM=NSYM-1
 
DO 900 ND=1,NDEPTH 

IF(NINHOM.EQ.0) GO TO 16 

CALL DATHOM(NINHOM,SCXSCZXZRALPHASCALPHHALFW)
 
DO 15 I=1,NINHOM 

J=NINHDM+,-I
 

JUP=NTOPO+J
 
X(JUP)=X(J) 

Z(JUP)=Z(J)-ZI(ND) 

RALPHA(JUP)=RALPHA(J) 

DO 	15 K=1,2 

SCX(JUP,K)=SCX(JK) 

SCZ(JUPK)=SCZ(JK)-Zl(ND) 

SCALPH(JUPK)=SCALPHCJ,K) 


15 	HALFW(JUP)=HALFW(J) 

16 	CONTINUE 


READ 2, ((SCX(I,K),K=1t2),I=1,NTOPHF)
 
READ 2, ((SCZ(I,K),K=1,2),I=1,NTOPHF)
 
DO 	17 I=1,NHFTOP
 
NIAA=NTOPHF+I
 
NIBB=NTOPHF-I
 
SCX(NIAA,1)=-SCXtNIBB,2)
 
SCX(NIAA,2)=-SCX(NIBBl)
 
SCZ(NIAA,1)=SCZ(NIBB,2)
 

17 	SCZ(NIAA,2)=SCZ(NIBB,1)
 
CALL DATTOP(NTOPO,SCX,SCZX,ZRALPHASCALPHHALFW) 

PRINT 10
 
PRINT 20
 

+69.167
 
$69.167
 
$69.153
 

$69.167
 
+69.153
 
+69.153
 

+69.167
 
+69.167
 

+69.153
 

+69.153
 
$69.167
 
+69.153
 
+69.153
 
+69.153
 
$69.167
 
+69.153
 
+69.153
 
+69.167
 

.69.167
 



20 	FORMAT (9X,1HI,9X,1HKJ7X,3HSCX,17X,3HSCZ,14X,6HSCALPH////)
 
PRINT 25 +69.153
 

25 FORMAT(15X9*TOPOGRAPHIC DATA*//) +69.153
 
DO 35 I=1,NTOPO $69.167
 
DO 	35 K=l,2 +69.153
 
DELT=SCALPH(IK)/RADIAN
 
PRINT 30, I,K,SCX(IK),SCZ(ItK),DELT 

30 FORMAT (2(7XI3),3(IOXFIO.4)) 
35 CONTINUE - +69.153 

IF(NINHOM.EQ.0) GO TO 46 +69.167
 
PRINT 40 +69.153
 

40 FORMAT(IHOI,15X*INHOMOGENEITY DATA*//) +69.153
 
DO 45 I=NTOPUP,ISTOP +69.153
 
DO 45 K=1,2 +69.153
 
DELT=SCALPH(IK)/RADIAN +69.153
 
PRINT 30, IK,SCX(IK),SCZ(ItK)vDELT +69.153
 

45 CONTINUE +69.153
 
46 CONTINUE +69.167
 

PRINT 10
 
PRINT 50
 

50 	FORMAT (9X,IIII19x, HX,19X,1HZ,15X,5HALPHAIOX,1OHHALF WIDTH/II/I)

PRINT 25 +69.153
 
DO 60 I=INTOPO
 
ALPH=RALPHA(I)/RADIAN
 
PRINT 55, I,X(I),Z(I),ALPH,HALFW(I) $69.153
 

55 FORMAT (7X,13,4110X,FIO.4)) $69.153
 
60 CONTINUE $69.153
 

IF(NINHOM.EQ.0) GO TO 66 +69.167
 
PRINT 40 +69.153
 
DO 65 I=NTOPUP,ISTOP +69.153
 
ALPH=RALPHA(I)/RADIAN +69.153
 
PRINT 55, IX(Ih)Z(1),ALPH.HALFW(I) +69.153
 

65 CONTINUE +69.153
 
66 	CONTINUE +69.167
 

ZSUM=AIMPO+AIMPI
 
HRCOEF=(AIMPO-AIMPI)*HO/ZSUM
 
ERCOEF=-AIMPO*HRCOEF
 
HTCOEF=-TWO*AIMPO*HOIZSUM
 
ETCOEF=-AIMP1*HTCOEF
 
CUREHF=-HTCOEF
 
CURMHF=-ETCOEF
 
PRINT 10
 
PRINT 70, CUREHFCURMHF
 

70 FORMAT (5X,*EQUIVALENT ELECTRIC CURRENT =*ZtIPE15.1),SX,*EQUIVALEN
 
IT MAGNETIC CURRENT =*2(1PE15.7))

DO 80 I=1,ISTOP2 $69.167
 
DO 80 1'=1,NSYM2
 
DO 80 J=I,ISTOP2 $69.167
 
DO 80 J=INSYM2
 
SIJR(I.J)=ZERO
 

80 SIJI(IJ)=ZERO

DO 81 I=1,ISTOP2 +69.167
 
DO 81 I=INSYM2
 

81 FIELD(I)=CPXZER +69,167
 
DO 85 1=1,2
 
DO 85 J=I,JSTOP2
 



- 85 TEMP(IJ3=CPXZER
PRINT 10 

" DO 200 I=IISTOP $69.167 

DO 200 I=NTOPHFNINHHF
 

11=I-NHFTOP
 
12=ISTOP+I $69.167
 
12=NSYM+I1
 
SINAI=SIN(RALPHA{I))
 
COSAI=COS(RALPHA(I))
 
DC 160 J=1,JSTOP +69. 167
 
IF(I.LE.NTOPO .AND. J.LE.NTOPO) GO TO 91 '+69.167
 
IF(I.GT.NTOPO .AND. J.GT.NTOPO) GO TO 92 +69.167
 
NTEST=2 +69.167
 
GO TO 93 +69.167
 

91 NTEST=l +69.167
 
GO TO 93 +69.167
 

92 NIEST=3 +69.167
 
93 JK=J +69.167
 

JM=JSTOP+J
 
IF(J-GE.2) GO TO 109 $69.153
 
JJJ=l $69.153
 
JJJK=l $69-153
 
JJJM=ISTPi $69.153
 
JJ=2
 
JJK=2
 
JJM=ISTPUP
 

108 	XIJO=X(I)-SCX(J,1) $69.167
 
ZIJO=lAI)-SCZ(Jl)
 
RIJO=SQRT(XIJO*XIJO+ZIJO*ZIJO)
 
DARGO=CMPLX(REALKO*RIJOIMAGKO*RIJO) +69.167
 
CARGO=CMPLX(REALK1*RIJO,IMAGKI*RIJOI
 
BARGO=CMPLX(REALK2*RIJO,IMAGK2*RIJOI
 
AB)ARO=CABS(DARGO) +69.167
 
ABCARO=CABS(CARGO)
 
ABBARO=CABS(BARGO)
 
IF(NTEST-2) 1080,1081,1082
 

ioaO CALL HINTO1IDARGOHODFODIER) +69.167
 
1081 CALL HINTOI(CARGOHO1,FOI,IER)
 

GO TO 125
 
1082 CALL HINTO1(CARGO,HOI,FO1,IER)
 

CALL HINTQ1(BARGOHOAFOAIER)
 
GO TO 125
 

109 	IF(J.NE.NTOPUP) GO TO 110 +69.153
 
JJJ=JSTOP +69.153
 
JJJK=JSTOP +69.153
 
JJJM=JSTOP2 +69.153
 
JJ=NTOPUP+1 +69.153
 
JJK=JJ +69. 153
 
JJM=NSTPI+1 +69.153
 
GO TO 108 +69.153
 

110 	JJJ=J-1
 
JJJK=JJJ
 
JJJM=JM-l
 
IF(J.EQ.NTOPO) GO TO 115 $69.167
 
IF(J.EQ.JSTOP) GO TO 116 +69.153
 



JJ=J+l
 
JJK=JJ
 
JJM=JM+l
 
GO TO 120
 

115 JJ=NTOPO 
 $69.167
 
JJK=NTOPO $69.167
 
JJM=NUPTOP +69.153
 
GO TO 120 +69.153
 

116 	JJ=NTOPUP" +69.153
 
JJK=NTOPUP +69.153
 
JJM=NSTP1 +69.153
 

120 	XIJO=XIJ2
 
ZIJO=ZIJ2
 
RIJO=RIJ2
 
DARGO=DARG2 +69.167
 
CARGO=CARG2
 
.BARGO=BARG2
 
ABDARO=ABDARZ +69.167
 
ABCARO=ABCAR2
 
ABBARO=ABBAR2
 
HOD=H2D +69.167
 
FOD=F2D +69.167
 
HOI=H21
 
FO0=F21 
HOA=H2A
 
FOA=F2A
 

125 	XIJ2=X(I)-SCX(J,2)
 
ZIJ2=Z(I)-SCZ(J,2)
 
RIJ2=SQRT(XIJ2*XIJ2+ZIJ2*ZIJ2)
 
DARG2=CMPLX(REALKO*RIJ2, IMAGKO*RIJ2) +69.167
 
CARG2=CMPLX(REALK1*RIJ2,IMAGKI*RIJ2)
 
BARG2=CMPLX(REALK2*RIJ2,IMAGK2*RIJ2)
 
ABDAR2=CABS(DARG2) +69.167
 
ABCARZ=CABS(CARGZ)
 
ABBAR2=CABS(BARG2)
 
IF(NTEST-2) 1250t1251,1252
 

1250 CALL HINT01(DARG2,H2D,F2D,IER) +69.167
 
1251 CALL HINTO1(CARG2,H21,F21,IER)
 

GO TO 1253
 
1252 CALL HINTOL(CARG2,H21,F21,IERI
 

CALL HINTOI(RARG2,H2AF2AIER)
 
1253 	AJOP1=HALFW(J)+HALFW(JJ)
 

AJOMI=HALFWJ)+HALFW(JJJ)
 
AMDA=AJOP1/AJOM
 
.BETA=AJOPI*AJOM1
 
AMDAPL=AMDA+ONE
 
GNEMAM=ONE-AMDA
 
W2=HALFWCJ)*HALFW(J)
 
IF(I.NE.J) GO TO 130 $69.167
 
IF(NTEST-2) 128t126t129 +69.167
 

126 PRINT 127 +69.167
 
127 FORMAT(IOX,*ERROR IN NTEST DETECTED IN I=J TEST*) +69.167
 

CALL EXIT +69.167
 
128 NTO=3+2*IFIX(HALFW(I)/WAVITO) +69.167
 

NTI=3+2*IFIX(HALFW(I)/WAVIT1) +69.167
 
CALL SMARG(NTOCMPXPI.ABSKOPROPCTOGMLOGOHALFW(J), +69.167
 



=ABDAR2.H2DF2DHKODHKO2,HIKO,HIK2,RE) +69. 167 
CALL SMARGINTltCMPXPIABSKIPROPCTIGMLUGHALFW(J'lABCAR2H21,F21 +69.167 
=HJOO,H'JOZHIJOHIJ2,RE) +69.167 
HKOO=FIPPEE*HKOO+HIPPEE*HJOO +69.167 
HIKO=ZIPO*HIKO+ZIPl*HIJO +69*167 
IF(I.EQ.l .OR. I.EQ.NTOPO) GO TO 1280 .+69.168 
HK02=FIPPEE*HKO2+HIPPEE*HJ02 +69.167 

- HIK2=ZIPO*HIK2+ZJP1*HIJ2 -+69.167 
GO TO 1290 +69.167 

1280 	TERMK=HKOO +69.168
 
TERMPK=CPXZER +69.168
 
TERMMK=CPXZER +69.168
 
TERMM=CPXZER +69.168
 
TERMPM=CPXZER +69.168
 
TERMMM=CPXZER +69.168
 
TIRMK=CPXZER +69.168
 
TIRMPK=CPXZER +69.168
 
tIRMMK=CPXZER +69.168
 
TIRMM=HIKO +69.168
 
TIRMPM=CPXZER +69.168
 
TIRMMM=CPXZER +69.168
 
GO TO 155
 

129 CALL SMARG(NAItCMPXPItABSKIPROPCTIGMLOGHALFW(J),ABCAR2,H21,F21,
 
1HKOOHKO2,HIKOHIK2,RE)
 
CALL SMARG(NA2,CMPXPI,ABSK2,PROPCTZGMLOG2,HALFW(J),ABBARZHZAFZA
 
IHJOOHJO2,HIJOHJ2,RE)
 
HKOO=HIPPEE*HKOO+GIPPEE*HJOO
 
HKO2=HIPPEE*HKO2+GIPPEE*HJ02
 
HIKO=ZlIP*HIKO+ZIP2*HIJO
 
HIK2=ZIPl*HIK2+ZIP2*HIJ2
 

1290 	TERMK=HKOO-HKOZ/BETA $69.167
 
TERMPK=HKO2/(AMDAP1*BETA)
 
TERMMK=-AMDA*TERMPK
 
TERMM=CPXZER
 
TERMPM=CPXZER
 
TERMMM=CPXZER
 
TIRMK=CPXZER
 
TIRMPK=CPXZER
 
TIRMMK=CPXZER
 
TIRMM=HIKO-HIK2/BETA
 
TIRMPM=HIK2/(AMDAPI*BETA)
 
TIRMMM=-AMDAtTIRMPM
 
GO TO 155 $69.167
 

130 	SINAI=SIN(RALPHA(J))
 
COSA1=COS(RALPHA(J))
 
SMALLA=XIJO*SINAI-ZTJO*COSA1
 
SMALLC=HALFW(J)+SMALLA
 
SMALLB=HALFW(J)+SMALLC
 
DELTA -(XIJO*COSA1+ZIJO*SINAI)
 
DD2=DELTA*DELTA
 
CC2=SMALLC4SMALLC
 
SAIMA=SINAI*COSA1-COSAI*SINA1
 
CAIMA=SINAI*SINAI+COSAI*COSAI
 
DCAIMA=DELTA*CAIMA
 
IF(NTEST-21 135,140,145 +69.167
 

135 IF(ABDARO.GT.RE .OR. ABOAR2.GT.RE) GO TO 1350 +69.167
 

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


CALL ACURAT(PROPCTOtPROPOSGMLOGOHOD.H2DFODF2DHKOOtHKOIHK02, +69.167
 
=All,A12,AI3,AI4AI5AI6,AAI7,Al8,A19tAIIO,A[llAI12,AI13) +69.167
 
GO TO 1351 +69.167
 

1350 CONINT=SMALLB-SMALLA 
 +69.167
 
NTO=3+2*IFIX(CONINT/WAVITO) +69.167
 
CALL APPROX(NTO,HODtH2DtFODtF2DPROPCTOHKOOHKOIHKO2,AIIAI2 +69.167
 
=A13tAl4,AIS,Al6AI7tA8tAI9,AIIOtAIIA112AI13) +69.167
 

1351 IF(ABCARO.GT.RE .OR. ABCAR2.GT.RE) GO TO 1352 +69.167
 
CALL ACURAT(PROPCTPROPS,GMLGHOI-H21,FOltFZ1,HJOO.HJO1tHJOZ +69.167
 
=AJ1,AJ2,AJ3,AJ4tAJ5,AJ6,AJ7,AJ8.AJ9,AJ1OAJ1IAJ12,AJ13 +69.167
 
GO TO 1353 +69.167
 

1352 CONINT=SMALLB-SMALLA +69.167
 
NTI=3+2*IFILX(CONINT/WAVITI) +69.,167
 
CALL APPROX(NTlHOlH21,FO1,F21,PROPCTIHJOOHJOlHJ02,AJ1,AJ2, +69.167
 
=AJ3,AJ4,AJ5,AJ6,AJ7,AJ8,AJ9,AJlOAJIIAJ12,AJ13) +69.167
 

1353 HKOO=FIPPEE*HKOO+HIPPEE*HJOO +69.167
 
HKOI=FIPPEE*HKQI+HIPPEE*HJO1 +69.167
 
HKO2=FIPPEE*HKO2+HIPPEE*HJ02 +69.167
 
AII=YIPO*AI1+YIP1*AJI +69.167
 
A12=YIPO*AI2+YIPI*AJ2 +69.167
 
AI3=YIPO*AI3+YIP1*AJ3 +69.167
 
A14=YIPO*AI4+YIP1*AJ4 +69.167
 
A15=ZAPO*AI5+ZAP1*AJ5 +69.167
 
AI6=ZAPO*AI6+ZAPI*AJ6 +69.167
 
A17=ZAPO*AI7+ZAP1*AJ7 +69.167
 
AIS=ZAPO*AI8+ZAPI*AJB +69.167
 
A19=ZIPO*AI9+ZIPI*AJ9 +69.167
 
AIIO=ZIPO*AIIO+ZIPl*AJIO +69.167
 
AI11=ZIPO*AI1+ZlIPl*AJII +69.167
 
A112=ZIPO*AI12+ZIP1*AJ12 +69.167
 
T113=ZIPO*AI13+ZLP1*AJ13 +69.167
 
GO TO 150 +69.167
 

140 IF(I.GT.NTOPO) GO TO 1402 +69.167
 
IF(ABCARO.GT.RE .OR. ABCAR2.GT.RE) GO TO 1400 +69.167
 
CALL ACURAT(PROPCT1IPROP1StGMLOGHOIH21,FO,F21HKOOHKOltHKO2, +69.167
 
IAII.AI2.AI3,AI4,A15,AI6,AI7,AI8,AI9,AI10.AI1I.AI12,AI133 +69.167
 
GO TO 1401 +69.167
 

1400 CALL APPROX(NA1,HOIH21,FOltF21,PROPCTl,.HKOOHKO1.HKO2,AlAI2 +69.168
 
=A13,A,14,AI5,A16,AITAI8,A19,AIIOAIIltALl2All3) +69.168
 

1401 HKOO=-HIPPEE*HKO0 +69.168
 
HKOI=-HIPPEE*HKOI +69.168
 
HK02=-HIPPEE*HKO2 +69.168
 
AII=-YIPI*AI1 +69.168
 
AI2=-YIP1*AI2 +69.168
 
A13=-YIPI*AI3 +69.168
 
AI4=-Y1P1*AI4 +69.168
 
A15=-ZAPI*A15 +69.168
 
AIG=-ZAP1*AI6 +69.168
 
A17=-ZAPI*AI7 +69.168
 
AI8=-ZAPI*AI8 +69.168
 
A19=-ZIPI*AI9 +69.168
 
AI10=-ZIPl*AIIO +69.168
 
A1I1=-ZtPI*AI1 +69.168
 
A112=-IIPI*AI12 +69.168
 
A113=-Z1P1*AI13 +69.168
 
GO TO 150 +69.168
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1402 IF(ABCARO.GT.RE .ORe ABCAR2.GT.RE) GO TO 1403 +69.168
 
CALL ACURAT(PROPCT1,PROP1SGMLOGtHOIH21,FOIFZ1,HKOOHKOtHKOZ +69.168
 
=AIIAI2,A13,A14,AI5,AI6,AI7,AIBAA1,AI IO,AIl1,AI12,AI13) +69.168
 
GO TO 1401 +69.168
 

1403 CONINT=SMALLB-SMALLA +69.168
 
NT1=32*IFIX(CONINT/WAVIT1) +69.168
 
CALL APPROX(NT1,HOIH21,FOItF21,PROPCTIHKOO.HKOIHKO2,AI1,A12, +69.168
 
=A13,AI4,A15,AI6,AIJ.AI8,Al9,AIlOtAI11,A12,AI13) +69.168
 
GO TO 1401 +69;168
 

145 IF(ABCARO.GT.RE.OR.ABCAR2.GT.RE) GO TO 1450 $69.168
 
CALL ACURAT(PROPCTI,PROPIS,GMLOGHO1,H21,FOlF21,HKOOHKOIHKO2,'
 
IAIIA!2,A13vAI4,A15,AI6,AIT,A18,A19,AIIOtAI1IAI12,AI13)
 
GO TO 1451 $69.168
 

1450 CALL APPROX(NAIHO1tH21,FOIF21.PROPCT1,HKOOHKOtHKO2,AI ,AI2.AI3 $69.168
 
IAI4,A15,A16,A17,AI8,AI9,AI1QAl1tAI12A113)
 

1451 IF(ABBARO.GT.RE.OR.ABBAR2.GT.RE) GO TO 1452 S69.168
 
CALL ACURATCPROPCT2,PROP2S,GMLOG2,HOA,H2A,FOA,F2A,HJOO,HJOI,HJ02,
 
1AJIAJ2,AJ3,AJ4,AJ5,AJ6,AJTAJ8,AJ9tAJIOtAJ1,AJI2,AJ13)
 
GO TO 1453 $69.168
 

1452 CALL APPROXCNA2,HOAH2AFOAF2APROPCT2HJOOHJOIHJOZAJ1,AJ2.AJ3 $69.168
 
1,AJ4,AJ5,AJ6,AJ7,AJ8,AJ9,AJ1OAJI11AJ12,AJ13)
 

1453 	HKOO=HIPPEE*HKOO+GIPPEE*HJOO $69.168
 
HKO1=HIPPEE*HKO1+GIPPEE*HJOI
 
HKO2=HIPPEE*HKO2+GIPPEE*HJ02
 
A-I1=YIPl*AII+YIP2*AJ1
 
A12=YIPI*AI2+YIP2*AJ2
 
A13=YIPI*AI3+YIP2*AJ3
 
A14=YIPI*AI4+YIP2*AJ4
 
A15=ZAPI*AI5+ZAP2*AJ5
 
AI6=ZAP1*A16+ZAP2*AJ6
 
A17=ZAPI*AI7+ZAP2*AJT
 
AlB=ZAPI*AIB+ZAP2*AJ8
 
AI9=ZIPI*AI9+ZIP2*AJ9 
AI1O=ZIlP*AI1O+ZIP2*AJIO
 
AI11=ZIP1*AII1+ZIP2*AJ11
 
AI12=ZIPI*AI12+ZIP2*AJI2
 
A113=ZIPI*AI13+ZIP2*AJI3 

150 CALL ANSWER CHKOO,HKOI,HK02,AI1,AI2,AI3, AI4,AI5,AI6,AI7,AIB,A19, $69.168
 
IAIIOAI1I,AI12,AI13,TERMKTERMPK,TERMMK,TERMM,TERMPMtTERMMM,TIRMK,
 
=TIRMPKTIRMMK.TIRMMTIRMPMTIRMMMtAJOM1J.NTOPO) $69.168
 

155 	TEMP(1,JK)=TEMP(1,JK)+TERMK
 
TEMP(I, JM)=TEMP(I,JM)+TERMM
 
TEMP(2 ,JK)=TEMP(2,JK)+TIRMK
 
TEMP(2,JM)=TEMP(2,JM)+TIRMM
 
TEMP(I ,JJK)=TEMP(IJJK)+TERMPK
 
TEMP(1 ,JJM)=TEMP(1,JJM)+TERMPM
 
TEMP(2,JJK)=TEMPC2.JJK)+TIRMPK
 
TEMP(2 ,JJM)=TEMP(2,JJM)+TIRMPM
 
TEMPI ,JJJK)=TEMP(1JJJK)-TERMMK
 
TEMP (,JJJM)=TEMP(1 JJJM)-TrERMMM
 
TEMP(2,JJJK)=TEMP(2,JJJK)-TIRPMK
 

160 	TEMP(2,JJJM)=TEMP.(2.JJJM)-tIRPMM
 
00 165 J=1,JSTOP2 +69.168
 
SIJRA{II,J)=REAL(TEMP(IJ)| +69.168
 

* 	 SIJI(I1,J)=AIMAG(TEMP(I,J)) +69.168 
STJR(12,J)=REALTEMP(-2,J-)] +69.168 
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165 	SIJI(12,J)=AIMAG(TEMP(2,J)j)-

SIJR(1I,1.]=REAL(TEMP(INTOPHF))
 
SIJI(I1,i)=AIMAG(TEMP(1,NTOPHF))
 
SIJR-(II,NSYMUP)=REAL(TEMP(INTHFUP))
 
SIJI(I1,NSYMUP)=AIMAG(TEMP1,NTHFUP))
 
IF(NINHOM.EQ.O) GO TO 162 

SIJR(11,NMID)=REAL(TEMP(1,NTOPUP))
 
SIJI(I1,NMID)=AIMAG(TEMP(I,NTOPUP))
 
SIJR(I1 ,NMIDUP)=REAL(TEMP(1,NPTPPI))
 
S.IJI(11,NMIDUP)=AIMAG(TEMPL1,NPTPPl))
 
SIJR(I.,NSYM)=REAL(TEMP('ININHHF))
 
SIJI(11,NSYM)=AIMAG(TEMP(1,NINHHF))
 
SIJR(IINSYM2)=REAL(TEMP(1,NUPHHF))
 
SIJI(11,NSYM2Z)=AIMAG(TEMP(1,NUPHHF))
 

162 	SIJR(12,1)=REAL(TEMP(-2,NTOPHF)) 

SIJI(I2,1)=AIMAG(TEMP(2,NTOPHF))
 
SIJR(12,NSYMUP)=REAL(TEMP(2,NTHFUP)|
 
SIJI(12,NSYMUP)=AIMAG(TEMP(2,NTHFUP))
 
IF(NINHOM.EQ.O) GO TO 163 

SIJR(I2,NMID)=REAL(TEMP(2tNTOPUP))
 
SIJI(12 ,NMID)=AIMAG(TEMP(2,NTOPUP)
 
SIJR(12 ,NMIDUP)=REAL(TEMP(2,NPTPP1))
 
SIJI(12-,NMIDUP)=AIMAG(TEMP(2,NPTPPI))
 
SIJR(12,NSYM)=REAL(TEMP(2,NINHHF))
 
SIJI(12 ,NSYM)=AIMAG(TEMP(2,NINHHF))
 
SIJR(12 ,NSYM2)=REAL(TEMP(2,NUPHHF))
 
SIJI(12,NSYM2)=AIMAG(TEMP(2,NUPHHF))
 

163 	DO 164 J=I,NHFTOP 

JUP=ISTOP J
 
NJ=NTOPUP-J
 
NJUP=ISTOP+NJ
 
K=NMID-J
 
KP=NSYM+K
 
AID=TEMP(1,J)+TEMP(I,NJ)
 
SIJR(II,K)=REAL(AID)
 
SIJI(II,K)=AIMAG(AID)
 
AID=TEMP2,J)+TEMP(2,NJ)
 
SIJR 12,K)=REAL(AID)
 
SIJI(,12,K)=AIMAG(AID)
 
AID=TEMP(1,JUP.)+TEMP(1,NJUP)
 
SIJR(11,KP)=REAL(AID)
 
SIJIL-II,KP)=AIMAG(AID)
 
AID=TEMP(2,JUP)+TEMP(2,NJUP)
 

SIJR(12,KP)=REAL(AID)
 
164 	SIJI(12,KP)=AIMAG(AID)
 

IF(NINHOM.EQ.O) GO TO 1649 

DO 165 J=NTIJPP,NINHFM
 
JUP=i STOP+J
 
JHOM=J-NTUPP
 
K=NMIDP+JHOM
 
KP=NSYM+K
 
NJ=ISTOP-JHOM
 
NJUP=iSTOP+NJ
 
AID=TEMP(IJ)+TEMP(1,NJ)
 
SIJR(I1,K)=REAL(AID)
 
SIJI(11,K)=AIMAG(AID)
 

+69.168
 

+69.199
 

$69.199
 

+69. 199
 

$69.199
 

+69.199
 



AID=TEMP(2,J)+TEMP(2,NJ)
 
SIJR(129K)'=REAL(AID)
 
SIJI(I2,K)=AIMAGIAID)
 
AID=TEMPItJUP)+TEMP(1,NJUP)
 
SIJR(I1,KP)=REAL(AID)
 
SIJI(11,KP)=AIMAG(AID)
 
AID=TEMP(2,JUP)+TEMP(2,NJUP)
 
SIJR(12,KP)=REAL(AIO)
 

165 SIJI(I2,KPh=AIMAG(AID)
 
1619 	DELTA=ABS(Z(I)) +69.168
 

DO2=Z(I)*Z(I) +69.168
 
APOS=SCX(NTOPO,2)-X(1)
 
AMIN=SCX(.I,1)-X(1)
 
IF(DELTA.LT.1.E-05) GO TO 1650
 
CALL EHHFSP(AMIN,APOS,DELTA,PROPCTI,PROPIS,GMLOG,ABSKIWAVITI,
 
1HOINT,H1INT,H2INT,H5INT,H61NT,H9INT,HlOINTHIIINTRE)
 
FIELD(Il)=CUREHF*HIPPEE*HOINT+CURMHF*Z(I)*YIP1*HINT
 
HPHIX=CUREHF*YIPI*Z(I)*HIINT+CURMHF*ZAPI*(DD2*H5INT-(DD2*H9INT-

IHIIINT)/PROPCT1)
 
HPHIZ=CUREHF*YIP1*H2INT+CURMHF*ZAPI*Z(I)*(H61NT-TWO*HlOINT/PROPCTI
 
1)
 
GO TO 1651
 

1650 CALL EHFTSP(AMINtAPOSPROPCTIPROPISGMLOGABSK1,WAVITrIHOINT,
 
1H21NT,HQINTRE)
 
FIELD(11)=CUREHF*HIPPEE*HOINT-CURMHF/TWO
 
HPHIX=-CUREHF/TWO-CURMHF*ZAP1*HSINT/PROPCTI
 
HPHIZ=CUREHF*YIPI*H21NT
 

1651 	FIELD(12)=-HPHI'X*SINAI+HPHIZ*COSAI
 
PRINT 5, FIELD(I1),FIELD(12)
 
DIFFE=FIELD(II)
 
DIFFH=FIELD(12)
 
IF(I-NTOPOm 1652,1652,1655
 

1652 	IF(DELTA.LT.l.E-05) GO TO 1653
 
CALL EHHFSP(AMIN,APOSDELAPROPCTOPROPOSGMLOGOABSKOtWAVITO,
 
1HOINTHlINT,H2INT,H51NTH6INT,H9INTHlOINT,HI1INTRE)
 
FIELD(!1)=FIELD(1)+CUREHF*FIPPEE*HOINT+CURMHF*Z(I)*YIPO*HIINT
 
HPHIX=CUREHF*YIPO*Z(I)*HlINT+CURMHF*ZAPO*(DD2*H5INT-(DD2*HYINT-

1HIINT)/PROPCTO)
 
HPHIZ=CUREHF*YIPO*H21NT+CURMHF*ZAPO*Z(I)*(H61NT-TWO*HIOINT/PROPCTO
 
1)
 
GO TO 1654
 

1653 CALL EHFTSP(AMIN,APOSPROPCTO,PROPOSGMLOGOtABSKOWAVITOHOINT,
 
IH2INTHQINT,RE)
 
FIELD(II)=FIELDII1)+CUREHFFIPPEEHOINT+CURMHF/TWO
 
HPHIX=CUREHF/TWO-CURMHF*ZAPO*HSINT/PROPCTO
 
HPHIZ=CUREHF*YIPO*H21NT
 

1654 	FIELD(I,2)=FIELD(I2)-HPHIX*SINAI4HPHIZ*COSAI
 
DIFFE=FIELD(II)-DIFFE
 
DIFFH=FIELD(I2)-DIFFH
 
PRINT 6, DIFFE,DIFFH


I
1655 CONTINUE 


DO 170 J=1,JSTOP2
 
TEMP(I,J)=CPXZER
 

170 TEMP(2,J)=CPXZER
 
200 CONTINUE
 
310 FORMAT(IHO2Xt8EI6.8)
 



XT( I)=XO
 
DO 500 LX=1,LLX
 

500 	XT(LX+1)=XT(LX)+XINT
 
* 	 CALL CUPIEQ(SIJRSIJIISTOP) 

CALL CUPIEQCSIJRSIJI-tNSYM)
 
PRINT 10
 

* 	 DO 300 I=1,NTOPO $69. 168 
DO 300 I=NTOPHF,NTOPO 

* 	 IE=I 
IE=I-NHFTOP 

* 	 IH=ISTUP+I 
IH=NSYM+IE 
ELEV=ABS(Z(I)) 
EXPON=EXP(IMAGKO*Z(I))
 
EXPONO=EXP(-IMAGKO*ELEV)
 
EXPONI=EXP(-IMAGKI*ELEV)
 
ARG=-REALKO*Z(I)
 
ARGO=REALKO*ELEV
 
ARSI=REALK1*ELEV
 
ATTEN=HO*EXPON*CMPLXICOSARG),SIN(ARG))
 
ATTENO=EXPONO*CMPLX(COS(ARGO),SIN(ARGO))
 
ATTENI=EXPONI*CMPLX(COS(ARGI)wSINCARG1))
 
SALPH=SIN(RALPHA(T))
 
EINC=AIMPO*ATTEN
 
HINC=-SALPH*ATTEN
 
EREFL=ERCOEF*ATTENO
 
HREFL=-SALPH*HRCOEF*ATTENO
 
ETRANS=ETCOEF*ATTENI
 
HTRANS=SALPH*HTCOEF*ATTENI
 
IF(Z(I).GT.I.E-05) GO TO 297 

IF(Z(I).LT.-l.E-05) GO TO 298
 
PRIMEE=EINC+EREFL-ETRANS
 
PRIMEH=HINC+HREFL-HTRANS
 
GO TO 299
 

297 	PRIMEE=EINC+EREFL
 
PRIMEH=HINC+HREFL
 
GO TO 299
 

298 	PRIMEE=-ETRANS
 
PRIMEH=-HTRANS
 

299 	FIELDR(IE)=REAL{PRIMEE+FIELD(IE)I
 
FIELDICIE)=AIMAG(PRIMEE+FIELD(IE))
 
FIELDR(IH)=REAL(PRIMEH-FIELDIIH))
 
FIELDI(IH)=AIMAG(PRIMEH-FIELDCIH))
 
PRINT 5, FIELDR(IE),FIELDI(IE),FIELDR(IH),FIELDI(IH)
 

300 	CONTINUE
 
IF(NINHOM.EQ.0) GO TO 306
 

* 	 DO 305 I=NTOPUPISTOP 
DO 305 I=NTOPUP,NINHHF 

* 	 IE=I +69.168
 
IE=I-NHFTOP
 

* 	 IH=ISTOP+I +69.168
 
IH=NSYM+IE
 
IF(Z(I).GT.1.E-05) GO TO 303
 
ELEV=ABS(,Z{I))
 
EXPONL=EXP(-IMAGKL*ELEV)
 
ARGI=REALK1*ELEV
 



ATTENI=EXPONI*CMPLX(COS(ARGI),SINCARG1))
 
SALPH=SIN(RALPHACI))
 
ETRANS=ETCOEF*ATTENI
 
HTRANS=SALPH*HTCOEF*ATTEN1
 
PRIMEE=ETRANS
 
PRIMEH=HTRANS
 
GO TO 304
 

303 PRIMEE=CPXZER
 
PRIMEH=CPXZER
 

304 FIELDR(IE)=REAL(PRIMEE-FIELD(IE))
 
FIELDI{IE)=AIMAG(PRIMEE-FIELD(IE)I
 
FIELDR(IH)=REAL{PRIMEH+FIELD{IH))
 
FIELDI(IH)=AIMAG(PRIMEH+FIELD{IH))
 
PRINT 5,FIELDR(IE),FIELDI(IE),FIELDR(IH),FIELDI(IH) 


305 CONTINUE 

306 CONTINUE
 

C NOW PROCEED TO COMPUTE M AND K.
 
CALL MANDK(FIELDR,FIELDI,SIJR,SIJICURDEN)
 

C COMPUTER SCATTERED FIELDS. 

DO 700 LX=1,LLX
 

NZ=LX
 

SHXR(LX)=ZERO
 
SHZR(LX)=ZERO
 
SHXI(LX)=ZERO
 
SHZI(LX)=ZERO
 
DO 600 I=I,NTOPO 

IK=I
 
ItJ=ISTOP+I
 
IF(I.GE.2) GO TO 510
 
IIi l 

IIIK=1 

IIIM=ISTOP+1 

11=2
 
IIK=2
 

IIM='ISTOP+2 J 


XLIO=XTCLX)-SCX(Itl)
 
ZLIO=ZONZ)-SCL(IIl)
 
RLIO=SQRT(XLIO*XLIO+ZLIO*ZLIO)
 
TARGO=CMPLX(REALKO*RLIOIMAGKO*RLIO) 

*ABTARO=CABS(TARGO)
 
CALL HINTOI(TARGO,ROI,TOI,IER)
 
GO TO 525
 

510 	III=I-I
 
IIIK=III
 
IIIM=IM-1
 
IF(I.EQ.ISTOP) GO TO 515
 
11=1+1
 
IIK=II
 
IIM=IM+I
 
GO TO'520
 

515 	II=ISTOP 

IIK=ISTUP 

IIM=ISTOP2 


520 	XLIO=XLIZ
 

+69.168
 
+69.168
 

+69.168
 

$69.168
 

$69.168
 
$69. 168
 
$69.168
 

$69.L68
 

$69.168
 

$69.168
 
$69. 168
 
$69.168
 



ZL IO=ZLI 2
 
RLIO=RLI2
 
TARGO=TARG2
 
ARTARO'ABTAR2
 
ROI=R21
 
T01=T21
 

525 	XLI2 XT(LX)-SCX(1,2)
 
ZL12=ZO(NZI-SCZ(t2)
 
RLI2=SQRT(XL12*XL12+ZL12*ZL12)
 
TARG2=CNPLX(REALKO*RLf2IMAGKO*RLI2) $69.168
 
ABTAR2=CABS(TARG2")
 
CALL HINTOJ(TARG2,R21,T21,IER)
 
TSINAI=SIN(RALPHAl I)
 
TCOSAI=COS(RALPHA(I))
 
AIOPI=HALFW(I)+HALFW(II)
 
AIOM1=HALFW(I)+HALFW(III)
 
AMDB=AIOPI/AIOMI
 
BETB=AIOPI*AIOMI
 
AMDBPI=AMDB+ONE
 
ONEMA=ONE-AMDB
 
SMALLA=XLIO*TSINAI-ZLIOTCOSAI
 
SMALLC=HALFW(1)+SMALLA
 
SMALLB=HALFW(I)+SMALLC
 
DELTA=-(XLIO*TCOSA1+ZLIO*TSINA1)
 
DD2=DELTA*DELTA
 
CCZ=SMALLC*SMALLC
 
IF(ABTARO.GT.RE.OR.ABTAR2.GT.RE) GO TO 530
 
CALL ACURAT(PROPCTOPROPOSGMLOGOtROIR21,TO1,T21,HKOOHKOI,HKO2, $69.168
 
lAI1,AI2,AI3,AI4,AI5,AI6,AIT,AlBAI9,AIIO.Alll,AI12,AI13)
 
GO TO 535
 

530 CONINT=SMALLB-SMALLA +69.168
 
NA=3+2*IFIX(CONINT/WAVITO) +69.168
 
CALL ARPROX(NAROItR21,TO1 T21,PROPCTOHKOOtHKOHKO2,AIIAI2,AI3 $69.168
 
1A,4vA5,A16,AI7,AI8,AIpAI1OAIIAI12,AI13)
 

535 CALL FIELDS(PROPCTO,REALKOIMAGKOCSTTCOSA1,TSINAItCURDENIK,IM, $69.168
 
11IK,IIM,IIIK,IIIMAIIAI2,AI3,AI4,AI5,AI6,AI7,AI8,AI9,AIIO,AI1,
 
2AII2,AI13,AIOM1,NTOPO,HPHIXHPHIZ) $69.168
 
SHXR(LX)=SHXR(LX)+REAL(HPHIX)
 
SHZR(LX)=SHZR(LX)+REAL(HPHI!Z
 
SHXI(LX)=SHXI(LX)+AIMAG(HPHIX)
 

600 SHZI(LX)=SHZI(LX)+AIMAG(HPHIZ)
 
DELTA=ABS(ZONZ)) +69.168
 
DD2=DELTA*DELTA +69.168
 
APOS=SCX(NTOPO,2)-XT(LX) +69.168
 
AMIN=SCX(1l,)-XT(LX)
 
IF(DELTA.LT.I.E-O5) GO TO 605
 
CALL EHHFSP(AMIN,APOSDELTA,PROPCTO,PROPOSGMLOGO.ABSKOWAVITO,
 
1HOINT,HIINTH121NTHSINT,H61NTH91NT,HIOINTHIIINTRE)
 
HPHIX:CUREiF*YIPO*ZO(NZ)*HINT+CURMHFZAPO*(DD2H5NT-(DD2*
 
=H9INTUHIIINT)/PROPCTO)
 
HPHIZ=CUREHF*YIPO*H21NT+CURMHF*ZAPO*ZO(NZ)*(H6NT-TWO*HIOINT/
 
=PROPCTO)
 
GO TO t10
 

605 CALL EHFTSP(AMIN,APOSPROPCTOPROPOSGMLOGOABSKO,WAVITO,HOINT,
 
IH2INT,H9INT,RE)

HPHIX=CdREHIF/rWn-CURMHF*ZAPO*H91NT/PROPCTO
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HPHIZ=CUREHF*YIPO*H2INT
 
610 	EXPCNO=EXP(-IMAGKO*DELTA)
 

ARGO=REALKO*DELTA
 
ATTENO=EXPONO*CMPLX(CDS(ARGO),SIN(-ARGO))
 
HREFL=HRCOEF*ATTENO
 
HINC=HO*ATTENO
 
IF(Z0(NZ).LT.-.E-05) GO TO 615
 
HPIIX=HREFL-HPHIX
 
HPHIZ=-HPHIZ
 
GO TO 620
 

615 HPHIX=-HINC-HPHIX
 
HPHIZ=-HPHIZ
 

620 SHXR(LX)=SHXR(LX)+REAL(HPHIX) +69.168
 
SHXI(LX)=SHXI(LX)+AIMAG(HPHIX) +69.168
 
SHZR(LX)=SHZR(LX) +REALtHPHIZ) +69.168
 
SHZI(LX)=SHZI(LX)+AIMAG(HPHIZI +69.168
 
PHASX=ATAN2(SHXI(LX),SHXR(LX))
 
PHASZ=ATAN2(SHtI(LX),SHZR(LX))
 
PHASEX(LX)=PHASX/RADIAN
 
PHASEZ(LX)=PHASZ/RADIAN'
 
TUE=SHXI(LX)*SHXI(LX)+SHXR(LXI*SHXR(LX)
 
WED=SHZI(LX)*SiZI(LX)+SHZR(LX)*SHZR(LX)
 
HSECX(LX)=SQRT(TUE)
 

700 	HSECZ(LX)=SQRT(WED)
 
PRINT 10
 
PRINT 710
 

710 	FORMAT(20X,*MAGNETIC FIELDS ABOVE TWO DIMENSIONAL INHOMOGENEITIES
 
IN A CONDUCTIVE HALF SPACE*)
 
PRINT 11 +69.168,
 
PRINT 711 +69.168
 

711 FCRMAT(5X,*PARAMETERS OF THE AIR ARE ..... *) +69.168
 
PRINT 720, CONDUCO'DIECSTO,MAGPERO +69.168
 
PRINT 11
 
-PRINT 715
 

715 FORMAT(5X,*PARAMETERS OF THE HALF SPACE ARE ..... *1 $69.168
 
PRINT T20 t CONDUCIDIECSTIMAGPERI
 

720 FORMAT (10X,*CONDUCTIVITY =*1PE12.3,*,*5X,*DIELECTRIC CONSTANT =t*
 
LPEI2.3,*,*5Xt*MAGNETIC PERMEABILITY =*IPE12.3)
 
PRINT 11
 
PRINT 725
 

725 	FORMAT (5X,*PARAMETERS OF THE INHOMDGENEITY ARE ....*)
 
PRINT 720, CONDUC2,DIECST2,MAGPER2
 
PRINT 726, R
 

726 	FORMAT (IOX,*RADIUS =*IPE12.3) 
PRINT 11 
PHIANG=PHI/RADIAN $69.168 
PRINT 730, FREQ,PHIANG $69.168 

730 FORMAT(5X,*PARAMETERS OF THE SURVEY ARE ..... *IOX,*FREQUENCY= $69.168 
=1PEI2.3,*,*5X,*ANGLE OF INCIDENCE= *OPFq.2) +69.168 
PRINT 735, WAVELOSKINDOAIMPO +69.168 

735 FORMAT(7X,*IN AIR , *14X,*WAVELENGTH = * 1PE12.3,*,*5X,*SKIN DEPTH +69.168 
= = *IPEIZ.3,*,l5X,*WAVE IMPEDANCE = *IP2E12.3) +69.168 
PRINT 736, WAVEL1,SKIND1,AIMPI +69.168 

736 FORMAT(7X,*tIN THE GROUND , *iX, +69.168 
*WAVELENGTH = * IPEI2.3,*,*SX,*SKIN DEPTH +69.168 

= = *IPE12.3,*,*5X,*WAVE IMPEDANCE = *1P2EI2.3) 	 +69.168 



PRINT 737, WAVEL2,SKIND2,AIMP2 +69.168
 
737 FORMAT(IX,*IN THE INHOMOGENEITY. +69.168+ 


*WAVELENGTH= * IPEI2.3,*,*5X,*SKIN DEPTH +69.168
 
= = *lPE12.3,*,*5X,*WAVE IMPEDANCE = *1P2E12.3) +69.168 
PRINT 11 
PRINT 738 

738 FORMAT (5X*NUMERICAL PARAMETERS ARE .....
 
. PRINT 739, NAINA2,SAMPLE,RE.TOLERITER
 

739 FORMAT (7X,*NAI =*15,*,*5X,*NA2 =*I5,*,*5X,*SAMPLE =*F8.3,*,*1OX,
 
1*RE =*FB.3,*,*1OX,*TOLER =*F8.3*,*10X,t*ITER =*j5)
 
PRINT 11
 

NZ=1
 

PRINT 740,ZO(NZ),Z1(ND) $69.168 
-740 FORMAT (5X,*ELEVATION OF THE SURVEY IS = *Fl2.3,*,*IOX,*DEPTH FROM +69.168 

THE HALF SPACE TO THE TOP OF THE CYLINDER IS = * F12.3) +69.168 
PRINT 11 
PRINT 745 

745 FORMAT (,.OX,*HXR*IOXt*HXI*6X,*X PHASE*11X.*HX*IOXt*HZR*IOX,*HZI*6X 
1,*Z PHASE*L1X,*HZ*4X,*ELEVATION*6X,*STATION*) 
PRINT 11 

PRINT 750, (SHXR(LX)gSHXI(LX),PHASEX(LX),HSECX(LX),SHZR(LX)ISHZI(L
 
IX),PHASEZ(LX),HSECZ(LX),ZO(LX), XT(LX),LX=1,LLX)
 

750 FORMAT (9(1XIPE12.4),3XOPF.3)
 
PRINT il
 
PRINT 11
 
ARG=REALKO*ZO(NZ)
 
HREFL=HRCOEF*(EXP(-IMAGKO*ZOANZ)))*CMPLXCCOS(ARG),SIN(ARGiI
 
PRINT 751., HREFL
 

751 FORMAT (1OX,*EXACT REFLECTED MAGNETIC FIELD INTENSITY =*2E12.4)
 
900 CONTINUE +69.168
 

2000 CONTINUE
 
STOP $69.168
 
END
 



SUBROUTINE DATTOP(NANGLEtSCXtSCZXZtRALPHAtSCALPHHALFW)

C... SUBROUTINE DATTOP TAKES THE CO-ORDINATES OF THE EDGES-OF THE (NANGLE)
 
C INTERVALS (SCXSCZ) INTO WHICH THE TOPOGRAPHIC CONTOUR HAS BEEN
 
C DIVIDED AND RETURNS THE CO-ORDINATES OF THE MIDPOINT OF EACH INTERVAL
 
C (XtZ)t THE INWARD NORMAL AT THE MIDPOINT (RALPHA), THE AVERAGE
 
C INWARD NORMAL AT THE CORNERS OF EACH INTERVAL (SCALPH)t AND THE
 
C HALF-WIDTH (HALFW) OF EACH INTERVAL.
 

DIMENSION SCX(1002),SCZ(100.2)tX(I OOIZOO),RALPHA(100,SCALPH(
 
11002)qHALFW(1O0)
 
TWO=2.000000000000000
 
HALFPI=1.57079632679489
 
DO 100 I=1,NANGLE
 
DX=SCX(I,2)-SCX(I,1)
 
DZ=SCZ(I,2)-SCL(I,1)
 
DL=SQRT(DX*DX+DZ*DZ)
 
HALFW(I)=DL/TWO
 
BET=ATAN2(DZDX)
 
XtI)=SCX(Itl)+HALFW(I)*COS(BET)
 
Z(I)=SCZ(1,1)+HALFW(I)4SIN(BET)
 

100 	RALPHA(.I)=BET-HALFPI
 
SCALPH(1 1)=RALPHA(1)
 
SCALPH(NANGLE,2)=RALPHA(NANGLE)'
 

NM1=NANGLE-1
 
DC,105 I=1.NMI
 
IPI=I+1
 
DX=X(IP1)-X(I)
 
DZ=Z(I+I)-Z(I)
 
SCALPH(I,2)=ATAN21DZDX)-HALFPI
 

105 	SCALPH(IPItl)=SCALPHCI,2)
 
RETURN
 
END
 



SUBROUTINE DATHOM(NANGLESCXSCZ,X,Z,RALPHA,SCALPHHALFW)

C... SUBROUTINE DATHOM TAKES THE CO-ORDINATES OF THE EDGES OF THE (NANGLE)
 
C INTERVALS CSCXSCZ) INTO WHICH THE CYLINDER CONTOUR HAS BEEN DIVIDED AND
 
C RETURNS THE CO-ORDINATES OF THE MIDPOINT OF EACH INTERVAL (XZ), THE
 
C INWARD NORMAL AT THE MIDPOINT (RALPHA), THE AVERAGE INWARD NORMAL AT
 
C THE CORNERS OF EACH INTERVAL (SCALPI), AND THE HALF-WIDTH IHALFW) OF
 
C EACH- INTERVAL.
 

DIMENSION SCX(1002).SCZ(100,2),X(100).Z(l0O),RALPHA(100,SCALPH(
 
1100,2),HALFW(100)
 
TWO=2.00000000000000
 
HALFPI=1.57019632679489
 
DO 100 I=I,NANGLE
 
DX=SCX(I,2)-SCX(I,1)
 
DZ=SCZ(I,2)-SCZ(I )
 
DL=SQRT(DX*DX+DZ*DZ)
 
HALFW(I}=DL/TWO
 
BET=ATAN2(DZDX)
 
X(II=SCX(I,1)+HALFW(I)*COS(BET)
 
Z(I)=SCZ(I,1)+HALFW(1)*SIN(BET)
 

100 RALPHA(I)=BET-HALFPI
 
00 [05 ]=1,NANGLE
 

- IPI=I+l
 
IF(NANGLE-I) 101,10,102
 

101 	IPI=1
 
102 	DX=X(IPl)-X(I)


DZ=Z(IPl)-2(I)
 
SCALPH(I,2)=ATAN2(DZ,DX)-HALFPI
 

105 	SCALPH(UPI,1)=SCALPH(I,2)
 
RETURN
 
END
 



SUBROUTINE SMARG(NACMPXPIABSKlPROPCTliGMLOGtHALFWgABCAR2,H21,
 
C... SUBROUTINE SMARG COMPUTES THE LIMITING VALUE OF THE -INTEGRALS IN
 
C THE SINGULAR INTERVAL.
 

1F21,HKOOHKO2,HIKOHIK2,RE)
 
DIMENSION 52(500)
 
COMPLEX CMPXPIPROPCTIGMLOGH21,F21,HKOOHKO2,HIKOHIK2tCPXZER,
 
1SUMHOO,SUMHO2SUMAIARGHO.HltCARG2,PROD2vSPECFACTAFACTB,FACTC
 
COMMON /TERMS/ S(500),DIST(500)tDIST2(500),HO(500),Hl(500)
 
IF(NA.LT.495) GO TO 6
 
PRINT 5
 

5 FORMAT (,1OX*DIMENSION EXCEEDED. SUBROUTINE SMARG.*)
 
CALL, EXIT
 

6 CPXZER=(O.,O.)
 
SUMHOO=CPXZER
 
SUMHO2=CPXZER
 
SUMAI=CPXZER
 
.IF(ABCARZ.LT.RE) GO TO 30
 
S(1)=RE/ABSKI
 
S2(1.)=S(l)*S(1)
 
ARG=PROPCT1*S{'1)
 
CALL HINTOl(ARG,HO(l),HI(l)hIER)
 
DIFF=HALFW-S ()
 
NMl=NA-l
 
H=DIFF/FLOAT(NMI)
 
HTHIRD=H/3.
 
DO 10 L=2,NMl
 
S(L)=S(L-l)+H
 
S2(L)=S_(L)*S(L)
 
ARG=PROPCT1*S(L)
 

10 	CALL HINTOl(ARGHO(L)vHIl(L)hIER)
 
St(NA)=HALFW
 
S2(NA)=S(NA)*S(NA)
 
HO(NA)=H21.
 
HI(NA)=F21
 
DO 20 L=1,NM1.,2
 
L1=L+1
 
"L2 L+2
 
SUMHOO=SUMHOO+HO(L)+4.*HO(L1)+HO(L2)
 
SUMHO2=SUMHO2+S2(L)*HOL)+4.*S2(Ll)*HOILl)+S2(L2)*HO.(L2)
 

20 	SUMAI=SUMAI+HI(L)/S(L)+4.*HICLI)/S(L1)+HI(L2)/S(L2)
 
-SLMHOO=HTHIRD*SUMHOO
 

SUMHO2=HTHIRD*SUMHO2
 
SUMAI=HTHIRD*SUMA
 
SMALLA=S(I)
 
W3=SMALLA*S2(l)
 
GO TO 40
 

-30 	SMALLA=HALFW
 
W3=SMALLA**3
 

40 	CARG2=PROPCTI*SMALLA
 
PROD2=CARG2*CARG2
 
SPEC=GMLOG+ALOG(SMALLA)
 
FACTA=I.-PROD2/12.
 
FACTB=I.-.15*PROD2
 
FACTC=I.-PROO2/24.
 
HKOO=2.*(SUMHOO+SMALLA*(FACTA+CMPXPI*(FACTA*SPEC-(1.-PROD2/9.) ))
 
HK2=2.*(SUMHO2+W3*(FACTB+CMPXPI*(FACTB*SPEC-(I.-.54*PROD2)/3.))/3
 

http:IF(ABCARZ.LT


1.)
 
HIKO=-2.*(SUMAI+CMPXPI/CARG2)-CARGZ*(FACTC+CMPXPI*(FACTC*SPEC-(1.5
 
1-19.*PROD2/288. 1))
 
HIK2=(2.*HALFW*H21-HKOO) /PROPCT1
 
RETURN
 
END
 



SUBROUTLNE HINTOI(ZHO,H1,IER)

C... SUBROUTINE HINT01 CALCULATES HANKEL FUNCTIONS OF THE FIRSTKIND OF
 
C ORDER 0 AND I (HO-AND HI, RESPECTIVELY) FROM THE DEFINITION OF THE
 
C MODIFIED-BESSEL FUNCTION (K) OF THE SECOND KIND. (THE SUBROUTINE TO
 
C 	 COMPUTE K IS A MODIFIED VERSION OF BESK, GIVEN IN THE I.B.M. SCIENTIFIC
 
C SLBROUTINE PACKAGE (V. 2) ). 
C... INPUTS ARE Z - THE. COMPLEX ARGUMENT 
C HO AND HI - COMPLEX ANSWER 
C IER - ERROR CODE - 0 - NORMAL RETURN 
C I - ABSOLUTE VALUE OF THE ARGUMENT
 
C EXCEEDS 170.
 

COMPLEX Z,X.HOHIZILCH,A.B,C,D,BK,AXC
 
P12=.63661977236758134
 
HO=-CMPLX(O.,PI2)
 
Hl=-CMPLX(P1210.)
 
ZILCH=(O. tl.)
 
X=-ZILCH*Z
 
CX=CABS(X)
 
IF(CX.LE.170.) GO TO 99
 
IER=1
 
PRINT 10
 

10 FORMAT (IOX*ABSOLUTE VALUE OF THE ARGUMENT OF THE HANKEL FUNCTION
 
I ISGREATER THAN 170.*)
 
CALL EXIT
 
RETURN
 

99 IF(CX.bT.4;5) GO TO 100
 
* 	 COMPUTE K(O) USING SERIES EXPANSION 

B=X*.5 
A=.5772156649+CLOG(B)
 
C=B*B
 
BK=-A
 
D-1'(1. ,0.)
 
F=l.
 
H=O.
 
DO 4 J=I,O
 
R=I./FLOAT(J)
 
D=D*C
 
F=F*R*R
 
H=H+R
 

4 BK=BK+D*F*(H-A)
 
HO=HO*BK
 

* 	 COMPUTE K(1) USING SERIES EXPANSION 
D=B 
F=1. 
H=1'.
 
BK=1./X+D*(.5+A-H)
 
DO 5 J=2;12
 
FJ=FLOAT(J)
 
D=D*C
 
R=1./FJ
 
F=F*R*R
 
H=H+R.
 

5 BK=BK+D*F*(.5+(A-H)*FU)
 
HI=HI*BK
 
IER=O
 
RETURN
 



* COMPUTE K(O) USING POLYNOMIAL APPROXIMATION 
100 	B=./X
 

AXC=CEXP(.-X)*CSQRT(B)
 
HO=AXC*I(CI((C(C C0091893830*8-.0668097672)*B+.2184518096)*B
 
=-.4262632912)*B+.5575368367)*B-.5247277331)*B+.3792409730)*B
 
=-.2299850328)*B+.1344596228)*B-.0913909546)*B+0881112782)*B
 
=-1566641816)*B+1.2533141373)*HO
 

* 	 COMPUTE K(1) USING POLYNOMIAL-APPROXIMATION 
HI=AXC*(((((C(((((-.0108241775*B+.0788000118)*B-.2581303165)*B 
=+.5050238576)*B-.6632295430)*B+.6283380681')*B-.4594342117)*B
 
=+.2847618149)*B-.1736431637)*B+.1280426636)*B-.1468582957)*B
 
=+.4699927013)*B+l.2533141373)*H1
 
IER=O
 
RETURN
 
END
 



C 

SUBROUTINE ACURAT(PROPCTIPROPlS,GMLOGHOltH21,FOPF21,HKOOHKOI,
 
IHKO2,AIIAI2,AI3,AI4,AI5,AI6,AIT,AIB.AI9,AIIOAIII.A112AI13)
 

C... SUBROUTINE ACURAT COMPUTES THE INTEGRALS-OF THE INTEGRAL REPRESENTIATIONS
 
USING THE SMALL ARGUMENT SOLUTIONS GIVEN IN APPENDIX D.
 
COMPLEX AIMGPICMPXPI,PROPCTIPROPlStGMLOGHO1,H21tFO1,F21,PDItP2A
 
12,P2BZ,P2D2,ALOG2,ALOG3,TERMITERMZTERM3,TERM4,TERM5,HKOO,HKOI,
 
2HKO2,AIItAI2AI3,AI4,A5,Al6,AIT,AI8,AI9,AIIOAI1IAII2,AI13
 
EXTERNAL FUNC
 
COMMON IZAPI AJOPi,AMDA,BETA,AMDAPIONEMAMSMALLA,SMALLBDELTA,
 
ISMALLC,CC2tSAIMA,CAIMADCAIMA
 
COMMON /ZIP/ 0D2
 
COMMON /VARIAB ITERTOLERACC
 
REAL LARGEALARGEB
 
THREE=3.0000000000000000
 
TWO=2'O000000000000 000
 
ONE=I.0000000000000000
 
ZEIO=O.O000000000000000
 
PIINV=o31830988618379067
 
AIMGPI=CMPLX(ZEROPIINV)
 
CMPXPI=TWU*AIMGPI -


AA2=SMALLA*SMALLA
 
AA3=AA2*SMALLA
 
AA4=AA2*AA2
 
AA5=AA3*AA2
 
BB2=SMALLB*SMALLB
 
BB3=BB2*SMALLB
 
BB4=BB2*BB2
 
BB5=BB3*582
 
PD1=PROPCTI*DELTA
 
P2A2=PROP1S*AA2'
 
P2B2=PROPIS*BB2
 
P2D2=PROPIS*DD2
 
BMA=SMALLB-SMALLA
 
B2MA2=BB2-AA2
 
B3MA3=B3-AA3"
 
B4MA4=BB4-AA4
 
BSMA5=BB5-AA5
 
D2PA2=DD2+AA2
 
D2PB2=DD2+BB2
 
ALOGA=ALOG(02PA2)
 
ALOGB=ALOG(D2PB2)
 
ALOGI=ALOGB-ALOGA
 
ALOG2=GMLOG+.5*ALOGA
 
ALOG3=GMLOG .5*ALOGB
 
TAN=ATAN(SMALLB/DELTA)-ATAN(SMALLA/DELTA)
 
TERM1=ONE-.25*P202
 
rERM2=ONE-.125*P2D2
 
TERM3=ONE-.3125*P2D2
 
TERM4=ONE-CMPXPI
 
TERM5=.25*PROPS1*(SMALLB*ALOG3-SMALLA*ALOG2-(BMA-DELTA*TAN)I)
 
HKOO=TERM1*BMA-PROPIS*B3MA3/12.+.5*AIMGPI*(P2D2*BMAPRDPLS*B3MA3/
 
ITHREE)+CMPXPI*(SMALLB*(TERML-P2B2/12.)*ALOG3-SMALLA*CTERMI-P2A'2/12
 
2.)*ALOG2+PROPIS*B3MA3/36.-(ONE-P2D2/6.)*(BMA-DELTA*TAN))
 
HKOI=.5*TERMI*B2MA2-.Ot25*PROPIS*B4MA4+.25*AIMGPI*(P2D2*B2MA2+.5*
 
IPROPIS*B4MA4)+AIMGPI*CBB2*(TERM1-.125*P2B2)*ALOG3-AA2*(TERMI-.125*
 
2P242)*ALOG2+.03125*PROP1S*B4MA4-.5*(ONE-.125*P2D2)*(B2MA2-D2*ALG
 
31))
 



HK02=TERMI*B3MA3/THREE-.05*PROPIS*B5MA5+65*AIMGPI*(P2D2*B3MA3/THRE
 
1E+.2*PROP1S*B5MA5)+CMPXPI*(BB3*(TERM1-.15*P2B2)*ALOG3-AA3*(TERMI
 
2-.15*P2A2)*ALOG2+.03*PROPS*85MA-(ONE-.1*P202)*(B3MA3/THREE-DD2
 
3*(BMA-DELTA*TAN)))/THREE
 
All=(PROPCT1/TWO)*(TERMZ*BMA-PROPlS*B3MA3/24.-CMPXPI*(TWO*TAN/(PRO
 
1PCT1*PD1)+.5*TERM3*BMA-PROP1S*B3MA3/19.2)+CMPXPI*(SMALLB*(TERM2-

2P2B2/24.)*ALOG3-SMALLA*(TERM2-P2A2/24.)*ALOG2+PROPIS*B3MA3/72.-

3(ONE-P2D2/12.)*(BMA-DELTA*TAN)))
 
A12=(HO1-H21)/PROPCT1
 
A13=(SMALLA*HO'I-SMALLB*H21+HKOO)/PROPCT1
 
A14=(AAZ*HO1-BB2*H21+TWO*HKO1)/PROPCTI
 
IF (DELTA.NE.O.) GO TO 600
 
AIAB=O.
 
GO TO 529
 

600 	DELT=ABS'(DELTA)
 
XL=DELT/ACC
 
XU=DELT*ACC
 
ITEST=1
 
IF(SMALLA.LT.O. *AND. SMALLB.GT.O.) GO TO 630
 
IF(SMALLA.LE.O. ,AND. SMALLB.LE.O.) GO TO 620
 
LARGEA=SMALLA
 
LARGEB=SMALLB
 

601 	IF(LARGEA.LT.XU) GO TO 602
 
AIAB=-TWO*((ALOG(LARGEB)+ONE)/LARGEB-(ALOG(LARGEA)+ONE)/LARGEA)
 
GO TO 611
 

602 	IF(LARGEB.GT.XL) GO TO 603
 
AIAB=TWO*ALOG(DELT)*(LARGEB-LARGEA)/DD2
 
GO TO 611
 

603 	IF(LARGEA.GE.XL) GO TO 604
 
SUMI=TWO*kLOG(DELT)*(XL-LARGEA)/D02
 
XLL=XL
 
GO TO b05
 

604 SUM1=O. 
- XLL=LARGEA 

605 IF(LARGEB.LE.XU) GO TO 606 
SUM3=-TWO*((ALOG(LARGEB)+l.)/LARGEB-(ALOG(XU)+I.)/XU) 
XUU=XU 
GO TO 607 

606 SUM3=O. 
XUU=LARGEB 

607 AIER=RMBRG.(FUNCtXLLXUU,TOLERSUM2) 
IF(AIER) 608,610,610 

608 PRINT 609, AIERXLLXUUDELTA 
609 FORMAT (10X,*DID NOT OBTAIN CONVERGENCE FOR AIAB (EHHFSP) *4E15.7) 
610 AIAB=SUM1+SUMZ+SUM3
 
611 IF(ITEST-2) 529,631,635
 
620 LARGEA=ABS(SMALLB)
 

LARGEB=ABS(SMALLA)
 
GO TO 601
 

630 	ABA=ABS(SMALLA)
 
IF(ABA.GT.SMALLB) GO TO 634
 
ITEST=2
 
INDEX=1
 
L.ARGEA=O.
 

LARGEB=ABA
 
GO TO 601
 

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


631 IF(ABA.EQ.SMALLB) GO TO 633
 
IF(INDEX.EQi2) GO TO 632
 
INDE-X=2
 
LARGEA=ABA
 
LARGEB=SMALLB
 
TEMP=AIAB
 
GO TO 601
 

632 AIAB=2.*TEMP+AIAB
 
GO TO 529
 

633 AIAB=2.*A'IAB
 
GO TO 529
 

634 	ITEST=3
 
INDEX=1
 
LARGEA=O.
 
LARGEB=SMALLB
 
GO TO 601
 

635 IF(INDEX.EQ.2) GO TO 636
 
INDEX=2
 

.LARGEA=SMALLB
 
LARGEB=ABA
 
TEMP=AIAB
 
GO TO 601
 

636 AIAB=2.*TEMP+AIAB
 
529 A15=TAN/DELTA-.25*PROP1S*BMA*TERM4+CMPXPI,*(GMLOG*TAN/DELTA+.5*AIAB
 

1-TERM5')
 
A16=.5*ALOGI-.125*PROPIS*8B2MA2*TERM4+AIMGPI*(GMLOG*ALOGI+.25*(ALOG
 
1B*ALOGB-ALOGA*ALOGA)-25*PROPS*(BB2*ALOG3-AA2*ALOG2-5*(B2MA2-OD2
 
2*ALOGI)))
 
AI7=HKOO-DD2*AI5
 
AIB=HKOI-DD2*AI6
 
AX9=.5*PROPCTI*(TAN/DELTA-.125*PROPIS*BMA-CMPXPI*(SMALLB/D2PB2-


ISMALLA/D2PA2)/P2D2+(ONE/P202+.5-GMLOG)*TAN/DELTA-PROPlS*BMA/6.4)+
 
2AIMGPI*(AIAB-TERM5))
 
AIIO=.5*(FO1/SQRT(D2PA2)-F21/SQRT(D2PB2I4PROPCTI*AI6)
 
AI11=AI1-DD2*AI9
 
A112=AI2-DD2*AIIO
 
A113'=AI3-DD2*AI11
 
RETURN
 
END
 



SUBROUTINE APPROX(NAeHOI,H21,FOIF21,PROPCTI, HKOOHKOI,HKO2,AIlt
 
1A12,A13,AI4,Al5,AI6,AI7,A18,AI9,AIIOAIII,AI12AI13)
 

C... SUBROUTINE APPROX COMPUTES THE INTEGRALS OF THE INTEGRAL REPRESENTATIONS
 
C USING SIMPSON'S RULE. THE INTERVAL IS DIVIDED INTO NA-I SUBDIVISIONS, 
C AND NO ACCURACY CHECK IS MADE. 

DIMENSION S2(500) 
COMMON /TERMS/ S(500),DISTI500),DIST2(500),HO(500),HI(500)
 
COMPLEX HOlH21,FOI,FZ1PROPCTXHKOOHKO1,HKO2,AI1,AIZAI3,AI4,AIS
 
IAI6 ,AU,AI,AI1,AIlOtAI11, AI12,AI13,CPXZERARGtHOHlSCRACHSUMHO
 
20,SUMHOLSUMHO2,SUMAII,SUMAI5,SUMAI6,SUMAI9.TITZT3.T4,T5,T6
 
COMMON /ZAP/ AJOP.1AMDABETAAMDAP1,ONEMAMtSMALLASMALLBDELTA,
 
1SMALLCCC2,SAIMACAIMA.DCAIMA
 
COMMON /ZIP/ DD2
 
IF(NALT.499) GO TO 10
 
PRINT.5, NA
 

5 'FORMAT (1OX,*INTERVAL TOO LARGE FOR DIMENSION STATEMENT. SUBROUTIN
 
IE APPROX. NA=*16)
 
CALL EXIT
 

10 	CPXZER=(O.,O.)
 
NP1NA-1
 
H=(SMALLB-SMALLA)I/FLOAT(NM1)
 
HTHIRD=HI/3. ,
 
AA2=SMALLA*SMALLA
 
BBZ=SMALLB*SMALLB
 
S(1)=SMALLA
 
DO 	1O L=2,NA
 
S(L)=S(L-1)+H

SZ(L)=S(L)*S(L)
 

DIST2-IL)=DD2+S2(L)
 
100 	DIST(L)=SQRTCDIST2CL)l
 

DO 200 L=2,NMI
 
ARG=PROPCTI*DISTCL)
 

200 	CALL HINTOICARGHO(L),Hl(L),IER)
 
HO(1)=MOL
 
HO(NA)=H21 ,
 
HiL(l)=FO
 
HILNA)=F21
 
52(1)=AAZ
 
DIST2C1)=DD2+AA2
 
DIST(I)=SQRTCDIST2(1))
 
SUMHOO=CPXZER
 
SLMHOI=CPXZER
 
SUMHO2=CPXZER
 
SUMAII=CPXZER
 
SUMAI5=CPXZER
 
SLMAI6=CPXZER
 
SUMAI9=CPXZER
 
DO 300 L=INM1,2
 
L1=L+1
 
L2=L+2
 
SUMHOO&SUMHOO+HOCL)+4.*HO (L1)+HO(L2)
 
Tl=SCL)*HO(L)
 
T2=4.*S(Ll)*HO(LI)
 
T3=S(L2)*HOCL2)
 
SUMHO1=SUMHOI+TI+T2+T3
 
SUMHO2=SUMHO2+S2(CL)*HOIL)+4.*S2(Ll)*HO(LI)+S2(L2)*HO(L2)
 



T4=HI(L)/DIST(L)
 
T5=4.*HI(L)/DIST(L1)
 
T6=HI'(L2)/DiST(L2)
 
SUMAL1=SUMAII+T4+T5+T6
 
SUMAI5=SUMAI5+HO(L)/DIST2(tL)+4.*HO(L1 /DIST2(L1)+HO(L2)/DIST2(L2)
 
SUMAI6=SUMAI6+TI/DIST2(L)+T2/DIST2 L1)+T3/DIST2(L2)
 

300 	SUMAI9=SUMAI9+T4/DIST2(L)+T5/DIST2(L1)4T6/DIST2(L2)
 
HKOO=HTHIRD*SUMHO0O
 
HKOI=HITHIRD*SUMHOi
 
HKOZ=HTHIRD*SUMHO2
 
AI1I=HTHIRDSUMAI1
 
A12=(HOI-H21)/PROPCT1
 
-A13=(SMALLA*HI-1-SMALLB*H21+HKOO)IPROPCTI
 
A14=(AA2*HOI-BB2*H21+2.*HKOI)/PROPCT1
 
A!5=HTHIRD*SUMAI5
 
Al6=HTHIRD*SUMAI6
 
AI7=HKOO-DD2*AI5
 
AIB=HKOI-DD2*AI6
 
A19=HTHIRD*SUMAI9
 
AI1O=.5*(FO1/DISTCI)-F21/DIST(NA)+PROPCTI*AI6)
 
AII1=AII-DD2*AI9
 
AI-12=AI2-DD2*AIIO
 
AI13=AI3-DD2*AI11
 
RETURN
 
END
 



C... 

C 

C 


SUBROUTINE ANSWER (HKOOHKOIHKO2,AIIAI2,lA3.A4tASAI6,AI7,AIB,

1A19,AIIO,AlllAI12,AI13,ClllCllPl-tCllMlCl2l,Cl2PltCl2MlC211,C21
 

2PlC2IMIC221,C22P1,C22M1,,AJOM1,J,JSTOP)
 
SLBROUTINE ANSWER TAKES THE VALUES FOR THE INTEGRALS OF THE INTEGRAL
 
REPRESENTATIONS AND RETURNS COEFFICIENTS OF THE COUPLED INTEGRAL EQUATION
 
MATRIX.
 
COMPLEX HKOO,HKO1 HKO2,AIIAI2,A13,AI4,AI5,AI6,AIT,AI8,AI9,AI10,
 
1AIIIA112,AI13',TODE1,TODE2?CODEI,CODE2tAPART1,APART2,APART3,CODE3
 
2CODE4,BPART1,BPART2,BPART3,CODE5,CODE6,CPARTICPART2,CPART3,CODE7,
 
3CODE8,DPARTI.DPART2,DPART39CODE9,CODEIOEPARTIEPART2,EPART3,CODEI
 
41,CODE12,FPARTIFPART2.FPART3.CODE13,CODE14.GPARTIGPART2,GPART3,C
 
5111,CIIP1,CIIMI,Ci21,C12PI,Cl2MI,C211,C21PIC21M1,C221,C22P1,CZ2M1
 
6,CPXZER
 
COMMON /ZAP/ AJOPIAMDABETAAMDAP1,ONEMAMSMALLASMALLBDELTA
 
ISMALLCCC2,SAIMACAIMAOCAIMA
 
COMMON /ZIP/ DD2
 
TWO=2.0000000000000000
 
CPXZER=(O.,O.)
 
IF(J.EQ.JSTOP) GO TO 20
 
TODE1=(HKOI-SMALLC*HKOO)/AJOPI
 
CODE1=(AI3-SMALLC*AIZ)/AJOPI
 
CODE3=(AI2-SMALLC*AII)/AJOPI
 
CODE5=(AI7-SMALLC*AI6)/AJOPI
 
CODE7=(AI6-SMALLC*AI5)/AJDPI
 
CODE9=(AIIO-SMALLC*AI9)/AJOPI
 
CODEI1=(AI12-SMALLC*AII1)/AJOPI
 
CODE13=(AL.II-SMALLC*AIIO)/AJOPI
 
IF(J.EQ.1) GO TO 10
 
TODE2=(HKO2-TWO*SMALLC*HKOI+CC2*HKOO)iBETA
 
CODE2=(AI4-TWO*SMALLC*AI3+CC2*A12)/BETA
 
APARTI=(AI2-ONEMAM*CODEI-CODE2)
 
APART2=(CODEI+CUDE2)/AMDAP1
 
APART3=AMDA*(AMDA*CODE1-CODE2)/AMDAPI
 
CODE4=(AI3-TWO*SMALLC*AI2+CC2*A[1)/BETA
 
BPARTI=(Al1-ONEMAM*CODE3-CODE4)
 
BPART2=(CODE3+CODE4)/AMDAP1
 
BPART3=AMDA*(AMDA*CODE3-CODE4)/AMDAP1
 
CODFE6=(AIB-TWO*SMALLC*AI7+CC2*AI6)/BETA
 
CPARTI=(AI6-ONEMAM*CODE5-CODE6)
 
CPART2=(CODE5+CODE6)/AMDAP1
 
CPART3zAMDA*(AMDA*CODE5-CODEb)/AMDAP1.
 
CODE8=(AI7- TWO*SMALLC*AI6+CC2*AI5)/BETA
 
DPART1=(AI5-ONEMAM*CODET-CODE8)
 
DPART2=(CODE+CODE8)/AMDAPI
 
DPART3=AMDA*(AMDA*CODE7-CODEB)/AMDAP1
 
CODEIO=(AIII-TWO*SMALLC*AIIO+CCZ*AI9)/BETA
 
EPARTI=(A19-ONEMAM*CODE9-CODEIO)
 
EPART2=(CODEY+CODEIO)/AMDAP1
 
EPART3=AMOA*(AMDA*CODEg-CODEIO)/AMDAPI
 
CODEI2=(AI13-TWO*SMALLC*AI12+CC2*AI11)/BETA
 
FPARTI=(AI11-ONEMAM*CODE11-CODE12)
 
FPART2=(CODE11+CODE-I2)/AMDAPI
 
FPART3=AMDA*(AMDA*CODE1I-CODE12)/AMDAPI
 
CODE14=(AI12-TWO*SMALLC*AIII CCZ*AIIO)/BETA
 
GPARTI=(AIIO-ONEMAM*CODE13-CODEI4)
 
GPART2=(CODEL3+CODE14)/AMDAPI
 



GPART3=AMDA*(AMDA*CODE13-CODE141/AMDAP1
 
Clll=HKOO-ONEMAM*TODEI-TODE2
 
CIIP1=(TODEI+TODE2)/AM()AP1
 
CllMl=AMDA*(AMDA*TCDEl-TODE2)/AMDAPI
 
C121=DELTA*BPART1
 
C12Pl=DELTA*BPART2
 
C12MI=DELTA*BPART3
 
C211=-(APART1*SAIKA+BPART1*DCAIMA)
 
C21PI=-(APART2*SAIMA+BPART2*DCAIMA)
 
CZIMI=-(APART3*SAIMA+BPART3*DCAIMA)
 
C221=DELTA*(TWO*GPARTl-C PART l)*S AI MA+( (EPARTL-DPART1 )*DD2-FPARTI) 
1*CAIMA
 
C22Pl=DELTA*(TWO*GPART2-CPART2)*SAIMA+((EPART2-DPART2)*DD2-FPART2)
 
1*CAIMA
 
C22MI=DELTA*(TWO*GPART3-CPART3)*SAIMA+((EPART3-DPART3)*DD2-FPART3)
 
1*CAIMA
 
RETURN
 

10 	Clll=HKOO-TODEI
 
CIIPI=TODE1
 
CIIMI=CPXZER
 
C121=DELTA*(AIl-CODE3)
 
C12Pl=DELTA*CODE3
 
C12MI=CPXZER
 
C211=-((AI2-CODE1)*SAIMA+(All-CODE3)*DCAIMAI
 
C21PI=-(CODEI*SAIMA+CODE3*DCAIMA)
 
C2lMl=CPXZER
 
C221=DELTA*(TWC*(Allb-CODE13)-AI6+CODE5,)*SAIMA+((AI9-CODE9-AI5+
 
ICODE7)*DD2-AI11+CODEII)*CAIMA
 
C22Pl=DELTA*(TWO*CODE13-CODE5)*SAIMA+((CODE9-CODE7)*DD2-CODE11)*
 
1CAIMA
 
C22Ml=CPXZER
 
RETURN
 

20 	TODEI=(HKOl-SMALLC*HKOO)/AJOM1
 
CODE1=(AI3-SMALLC*AI2)/AJOM1
 
CODE3=(AI2-SMALLC*All)/AJOM1
 
CODE5=(AI7-SMALLC*AI6)/AJOM1
 
CODE7=(AI6-SMALLC*AI5)/AJOM1
 
CODE9=(AIIO-SMALLC*AI9)/AJOM1
 
CODEII=(AI12-SMALLC*Alll)/AJOMI
 
CODE13=(Alll-SMALLC*AI10)/AJOM1
 
Clll=HKOO+TODEI
 
CllPl--CPXZER
 
C11MI=TODE1
 
C121=DELTA*(AII+CODE3)
 
C12PI=CPXZER
 
C12MI=DELTA*CODE3
 
C211=-((AI2+CODE1)*SAIMA+(All+CODE3)*DCAIMA)
 
C21PI=CPXZER
 
C21MI=-(CODE1*SAIMA+CODE3*DCAIMA)
 
C221=DELTA*(TWO*(AI10+CCDE13)-AI6-CODE5)*SAIMA+((AI9+CODEg-AI5-

1CI)DE7)*DD2-AIll-CODEII)*CAIMA
 
C22PI=CPXZER
 
C22Ml=DELTA*(TWO*CODE13-COCE5)*SAIMA+((COCE9-CODE7)*DD2-CODE11)*
 
1CAIMA
 
RETURN
 
END
 



SUBROUTINE EHHFSP(A9 BDELTAtPROPCTIPROP1SGMLOGABSKIWAVINTP
 
IHOINTH1INTtH21NTH5[NT,H6INTH9INTHIOINTtHIINTRE)
 

C... SUBROUTINE EHHFSP COMPUTES THE INTEGRALS OF THE INTEGRAL.REPRESENTATIONS
 
C ALONG A FLAT HALF-SPACE OVER THE INTERVAL (AB), ASSUMING THE POINT OF
 
C OBSERVATION IS NOT ON THE CONTOUR.
 

COMPLEX PROPCT1,PROPIStGMLOGHOINTH1INTH2INTH5INTH6INTH9INT,
 
IHIOINTHi1INTCPXZERAIMGAIMGPICMPXPI.ARGHOHlTIT2,T3,HKOO,
 
2AI1,AI5,AI6,AI9tPDltP2A2,P2B2,P2D2ALOG2,ALOG3tTERM1,TERM2,TERM3
 
3TERM4,TERM5,ARGAARGBtHXAOHXAIHXBOHXB1
 
COMMON /TERMS/ S(500),DIST(5OO),DIST2(500),HO(500),Hl(500),
 
COMMON /VARIAB/ ITERTOLERACC
 
EXTERNAL FUNC
 
REAL LARGEALARGEB
 
THREE=3.O000000000000000
 
TWO=2.0000000000000OOO
 
ONE=1,O000000000000000
 
ZEO=O.O000000000000000
 
PIINV=.31830988618379067
 
CPXZER=CMPLX(ZEROZERO)
 
AIMG=CMPLX(ZEROONE)
 
AIMGPI=CMPLX(ZEROPIINV)
 
CMPXPI=TWO*AIMGPI
 
DD2=DELTA*DELTA
 
ASQ=A*A
 
ABDIST=SQRT(ASQ+DD2)
 
ABARG=ABDI-ST*ABSKI
 
BSQ=B*B
 
BADIST=SQRT(BSQ+DD2)
 
BBARG=BADIST*ABSK1
 
IF(ABARG.LT.RE) GO TO 1O00
 
S(1)=A
 
SMALLA=-RE/ABSKI
 
CONINT=SMALLA-A
 
NA=3+2*IFI,XCCONINT/WAVINT).
 
IF(NA.LT.490) GO TO 5
 
PRINT 6
 

6 FORMAT (1OX*DIHENSION STATEMENT EXCEEDED (EHHFSPh.*)
 
CALL EXIT
 

5 NM1=NA-1
 
H=CONINT/FLOAT(NM1)
 
HTHIRD=H/3.
 
DO 10 L=I,NA
 
0IST2(L)=S(L)*S(L)+DD2
 
DIST(L)=SQRT(DIST2(L))
 
ARS=PROPCTI*DIST(.L)
 
CALL HINTOI(ARG,HO(L),Hl.{L)IER)
 

10 S(L+.)=S(L)+H
 
HCINT=CPXZER
 
H1INT=CPXZER
 
H51NT=CPXZER
 
H61NT=CPXZER
 
H91NT=CPXZER
 
DO 20 L=1,NMlt2
 
L1=L+1
 
L2=L+2
 
HOINT=HOINT+HOL) 4.*HO(LI')+HO(LZ)
 

http:IF(ABARG.LT.RE


HIINT=HlINT+Hl(L)/DIST(L)+4**HI(Ll)/DIST(Ll)+HI(L2)/DIST(L2)
 
Tl=HO(L)/DIST2(L)
 
T2=4.*HD(Ll)/DIST2(Ll)
 
T3=HO(L2)/DIST2(L2)
 
H51NT=H51NT+Tl+T2+T3
 
H61NT=H61NT+S(L)*TI+S(Ll)*T2+S(LZ)*T3
 

20 H91NT=H91NT+HI(L)/(DIST2(L)*DIST(L))+4.*HI(Ll)/(DIST2(Ll)*DIST(LI)
 
1)+HI(L2)1(DISTZ(L2)*DIST(L2))
 
HKOO=HTHIRD*HOINT
 
All=HTHIRD*HIINT
 
A15=HTHIRD*H51NT
 
A16=HTHIRD*H61NT
 
A19=HTHIRD*H91NT
 
GO TO 101
 

100 	SMALLA=A
 
HKOO=CPXZER
 
All=CPXZER
 
A15=CPXZER
 
A16=CPXZER
 
A19=CPXZER
 

101 IF(BBARG.LT*RE) GO TO 200
 
SMALLB=RE/ABSK1
 
S(I)=SMALLB
 
CONINT=B-SMALLB
 
NA=3+2*IFIX(CONINT/WAVINT)
 
IF(NA.LT.490) GO TO 105
 
PRINT 6
 
CALL EXIT
 

105 NMI=NA-1
 
H=CONINT/FLOAT(NM1)
 
HT,-IIRD=H/3.
 
DO 110 L=INA
 
DIST2(L)=S(L)*S(L)+DD2
 
DIST(L)=SQRT(DIST2(L))
 
ARG=PROPCT1*DiST(L)
 
CALL HINT0l(ARGH0(L),Hl(L),IER)
 

110 	S(Ltl)=S(L)+H
 
HCINT=CPXZER
 
HlINT=CPXZER
 
H51NT=CPXZER
 
H61NT=CPXZER
 
H91NT=CPXZER
 
DO 120 L=1,NM1,2 
LI=L+l
 
L2=L+2
 
HOINT--HOINT+HO(L)+4.*HO(Ll)+HO(L2)
 
HlINT=HlINT+HI(L)/[)IST(L)+4.*HI(Ll)/DIST(Ll)+HI(L'2)/DIST(L2)
 
TI=HO(L)/DIST2(L)
 
T2=4.*HO(Ll)/DIST2(Ll)
 
T3=HO(L2)/DIST2(L2)
 
H51NT=H51NT+TI+T2+T3
 
H61NT=H61NT+S(L)*Tl+S(Ll)*T2+S(L2)*T3
 

120 H91NT=H91NT+HI(L)I(DIST2(L)*DIST(L))+4.*Hl(Ll)/(DIST2(Ll)*DIST(Ll)
 
1)+Hl(L2)/(DIST2(L2)*DIST(L2))
 
HOINT=HKOO+HTHIRD*HOINT
 
HIINT=AII+HTHIRD*HlINT
 



H5INT=AI5+HTHIRD*H5INT
 
H6INT=AI6+HTHIRD*H6INT
 
H9INT=A19+HTHIRD*H9INT
 
GO TO 201
 

200 	SMALLB=B
 
HOINT=HKOO
 
HIINt=AII
 
H5INT=AI5
 
H6INT=AI6
 
HINT=A19
 

201 	AA2=SMALLA*SMALLA
 
AA3=AA2*SMALLA
 
B82=SMALLB*SMALLB
 
BB3=BB2*SMALLB
 
PD=PROPCT1*DELTA
 
P2A2=PROPIS*AA2
 
P252=PROPIS*BB2
 
P2D2=PROPIS*DD2
 
BMA=SMALLB-SMALLA
 
B2MA2=BB2-AA2
 
B3MA3=BB3-4A3
 
D2PA2=DD2-AA2
 
D2PB2=DD2+BB2
 
ALOGA=ALOG(D2PA2)
 
ALOGB=ALOG(D2PB2)
 
ALOG1=ALOGB-ALOGA
 
ALOG2=GMLOG+.5*ALOGA
 
ALOG3=GMLOG+.5*ALOGB
 
TAN=ATAN(SMALLB/DELTA)-ATAN(SMALLA/DELTA)
 
TERMI=ONE-P2D2/4.
 
TERM2=ONE-.125*P2D2
 
TERM3=ONE-.3125*P2D2
 
TERM4=ONE-CMPXPI
 
TERM5=.25*PROPlS*SMALLB*ALOG3-SMALLA*ALOG2-(BMA-DELTA*TAN))
 
HKOO=TERMI*BMA-PROPS*B3MA3/I2..-5*AIMGPI*(P2D2*BMA PROPIS*B3MA3/
 
1THREE)+CMPXPI*(SMALLB*(TERMI-P2B2/12.)*ALOG3-SMALLA*(TERMI-P2A2/12
 
2.)*ALOG2+PROPlS*B3MA3/36.-(ONE-P2D2/6.)*(BMA-DELTA*TAN))
 
AII=(PROPCTI/TWO)*(TERM2*BMA-PROPIS*B3MA3/24.-CMPXPI*(TWO*TAN/PRO
 
IPCT1*PDI)+.5*TERM3*BMA-PROPIS*83MA3/19.2),CMPXPI*(SMALLB*(TERM2-

2P2B2/24.)*ALOG3-SMALLA*(TERM2-P2A2/24.)*ALOG2+PROPIS*B3MA3/72.-

3(CONE-P2D2/12.)*(BMADELTA*TANH))
 
IF (DELTA.NE.O.) GO TO 600
 
AIAB=O.
 
GO TO 529
 

600 DELT=ABS(DELTA)
 
XL=DELT/ACC
 
XU=DELT*ACC
 
ITEST=1
 
IF(SMALLA.LT.O. .AND. SMALLB.GT.O.) GO TO 630
 
IF(SMALLA.LE.O. .AND. SMALLB.LE.O.) GO TO 620
 
LARGEA=SMALLA
 
LARGEB=SMALLB
 

601 IF(LARGEA.LT.XU) GO TO 602
 
AIAB=-TWO*-lALOG(LARGEB)+ONE)/LARGEB-(ALOG(LARGEA)+ONE)/LARGEA)
 
GO TO 611
 

602 IF(LARGEB.GT.XL) GO TO 603
 

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


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

603 IF(LARGEA.GE.XL) GO TO 604 
SUMI=TWO*ALOG(DELT)*(XL-LARGEA)/DD2 

- XLL=XL 
GO'TO 605 

604 SUM1=0. 
XLL=LARGEA 

605 IFCLARGEB.LE.XU) GO TO 606 
SUM3=-TWO*(CALOG(LARGEB+.)/LARGEB-(ALOGXU)+l.)/XU) 
XUU=XU
 

GO TO 607
 
606 SUM3=0.
 

XUU=LARGEB
 
607 AIER=RMBRG(FUNC,XLL,XUUTOLER,SUM2)
 

IF(AIER) 6089610,610
 
608 	PRINT 609, AIERXLLtXUUDELTA
 
609 	FORMAT (IOX,*DID NOT OBTAIN CONVERGENCE FOR AIAB (EHHFSP) *4E15.7)
 
610 	AIAB=SUMI+SUM2+SUM3
 
611 IF(ITEST-21 529,631635
 
620 LARGEA=ABS(SMALLB)
 

LARGEB=ABS(SMALLA)
 
GO TO 601
 

630 	ABA=ABS(SMALLA)
 
IF(ABA.GT.SMALLB) GO TO 634
 
ITEST=2
 
INDEX=1
 
LARGEA=O.
 
LARGEB=ABA
 
GO 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 -

GO TO 601
632 AIAB=2.*TEMP+AIAB
 
, GO TO 529
 
633 AIAB=2.*AIAB
 

GO TO 529
 
634 ITEST=3
 

.INDEX=l
 
LARGEA=O.
 
LARGEB'=SMALLB
 
GO TO 601
 

635 	IF(INDEX.EQ.2) GO TO 636
 
INDEX=2
 
LARGEA=SMALLB
 
LARGEB=ABA
 
TEMP=AIAB
 
GO TO 601
 

636 	AIAB=2.*TEMP+AIAB
 
529 	A15=TAN/DELTA-.25*PROPlS*BMA*TERM4+CMPXPI*(GMLOG*TAN DELTA+.5*AIAB
 

1-TERMS)
 
AI6=.5*ALOGI-.125*PROPlS*B2MA2*TERM4+AIMGPI*(GMLOG*ALOGL+.25*(ALOG
 

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


15*ALOGB-ALOGA*ALOGAI--25*PROPlS*(BB2*ALOG3-AA2*ALOG2-.5*(B2MA2-OD2
 
2*ALOG1)))
 
A19=.5*PROPCT1*(TAN/DELTA-.125*PROPlS*BMA-CMPXPI*((SMALLB/02PB2-

1SMALLA/D2PA2)/P2D2+(ONE/P2D2+.5-GMLOG)*TAN/DELTA-PROPlS*BMA/6.4)+
 
2AIMGPI*(AIAB-TERM5))
 
HOINT=HOINT+HKOO
 
HlINT=HlINT+All
 
ARGA=PROPCT1*ABDIST
 
ARGB=PROPCT1*BADIST
 
CALL HINT01(ARGApHXA0vHXA191ER)
 
CALL HINTOI(ARGBHXB09HX8191ER)
 
HZINT=(HXAO-HXBO)/PROPCT1
 
H51NT=H51NT+AI5
 
H61NT=H61NT+AI6
 
H91NT=H91NT+AI9
 
H16INT=(HXAl/ABDIST-HXB1/BADIST+PROPCTI*H61NT)/TWO
 
H11INT=HlINT-DD2*H91NT
 
RETURN
 
END
 



SUBROUTINE EHFTSP(ABPROPCTlPROP1SGMLOGABSKIWAVINTHOINTt
 
IH2INTtHIINTRE)
 

C.. SUBROUTINE EHFTSP COMPUTES THE INTEGRALS OF THE INTEGRAL REPRESENTATIONS
 
C ALONG A FLAT HALF-SPACE OVER THE INTERVAL (AtB), ASSUMING THE POINT OF
 
C OBSERVATION IS ON THE CONTOUR.
 

COMPLEX PROPCT1 PROPlSGMLOGtHOINTH2INTHIINTtCPXZERAIMGtAIMGPIt
 
1CMPXPIARGHKOOAIIP2A2,P2B2,ALOG2,ALOG3,HOtHI
 
COMMON /TERMS/ S(500)DIST(500),DIST2(500)tHO(500)3H11500)
 
THREE=3.0000000000000000
 
TWO=2.0000000000000000
 
ONE=1.0000000000000000
 
ZERO=0.000000000000000
 
PIINV=.31830988618379067
 
CPXZER=CMPLX.(ZERO,ZERO)
 
AIMG=CMPLX(ZEROtONE)
 
AIMGPI=CMPLX(ZEROPIINV)
 
CMPXPI=TWO*AIMGPI
 
ABARG=A*ABSK1
 
BBARG=B*ABSK1
 
IF(ABS(ABARG)-.LT.RE) GO TO 100
 
SMALLA=-RE/ABSKL
 
S(1)=ABS(SMALLA)
 
CUNINT=ABS(A)-S(1')
 
NA=3+2*IFIX(CONINTIWAVINT)
 
IF(NA.LT.490) GO TO 5
 
PRINT 6
 

6 FORMAT (1OX*DIMENSION STATEMENT EXCEEDED (-EHFTSP).*)
 
CALL EXIT
 

5 NMI=NA-1
 
H=CONINT/FLOAT(KMI)
 
HTHIRD=H/3.
 
DO 10 L=1,NA
 
ARG=PROPCT1*S(L)
 
CALL HINTO1(ARGHO(L),Hl(L),IER)
 

10 	S(L+1)=S(L)+H
 
HOINT=CPXZER
 
HlINT=CPXZER
 
DO 20 L=ltNM1,2
 
Ll=L+1
 
L2=L+2
 
HOINT=HOINT+HO(L)+4.*HO(LI)+HO(L2) 

20 H1INT=HIINT+HI(L)/S(L)+4.*H1(L1)/S(LI)+Hl(L2)/S(L2)
 
HKOO=HTHIRD*HOINT
 
AI1=HTHIRD*HIINT
 

.GO TO 101
 
100 	SMALLA=A
 

HKOO=CPXZER
 
AII=CPXZER
 

101 	IF(BBARG.LT.RE) GO TO 200
 
SMALLB=RE/ABSK1
 
S(1)=SMALLB


- CONINT=B-SMALLB 

NA=3+2*IFIXCCONINT/WAVINT)
 
IF(NA.LT.490) GO TO 105
 
PRI'NT 6
 
CALL EXIT
 

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


105 	NM1=NA-1
 
H=CONINT/FLOAT(NMI)
 
HTHIRD=H/3.
 
DO 110 L=1,NA
 
ARG=PROPCTI*S(L)
 
CALL HINTOI(ARGtHO(L)Iu(L),IER)
 

110 	S(L+)=S(L)+H
 
HOINT=CPXZER
 
H1INT=CPXZER
 
DO 120 L=I,1NM,2
 
LI=L+1
 
L2=L+2
 
HOINT=HOINT+HO(L)+4.*HO(L1)+HO(L2)
 

120 	H1INT=H1INT+HI(L)/S(L)+4.*HI(L1)/S(LIl+HIIL2)/S(L2)
 
HOINT=HKOO+HTHIRD*HOINT
 
HIINT=A11+HTHIRD*HIINT
 
GO TO 201
 

200 	SHALLB=B
 
HOINT=HKOO
 
H1INT=AII
 

201 	AA2=SMALLA*SNALLA
 
AA3=AA2*SMALLA
 
BB2=SMALLB*SMALLB
 
BB3=882*SMALLB
 
P2A2=PROP1S*AA2
 
P2B2=PROPIS*BB2
 
BMA=SMALLB-SMALLA
 
B3MA3=BB3-AA3
 
ALOG2=GMLOG+ALOG(ABS(SMALLA))
 
ALOG3=GMLOG+ALOG(SMALLB)
 
HKOO=BMA-PROP1S*B3MA3/12.+.5*AIMGPI*PROPIS*B3MA3/THREE+CMPXPI*
 
ISMALLB*(ONE-P2B2/12..)*ALG3-SMALLA*(ONE-P2AZ/12.)*ALOG2+PRUPIS*
 
2B3MA3/36.-BMA),
 
AI1=(PROPCT1/TWO)*(BMA-PROPlS*B3MA3I24.-CMPXPI*(BMA/TWO-PROPIS*
 
1B3MA3/19.2)+CMPXPI*(SNALLB*(ONE-P2B2/24.)*ALOG3-SMALLA*(ONE-P2A2/
 
224.)*ALOG2+PROPIS*B3MA3/72.-BMA))
 
HOINT=HOINT+HKOO
 
ARG=PROPCTL*ABS(A)
 
CALL HINTO1(ARGHO(1),HI(1),IER)
 
ARG=PROPCT1*B
 
CALL HINTOI(ARG,HO(2),HI(2),IER)
 
.H2INTt(HO(1)-HO(2))/PROPCTI
 
H1INT=-H1INT-CMPXPI*CONE/SMALLB-ONE/SMALLA)/PROPCT1-AI1
 
RETURN
 
END
 



SUBROUTINE CUPIEQ(SIJRtSIJIISTOP)
 
C... SUBROUTINE CUPIEQ INVERTS THE MATRICES SIJR, SIJI OF THE COUPLED INTEGRAL
 
C EQUATIONS AND RETURNS THEM IN SIJR, SIJI.
 

DIMENSION SIJR(9O9O),SIJI(9OtgO),TEMPR(45,45),TEMPI(45,S5)D(45.
 
145)
 
ZERO=O.0000000000000000
 

C 	 PLACE Cll IN TEMPR AND TEMPI AND OBTAIN ITS INVERSE.
 
DO 205 I=1,ISTOP
 
DO 205 J=IISTOP
 
TEMPR(IJ)=SIJR(I,J)
 

205 TEMPI(IJ)=SIJI(IJ)
 
CALL CINVER (TEMPRTEMPIISTOPD)
 

C 	 OBTAIN (C21*CIlINV) AND STORE IN CII.
 
DO 210 l=1,ISTOP
 
IUP=ISTOP+I
 
DO 210 J=i,ISTOP
 
SIJR(IJ)=ZERO
 
SIJI(I,J)=ZERO
 
DO 210 K=1,ISTOP
 
SIJR(IJl=SIJR(IJ)+SIJR(IUPK)*D(KvJ)-SIJI(IUPK)*TEMPI(KJ)
 

210 SIJt(IJ)=SIJI(IJ)+SIJR(IUPK)*TEMPI(KJ)+SIJIIUPK)*D(KJ)
 
C STORE (CIIINV) IN C21, OBTAIN tC21*CIlINVI*C12 AND PLACE IN TEMPR
 
C 	 AND TEMPI.
 

DO 215 I=IISTOP
 
IUP=ISTOP+I
 
DO 215 J=IISTOP
 
JUP=ISTOP+J
 
SIJR(IUP,J)=D(IJ)
 
SIJI(IUPJ)=TEMPI(I,J)
 
TEMPR(I.J)=ZERO
 
TEMPI(IIJ)=ZERO
 
00 215 K=1,ISTOP
 
TEMPR(I,J)=TEMPR(IJ)+SIJR(IK)*SIJR(K,JUP)-SIJI IK)*SIJI(K,JUP)
 

215 	TEMPI(I,J)=TEMPIII,J)+SIJR(I.K)*SIJI(K,JUP)+SIJI(I,K)*SIJR(KJUP)
 
C 	 OBTAIN THE INVERSE OF ((C21*C1IINV)*C12-C22) AND STORE IN C22.
 

DO 220 1=1,ISTOP
 
IUP=ISTOP+I
 
DO 220 J=I,ISTOP
 
JUP=ISTOP+J
 
TEMPR(IJ)=TEMPR(IJ)-SIJR(IUPJUP)
 

220 	TEMPI(IJ)=TEMPICIJI-SIJICIUPJUP)
 
CALL CINVER(TEMPRTEMPIISTOPD)
 
DO 225 1=1,ISTOP
 
IUP=ISTOP+I
 
DO 225 J=IISTOP
 
JUP=ISTOP+J
 
SIJRCIUPJUP)=DCIJ)
 

225 	SIJI(IUPJUP)=TEMPI(I,J)
 
RETURN
 
END
 



SUBROUTINE MANDK (FIELDRFIELDISIJRSIJItCURDENI

C... SUBROUTINE MANDK COMPUTES THE EQUIVALENT CURRENT DENSITIES M AND K
 
C FROM THE INCIDENT FIELDS AND MATRIX INVERSES OF THE COUPLED INTEGRAL
 
C EQUATIONS.
 
C... NOTE THAT THIS SUBROUTINE ASSUMES THAT THE TOPOGRAPHIC AND CYLINDER
 
C CONTOURS ARE MIRROR SYMMETRIC ABOUT THE Z-AXIS, IF A NON-SYMMETRIC
 
C SCATTERER IS TO.BE CONSIDERED, THE.CARD(S) WHICH HAVE AN * IN COLUMN
 
C I MUST REPLACE THE CARD(S) WHICH FOLLOW ITETHEN).
 

DIMENSION FIELDR(200),FIELDI(ZOO)tSIJR(90,9O)tSIJI(9090) ,REALCU(.
 
1200),IMAGCU(200),CURDEN(200),AMP(200),PHASE(200)
 
COMMON /CONSTS/ ISTOPtISTOP2,1STPINTOPUPtNUPTOPNSTPINTOPHF,
 
INTHFUPNPTPPININHHFNUPHHFNSYMUPNNIDNMIDUP.NSYMNSYMZNMIDM
 
2NMIDPINSYMMNTOPO
 
COMPLEX CURDEN
 
REAL IMAGCU
 

10 FORMAT (IHI)
 
11 FORMAT (IHO)
 

310 FORMAT(1HO2X,8E16.8)
 
RADIAN=.017453292519943296
 
ZERO=0.0000000000000000 

C OBTAIN THE COLUMN MATRIX (C21*CIINV)*E AND STORE IN REALCU AND 
C IMAGCU. 
S DO 400 I=1,ISTOP 

DO 400 I=INSYM 
REALCU(I)=ZERO 
IMAGCU(I]=ZERO

S 	 DO 400 J=1,ISTOP
 
DO.400 J=1,NSYM
 
REALCU(I1=REALCU(I)+SIJR(IJ)*FIELDR(J)-SIJI(I,J)*FIELDI(J)
 

400 IMAGCU(I)=IMAGCU(I)+SIJR(I,J)*FIELDI(J)+SIJI(ltJ)*FIELDR(J) 
C OBTAIN THE COLUMN MATRIX (C21*CIlINV)*E-H AND STORE IN H. 
S DO 401 I=19ISTOP

00 401 I=INSYM 
* 	 IUP=ISTOP+I 

IUP=NSYM+I 
FIELDR(IUP)=REALCU(I)-FIELDR(IUP) 

401 FIELDICIUP)=IMAGCUCI)-FIELDI(IUP)
 
C OBTAIN THE COLUMN MATRIX ((C21*CIINV)*C12-C22)INV)*((CzI*CI1INV)*E-H)
 
C AND PUT IN REALCU AND IMAGCU.
 
S 	 00 402 I=1,ISTOP
 

,DO 402 I=INSYM
 
* 	 IUP=ISTOP+I 

I-UP=NSYM+I 
REALCU(IUP)=ZERO
 
-IMAGCU(IUP)=ZERO
 

S DO 402 J=I,ISTOP
 
00 402 J=1,NSYM
 

• 	 JUP=ISTOP+J
 

JUP=NSYM+J
 
REALCU(IUP)=REALCU(IUP)+SIJR(IUPJUP)*FIELDR(JUP)-SIJI(IUPJUP)*
 
IFIELDI(JUP)
 

402 IMAGCU(IUP)=IMAGCU(IUP)+SIJR(IUPtJUP)*FIELDIEJUP)+SIJI(IUPJUP)*
 
IFIELDR(JUP)
 

C OBTAIN THE MATRIX (ClIINV)*C12 AND STORE IN CI.
 
* 	 DO 403 I=1,ISTOP
 

DO 403 I=I,NSYM
 
* 	 IUP=ISTOP+I 



IUP=NSYM+I

* 	 DO 403 J=1,ISTOP 

DO 403 J=1,NSYM 
* 	 JUP=ISTOP+J 

JUP=NSYM+J
 
SIJR(I,J)=ZERO
 
SIJI[IJ)=ZERO
 

* 	 DO 403'K=i,ISTOP 

DO 403 K=lNSYM
 
SIJR(I,J)=SIJR(IJ)+SIJR(IUPK)*SIJR(K.JUP)-SIJI(IUPK)*SIJI(KJUP
 

1)
 
403 SIJI(I,J)=SIJI(IJ)+SIJR(IUPK)*SIJI(KJUP)+SIJI(IUPK)*SIJR(KtJUP


1)
 

C 	 FORM THE COLUMN MATRICES 

* 	 DO 404 I=t,ISTOP 

DO 404 I=lNSYM 
* 	 IUP=ISTOP+I 

IUP=NSYM+I
 
REALCU(I)=ZERO
 
IMAGCU(I)=ZERO
 
FIELDR(IUP)=ZERO
 
FIELDICIUP)=ZERO
 

* 	 DO 404 J=1,ISTOP 
DO 404 J=1,NSYM 

* 	 JUP=ISTOP+J 
JUP=NSYM+J 

(CI1INV)*E AND (CIINV*C12)*M.
 

REALCU(I)=REALCU(I)+SIJR(IUPt.J)*FIELDR(J,)-SIJ I,IUPJ )*FIELDI(J)
 
IMAGCU(I)=IMAGCU(I)+SIJR(IUPJ)*FIELDI(J)+SIJI(IUPJ)*FIELDRfJ)
 
FIELDR(JUP)=FIELDR(IUP)+SIJR(IJ)*REALCUI(JUP)-SIJI(ItJ)*IMAGCU(JUP
 
1)
 

404 FIELDI(IUP)=FIELDI(IUP)+SIJR(IJ)*IMAGCU(JUP) SIJI(ItJ)*REALCU(JUP
 
1)
 

C FORM THE COLUMN MATRIX C11INV*E-(ClLINV*C12)*M
 
* 	 DO 405 I=1,ISTOP 

DO 405 I=1,NSYM 
* 	 IUP=ISTOP+I 

IUP=NSYM+I
 
REALCU(I)=REALCU(I)-FIELDR(IUP)
 

405 IMAGCU(I)=IMAGCU(I)-FIELDI(IUP)
 
C COMPUTE THE VALUES OF THE SYMMETRIC SURFACE CURRENT DENSITIES.
 

CURDEN(NTOPHF)=CMPLX(REALCU(1),IMAGCUI,))
 
CURDEN(NTHFUP)=CMPLX(REALCUCNSYMUP),IMAGCU(NSYMUP)
 
IF(ISTOP.EQ.NTOPO) GO TO 4049
 
CURDEN(NTOPUP)=CMPLX(REALCUINMID),IMAGCU(NMID))'
 
.CURDEN(NPTPP1)=CMPLXREALCU(NMIDUP)IMAGCU(NNIDUP))
 
CURDEN(NINHHF)=CMPLX(REALCU(NSYM),IMAGCU(NSYM))
 
CURDENCNUPHHF)=CMPLX{REALCU(NSYM2),IMAGCUCNSYM2))
 

4049 DO 4050 I=2,NMIDM
 
IM=I-1
 
IUP=NSYM+I
 
JP=NTOPHF+IM
 
JUPP=ISTOP+JP
 
JZNTOPHF-IM
 

JUP=ISTOP+J
 
CURDEN(JP)=CMPLXCREALCU(I)PIMAGCU(I))
 
CURDEN(JUPP)=CMPLX(REALCU(IUP),IMAGCU(IUP))
 



CURDEN(J)=CURDEN(JP')'

4050 	CURDEN(JUP)=CURDEN(JUPPI
 

IFIISTOP.EQ.NTOPO) GO TO 4052
 
DO 4051 I=NMIDP#NSYMM
 
IM=I-NMID
 
IUP=NSYMtI
 
J=NTOPUP+IM
 
JUP=ISTOP+J
 
JP=ISTPI-IM
 
JUPP=ISTOP+JP
 
CURDEN(J)-CMPLX(REALCU(I)vIMAGCU(-I))
 
CURDEN(JUP)=CMPLX(REALCU(IUP),IMAGCU(IUP)I"
 
CURDEN{JP)=CURDEN(J)
 

4051 CURDEN(JUPP)=CURDEN(JUP)
 
4052 DO 406 I=1,lSTOP2
 

* 	 CURDEN(I)=CMPLX(REALCU(I),IMAGCU(I)) 
REALCU(-I)=REAL(CURDEN(I)) 
IMAGCU(I)=AIMAG(CURDEN(I)) 
AMP(I)=SQRT(REALCU(I)*REALCU(I)+IMAGCU(I-)*IMAGCUI)) 

406 PHA'SE(I)=ATAN2(IMAGCU(I),REALCUEI))/RADIAN
 
PRINT 10
 
PRINT 410
 

410 FORMAT (15X*DISTRIBUTION OF INDUCED CURRENTS*)
 
PRINT 11
 
PRINT 420
 

420 FORMAT (1OX,*REAL PART*2X,*IMAGINARY PART*gX,*MODULUS*IIX*PHASE*
 
PRINT 11
 
PRINT 430
 

430 FORMAT (5X*ELECTRIC CURRENTS*)
 
PRINT 11
 
PRINT 431
 

431 	FORMAT (20X*TOPOGRAPHIC CURRENTS*)
 
PRINT 11
 
DO 432 I=,NTOPO
 
PRINT 310, CURDEN(IhAMP(IIPHASE(I)
 

432 CONTINUE
 
IF(ISTOP.EQ.NTOPO) GO TO 441
 
PRINT 11
 
PRINT 433
 

433 FORMAT (20X*INHOMOGENEITY CURRENTS*)
 
PRINT 11
 
DO 440 I=NTOPUPISTOP
 
PRINT 310, CURDEN(IItAMP(13PHASE(I)
 

440 CONTINUE
 
441 CONTINUE
 

PRINT 10
 
PRINT 450
 

450 FORMAT (5X*MAGNETIC CURRENTS*)
 
PRINT 11
 
PRINT 431
 
PRINT 11
 
DO 451 I=ISTP1,NUPTOP
 
PRINT 310, CURDEN(I),AMP(I),PHASE(I)
 

451 	CONTINUE
 
IF(ISTOP EQ.NTOPO) GO TO 461
 
PRINT 11
 



PRINT 433
 
,PRINT 1I
 
DO 460 I=NSTPI*ISTOP2
 
PRINT 310, CURDEN(I'),AMP(,I),PHASE{,I)
 

460 	CONTINUE
 
461 	CONTINUE
 

RETURN
 
END
 



SLBROUTINE CINVER (AR,AIND)
 
C... SLBROUTINE CINVER INVERTS A COMPLEX MATRIX BY SOLVING THE TWO
 
C EQUATIONS WHICH RESULT FROM THE DEFINITION OF MATRIX INVERSE,
 
C C(-I)*C = I.
 
C... INPUTS ARE AR (THE REAL PART OF THE COMPLEX MATRIX TD BE INVERTED)
 
C Al (THE IMAG PART OF THE COMPLEX MATRIX TO BE INVERTED)
 
C N (THE ORDER OF THE COMPLEX MATRIX TO BE INVERTED)
 
C... OUTPUTS ARE 0 (THE REAL PART OF THE INVERSE)
 
C Al (THE [VAG PART OF THE INVERSE)
 

DIMENSION TI(45),T2(45)
 
DIMENSION AR(45,45),AI:(45,45),ARI(45,45)tC(45,45)
 
DO 10 I=11N
 
DO 10 J=I,N
 

10 	ARI(IJ)=AI(IJ)
 
CALL INVERT(ARIN,45,TI,T2)
 
DO 20 I=1,N
 
DO 20 J=1,N
 
DO 20 L=N
 
DO 20 K=I,N
 

20 	AI(IJ)=AI(I,J)+AR(IL)*ARI(L,K)*AR(K,J)
 
DO 40 I=1,N
 
DO 40 J=1,N
 

40 	AI(I,J)=-AI(I,J)
 
CALL INVERT (AIN,45,TIT2)
 
DO 30 I=1,N
 
DO 30 J=I,N
 
D(I,J)=O.O
 

DO 30 L=I,N
 
DO 30 K=,N
 

30 	D(I,J)=D(I,J)-ARI(I,L)*AR(L,K)*AI(K,J)
 
RETURN
 
END
 



SLBROUTINE INVERT(ANN,N,M.C) 	 *END 20
 
CCCCCC
 
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 ORDER OF THE MATRIX.
 
CCCCCC N IS THE FIRST SUBSCRIPT OF THE DIMENSION OF THE ARRAY A.
 
CCCCCC M AND C ARE SINGLE SUBSCRIPTEC ARRAYS OF LENGTH AT LEAST NN.
 
CCCCCC AFTER THE RETURN ARRAYS M AND C CONTAIN GARBAGE.
 
CCCCCC
 

DIMENSION Ai),M(1),C(l) *END 40
 
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 MORE EFFICIENT THAN A STRICTLY LEGAL ROUTINE.
 
CCCCC
 

ND = N - NN *END 60
 
IF (NN-l 80,70,80 *END 70
 

70 A(1)=I./A(1) *END 80
 
GO TO 300 *END 90
 

80 D qO I1=, NN tEND 100
 
90 M(I)=-I *END 110
 

CCCCCC
 
DO 140 I=1,NN *END 130
 

CCCCCC
 
CCCCCC LOCATE LARGEST ELEMENT.
 
CCCCCC
 

D=O.O *END 170
 
DO 112 L=1,NN *END 180
 
IF (M(L)) 100,100t112 *END 190
 

100 J=L *END 200
 
DO 110 K=1,NN *END 210
 
IF (M(K)) 103,103,108 *END 220
 

103 IF (ABS(D)-ABS(A(J))) 105,105,108 tEND 230
 
105 LD=L *END 240
 

KD=K tEND 250
 
D=A(J) tEND 260
 

108 J=J+N tEND 270
 
110 CONTINUE *END 280
 
112 CONTINUE *END 290
 

CCCCCC
 
CCCCCC INTERCHANGE ROWS.
 
CCCCCC
 

IF (D) 401,402,401
 
*END 330
401 	ITEMP=-M(LD) 

M(LD)=M(KD) tEND 340
 
M(KD)=ITEMP tEND 350
 
L=LD tEND 360
 
K=KD *END 370
 
DO 114 J=1,NN *END 380
 
C(J)=A(L) tEND 390
 
A(L)=A(K) *END 400
 
A(K)=C (J) *END 410
 
L=L+N *END 420
 

114 K=K+N *END 430
 
CCCCCC
 



CCCCCC DIVIDE COLUMN BY LARGEST ELEMENT.
 
CCCCCCC 

NR=(KD-1I*N+ 
NH = NR + NN - I 
DO 115 K=NR,NH 


115 A(K)=A(K)/D 

CCCCCC
 
CCCCCC REDUCE REMAINING ROWS AND COLUMNS.
 
CCCCCC
 

L=1
 
DO 135 JINN 

IF (J-KD) 130,125,130 


125 L=L+N 

GO TO 135 


130 DO 134 K=NR,NH 

A(L)=A(L)-C(JI*ACK) 


134 	L=L+1 

L = L + ND 


135 CONTINUE 

CCCCCC
 
CCCCCC REDUCE ROW.
 
CCCCCC
 

C(KD)=-1.0 

J=KD 

DO 140 K=I,NN 

A(J)=-C(K)/D 


140 J=J+N 

CCCCCC
 
CCCCCC INTERCHANGE COLOMNS.
 
CCCCCC
 

D 200 I=l,NN 

L=O 


150 L=L+1 

IF(M(L)-I) 150,160,150 


160 K=(L-I)*N+1 

J=(-1)*N+1 

M(L)=M(I) 


- M(1)=I 


DO 200 L=1,NN 

TEMP=A(K) 

A(K)=A(J) 

A(J)=TEMP 

J=J+l 


200 K=K+1 

CCCCCC
 

300 RETURN 

CCCCCC
 

402 PRINT 403
 
403 FORMAT (15HSINGULAR MATRIX)
 

CALL EXIT
 
RETURN
 
END 


*END 470
 
*END 480
 
*END 490
 
*END 500
 

tEND 550
 
*END 560
 
*END 570
 
*END 580
 
*END 590
 
tEND 600
 
*END 610
 
*END 620
 
tEND 630
 

*END 670
 
tEND 680
 
*END 690
 
*END 700
 
*END 710
 

*END 750
 
*END 760
 
*END 770
 
*END 780
 
*END 790
 
*END 800
 
*END 810
 
*END 820
 
*END 830
 
*END 840
 
*END 850
 
*END 860
 
*END 870
 
*END 880
 

*END 900
 

*END 920
 



C... 

C 

C 


SUBROUTINE FIELDS(PROPCTIREALK1,IMAGK1,CSTvTCOSA1,TSINAICURDEN
 
IIKIMIIKIIMIIIKIIIMAII,A12tAI3,AI4AAI5,AI6,AI7TAIBAISAI1O,
 
2AII1,AI12,AI13,AIOMIISTOPHPHIXtHPHIZ)
 
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 CURDENPROPCT1,CSTAI1,A12,A13,AIAAIS,AI6,AIYtAI8,AI9,
 
1AIIOAIIIAI12,AI13,CODEICODE2,APART1,APART2,APART3,CODE3,CODE4,
 
2BPARTI ,BPART2,BPART3,CODE5,CODE6,CPARTICPART2,CPART3,CODE7vCODE89
 
3DPARTIDPART2,DPART3tCODE9,CODEIOtEPARTIEPARTZEPART3CODEI1,
 
4CODEI2,FPARTIFPART2,FPART3,CODEI3,CODEI4,GPARTIGPART2,GPART3
 
5BIGABIGBBIGC',BIGD,BIGEBIGFBIGG,PERFECFINI.TEAHELPBHELPCHELP
 
6,DHELPEHELP,FHELPeGHELPHELPIHELP2,HPHIXHPHIZ
 
COMMON /ZAP/ AJOP1,AMDABETAAMDAPIONEMAMSMALLA,SMALLBIDELTAt
 
ISMALLCCC2,SAIMACAIMADCAIMA
 
COMMON /ZUP/ AIOPIAMDBBETBtAMDBPIONEMA
 
COMMON /ZIP/ DD2
 
REAL IMAGKI
 
FOUR=4.O000000000000000
 
'THREE=3.0000000000000000
 
T O=2.0000000000000000o
 
IF(IK.EQ.ISTOP) GO TO 20
 
CODE1=(AI3-SMALLC*AI2)/AIOP1
 
CODE3=(AI2-SMALLC*AII)/AIOPI
 
CCDE5=(AIT-SMALLC*AI6)/AIOP1
 
CODET=(AI6-SMALLC*AI5)/AIOP1
 
CODE9=(AI1O-SMALLC*AI9)/AIOPI
 
CCDE1I=(AI12-SMALLC*AII )/AIOPI
 
CODE13=(AIlI-SMALLC*AI1O)/AIOPI
 
IF(IK.EQ.1) GO TO 10.
 
CODE2=(AI4-TWO*SMALLC*AI3+CC2*AI2)/BEB
 
APART1=(A12-ONEMA*CODE1-CODE2)*CURDEN(IK).
 
APART2=(CODEI+CODE2)*CURDEN(IIK)/AMDBPI
 
APART3=AMDB*(AMDB*CODE1-CODE2)*CURDEN(IIIK)/AMDBP1
 
CODE4=(AI3-TWO*SMALLC*AI2+CG2*AI1)/BETB
 
BPARTI=(AI1-ONEMA*CODE3-CODE4)*CURDEN(IK)
 
BPART2=(CODE3+CODE4)*CURDEN(IIK)/AMDBPI
 
BPART3=AMDB*(AMDB*CODE3-CODE4)*CURDEN(IIIK)/AMDBP1
 
CODE6=(AI8-TWO*SMALLC*AI7+CC2*AI6)/BETB
 
CPARTI=(AI6-ONEPA*CODE5SCODE6)*CURDEN(IM)
 
CPART2=(CODE5+CODE6)*CURDEN(IIM)/AMDBPI
 
CPART3=AMDB*(AMDB*CODE5-CODE6)*CUROEN(IIIM)/AMDBPI
 
CCDE8=(AI7-TWO*SMALLQ*AI6+CC2*AI5)/BETB
 
DPART1=(A15-ONEMA*CODE7-CODE8)*CURDEN(IM)
 
DPART2=(CODE7+CODEB)*CURDEN(IIM)/AMDBPI
 
DPART3:=AMDB*(AMDB*CODE7-CODE8)*CURDEN(IIIM)IAMDBP1
 
CCDE1O=(AI1-TWO*SMALLC*AIlO+CC2*AI9)/BETB
 
EPARTI=(AI9-ONEMA*CODE9-CODEIO)*CURDEN(IM)
 
EPART2=(CODE9+CODEIO)*CURbEN(IIM)/AMDBP1
 
EPART3=AMDB*(AMDB*CODE9-CODEIO)*CURDEN(IIIM)/AMDBPI
 
CODEI2=(AI13-TWO*SMALLC*A112+CC2*AI].)/BETB
 
FPARTI=(AI11-ONEMA*CODEII-CODE12)*CURDEN(IM)
 
F-PART2=(CODE1I+CODE12)*CURDEN(IIM)/AMDBPI
 
FPART3=AMDB*(AMDB*CODEI1-CODEI2)*CURDEN(IIIM)/AMDBPI
 
CODE14=(AI12-TWO*SMALLC*AII+CC2.4AIIO)/BETB
 
GPART1=(AIIO-ONEMA*CODE13-CODEI4)*CURDEN(IM)
 



GPART2=(CODEI3+CODE14)*CURDEN(IIM|/AMDBPI

GPART3=AMDB*'(AMDB*CaDE13-CODE14)*CURDEN(IIIM)/AMDBP1
 
BIGA=APART1+APART2-APART3
 
BIGB=BPARTI+BPART2-BPART3
 
BIGC=CPARTI+CPART2-CPART3
 
BY D=DPART1+DPART2-DPART3
 
BIGE=EPARTI+EPART2-EPART3
 
BIGF=FPART1+FPART2-FPART3
 
BIGG=GPART1+GPART2-GPART3
 
GO TO 30
 

10 	BIGA=(AI2-CODEI)*CURDEN(IK)+CODE1*CURDEN(IIK)
 
BIGB=(AII-CODE3)*CURDEN(IK)+CDE3*CURDEN(IIK)
 
BIGC=(AI6-CODE5)*CURDEN(IM)+CODEB*CURDEN(IIM)
 
B1;D=(A15-CODE7)*CURDEN(IM)CODE7*CURDEN(IIM)
 
BIGE=(AI-CODE9)*CURDEN(IM)+CODE9*CURDEN(IM)
 
BIGF=(AI11-CODE11)*CURDEN(IM)+CODE11*CURDENITIM)'
 
BI3G=(AIIO-CODE13)*CURDEN(TM)+CODEI3*CURDEN(IIM)
 
GO TO 30
 

20 CODE1=(AI3-SMALLC*AI2)/AIOM1
 
CODE3=(AI2-SMALLC*A1 )/AlOM1
 
CODE5=(AI7-SMALLC*AI61/AIOMI
 
CODE7=(AI6-SMALLC*AI5,)/AIOMI
 
CODE9=(AI1O-SMALLC*AI9)/AIOM1
 
CODEII=(AI12-SMALLC*AI1I)/AIOMI
 
CODE13=(AI11-SMALLC*AI1O-)/A1OM
 
BIGA=(AI2+CODEI)*CURDEN(IK)-CODEI*CURDEN(IIIK)
 
BIGB=(AII+CODE3)*CURDENUIK)-CODE3*CURDEN(IIIK)
 
BIGC=(AI6+CDE5)*CURDEN(IM)-CODE5*CURDEN(IIIM)
 
B13D=(A15+CODET)*CURDEN(IM)-CODE7*CURDEN(IIIM)"
 
BIGE=(AI9+CODE9)*CURDEN(IM)-CODE9*CURDEN(IIIM)
 
BIGF=(AIII+CODE1I)*CURDEN(IM)-CODE1*CUROEN(IIIM)
 
BIGG=(AI'IO+CODE13)*CURDEN(IM)-CODE13*CURDEN(IIIM)
 

30 	PERFEC=CMPLX(-IMAGKI/FOUR,REALKI/FOUR)
 
FINITE=CST*THREE
 
AHELP=BIGA*PERFEC
 
BHELP=BIGB*DELTA*PERFEC
 
CHELP=BIGC*DELTA*FINITE
 
DHELP=BIGD*DDZ*FINITE
 
EHELP=BIGE*DD2*FINITE/PROPCTI
 
FHELP=BIGF*FINITE/PROPCT1
 
GHELP=TWO*BIGG*DELTA*FINITE/PROPCT1
 
HELP1=-AHELP-CHELP+GHELP
 
HELP2=-BHELP-DHELP+EHELP-FHELP
 
HPHIX=HELPI*TCOSAI+HELP2*TSINA1
 
HPHIZ=HELP1*TSINA1-HELP2*TCOSA1
 
RETURN
 
END
 



FUNCTION FUNC(S) 
C... FUNC IS THE FUNCTION IN THE SMALL ARGUMENT SOLUTION OF APPENDIX D 
C WHICH MUST BE INTEGRATED NUMERICALLY. 

COMMON /ZIP/ DD2 
S2=S*S 
SUM=S2+DD2 
FUNC=(ALOG(SUM))/SUM 
RETURN 
END 



- FUNCTION'RMBRG(FvABtEPSAREA)
C... FUNCTION RMBRG PERFORMS THE INTEGRATION OF A GIVEN FUNCTION BY THE
 
C TRAPEZOIDAL RULE TOGETHER WITH ROMBERGIS EXTRAPOLATION METHOD.
 
C 'THE SUBROUTINE WAS WRITTEN BY THE E.O. LAWRENCE RADIATION LABORATORY.
 
C BERKELEY. 
C... INPUTS ARE F - EXTERNAL FUNCTION'TO BE INTEGRATED 
C A, B - LOWER AND UPPER BOUNDS OF THE INTERVAL, RESPECTIVELY 
C - OUTPUTS ARE AREA - RESULTING APPROXIMATE VALUE OF THE INTEGRAL 
C RMBRG - ERROR CODE - 1 IF REQUIRED ACCURACY NOT REACHED. 
C OTHERWISE, RMBRG = NUMBER OF SUBDIVISIONS REQUIRED TO 
C OBTAIN SPECIFIED ACCURACY. 
C.. THIS ROUTINE IS SPECIFIC TO A CONTROL DATA CORPORATION 6000-SERIES 
C (CDC 6400/6500/6600) MACHINE. 

DATA MXR,MXC,.INDEF/ZO,4,17TlOOOOOOOOOOOOOOOOB/
 
DIMENSION T(20,20)
 

COMMON /VARIAB/ ITERTOLERACC
 
AI=O.
 
IF(EPS .LT. 0.) AI=AREA
 
ERR=O.
 
BA=B-A
 
TNEW=(F(A) + F(B) ) /2.
 
T(1,1)=TNEW
 
'DEN1=1.
 

DO 00 L=2,MXR
 
RMBRG= L
 
DEN2=2 * DENi
 
DX=BA/DEN2
 
KUP=DEN2-1.
 
SUM=O.0
 

DO 120 K=1,KUP,2
 
X=A+K*DX
 

120 SUM=SUM+F(X)
 
T(L,1) = (SUM/DEN1 + T(L-1,1))/2.
 
D4=1.
 
JC=MINO(LMXC)
 
IF(JC .EQ. I ) GO TO 210
 

DO 200 J=2,JC

D4=4°*D4
 

200 T(LJ)=T(L,J-1)+(TCLJ-1) -T(L-IJ-I)/(D4-I.)
 
210 TOLD=TNEW
 

TNEW=T(L.JC)
 
DA=TNEW-TOLD
 

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

i00 DENI=DENZ
 
101 RMBRG=-I. 

ERR=DA*BA 
C***************************** ERROR RETURN **************************** 

AREA = INDEF . OR. MXR-
RETURN 

-150 	AREA=TNEW*BA
 
RETURN
 
END
 

http:TNEW=T(L.JC


PROGRAM FINESCT (INPUTOUTPUT)
 
C°.. FINESCT CALCULATES THE MAGNETIC FIELD INTENSITY
 
C SCATTERED BY A FINITELY CONDUCTING CYLINDER IN A'CONDUCTIVE
 
C WHOLE SPACE.THE INCIDENT PLANE WAVE IS ASSUMED TO BE- POLARIZED
 
C SUCH THAT THE ELECTRIC FIELD VECTOR IS PARALLEL TO IHE LONG AXIS
 
C oF THE CYLINDER. THE INCIDENT FIELD IS ASSUMED TO BE THE
 
C TRANSMITTED FIELD OF A WAVE NORMALLY INCIDENT (PHI-IBO.) UPON
 
C A CONDUCTIVE HALF SPACE.
 
C... INPUTS ARE...LLX,- THE NUMBER OF STATIONS.
 
C NZINC - THE NUMBER OF DEPTHS OF BURIAL TO BE
 
C CONSIDERED.
 
C LSTOP - THE NUMBER OF TERMS-TO'WHICH THE SERIES HAS
 
C BEEN TRUNCATED.
 
C PHI - THE ANGLE OF INCIDENCE. MEASURED CLOCKWISE
 
C FROM THE VERTICAL Z-AXIS (IT WILL DIFFER FROM
 
C 180. IF A HALF SPACE TRANSMITTED FIELD IS NOT
 
C NECESSARILY BEING CONSIDERED.)
 
C HO -,THE INCIDENT FIELD INTENSITY. (NORMALLY TAKEN
 
C TO-BE 1.)
 
C XO - THE INITIAL STATION.
 
C XINT-- THE STATION INTERVAL.
 
C R -" THE RADIUS OF THE CYLINDER.
 
C ZO - THE DEPTH TO THE TOP OF THE CYLINDER.
 
C FREQ - THE FREQUENCY OF THE lNCIDENT FIELD.
 
C DIECST1'- THE DIELECTRIC CONSTANT OF THE WHOLE SPACE.'
 
C MAGPER1 - THE MAGNETIC PERMEABILITY OF THE WHOLE-

C SPACE.
 
C DIECST2 - THE DIELECTRIC CONSTANT OF THE CYLINDER.
 
C MAGPER2 - THE MAGNETIC PERMEABILITY OF THE CYLINDER..
 
C CONDUCL - THE CONDUCTIVITY OF THE WHOLE SPACE.
 
C CONDUC2 - THE CONDUCTIVITY OF THE CYLINDER.
 
C... SUBROUTINES CALLED BY FINESCT ARE - BESZIPHINTGR, AND BESK.,
 
C... NOTE THAT ALL UNITS ARE MKS.
 

DIMENSION XT(100),SHXR(100),SHZR(100),SHXI(100),SHZI(100),PHASEX(I
 
100)tPHASEZ(100),HSECX(100),HSECZ(100)DIPMAJ(100)ZO(10)
 
DIMENSION HELP(110).OUTI(110).HLlCI(11O),HLI(11O),OUT2(1IC)
 
DIMENSION DERJK1(11O),DERHKII11O),FI(11O).CURRK(11OCURRM(11O)t
 

1PHA:SEK(110),PHASEM(C110)AMPK(110 )AMPM(110)
 
COMPLEX ARG,ARGCSTIOUTIHLIClHL2CItHELPOUTOtHLLCOHELPOAJAY
 
1HCHLItHL2,AJAYPtAJAYNSUMPHISUMRHOCSTHILLWHOLEtTERMtHPHIHRHO
 
2,HL2COCNOZIPIZIP2,DERJKIDERJK2,DERHKI,'CN
 
COMPLEX ARGCST2,OUT2,TOPBOTTOMOUTO2,TOPOBOTTOMO
 
COMPLEX ZAIRZEARTHZRATIO.HREFLCOEFFiAIMP1,AIMP29PROPCTIPROPCT2
 
COMPLEX ADDKADDMvCURRKCURRM
 
REAL MAGPER1.,MU1,IMAGK1,MAGPER2MUZIMAGKZ
 
READ 1, LOOP
 
DO 2000 LOO=1,LOOP
 
READ 1, LLXNZINCLSTOPNPHI
 
READ 2, PHIHOtXOtXINT,R
 
READ 2, (ZO(NZ)PNZ=1,NZINC)
 
READ 29 FREQDIECST1,MAGPERIDIECST2,MAGPER2
 
READ 3, CONDUCLCONDUC2
 

1 FORMAT (913)
 
2 FORMAT (8F9.4)
 
3 FORMAT (5E15.7)
 
5 FORMAT (8E15.7)
 

10 FORMAT (IHI)
 



11 FORMAT (lHO) 
FOURPI=12.566370614359173 
TWOPI=6.2831853071795865 
HALFPI=1.570796326794897 
TWUIPI=.6366197723675813 
RADIAN=.017453292519943296 
FOUR=4.000000000000000 
THREE=3.00000000000000000 
T 0=2.000000000000000 
ONE=I.OOOOOOOOOOOOOOO 
ZE O=-.0000000000000000 
A-JAY=CMPLX(ZER09ONE) 
PHI=PHI*RADIAN 
HX=HO*SIN(PHI-HALFPI) 
OMEGA=TWOPI*FREQ 
AMU=FOURPI*1.E-07 
MU1=MAGPER1*AMU 
MU2=MAGPER2*AMU 
EPA=8.8539803E-12 
EPSIL01=DIECSTI*EPA 
EPSIL02=DIECST2*EPA 
CONAIR=1.E-17 
AAIR=CONAIR/(EPA*OMEGA) 
AAIR2=AAIR*AAIR 
ARAIR=SQRT(ONE+AAIR2) 
BAIR=AMU*EPAITWO 
AIRKR=DMEGA*SQRT(BAIR*(ARAIR+CNE)) 
AIRKI=DMEGA*SQRT(BAIR'*(ARAIR-ONE)) 
LAI.R=AMU*OMEGA/(CMPLX(AIRKRPAIRKI)) 
Al=CONDUC1/(EPSILU1*OMEGA) 
kSl=Al*A1 
AR1=SQRT(ONE+ASI) 
BI=MU1*EPSILOl/TWO 
REALK1=OMEGA*SQRT(Bl*(ARI+CNE)) 
IMAGKI=OMEGA*SQRT(Bl*(ARI-ONE)) 
A2=CONDUCZ/(EPSIL02*OMEGA) 
AS2=A2*A2 
AR2=SQRT(ONE+AS2) 
B2=MU2*EPSIL02/TWO 
REALK2=OMEGA*SQRT(B2*(AR2+ONE)) 
IMAGK2=OMEG-A*SQRT(B2*,(AR2-ONE)) 
PROPCT1=CMPLX(REALK191MAGK1) 
PROPCTZ=CMPLX,(REALK2tIMAGK2) 
ABSKI=CABS(PROPCT1) 
ABSK2=CABS(PROPCT2) 
WAVELI=TWOPI'/REALKI 
WAVELZ=TWOPI/REALK2 
AIMP,1=MU1*OMEGA/PROPCT1 
AIMP2=MU2*OMEGA/PROPCT2 
ZEARTH=AIMPI 
ZRATIO=ZEARTH/ZAIR 
HREFL=((ONE-ZRATIO)/(ONE+ZRATIO))*HX 
HORRE=HX+REAL(HREFL) 
HORIM=AIMAG(HREFL) 
PHASEO=ATAN2(HORIMHORRE) 
HHOR2=HORRE*HORRE+HORIM*HORIM 



HHOR=SQRT(HHOR2)
 
XT(I)=XO
 
DO 100 LX=ILLX
 

100 XT(LX+I)=XT(LX)+XINT
 
ARGCSTL=CMPLX(REALKI*RtIMAGKI*R)
 
ARSCST2=CMPLX(REALK2*R,IMAGK2*R)
 
CALL BESZIP(ZEROUOUTOIARGCSTI,415)
 
CALL BESZIP(ONEOUT1L),ARGCST1,4,15)
 
CALL HINTGR(0ARGCSTL,HLICOHL2C0)
 
CALL HINTGR(I,ARGCSTI,HLIC1(1)',HL2CI)
 
IF(CONDUC2-1.E+03) 101,lOltl02
 

101 CALL BESZIP(ZEROOUT02,ARGCST2,4,15)
 
CALL BESZIP(ONE,OUT2(1),ARGCST24,15)
 
CNO=AIMP2*OUTO2/(AIMPI*OUT2(1))
 
TOPO=OUTOI-CNOUTII1)
 
BOTTdOO=HL1CO-CNO*HL1C1('I)
 
HELPO=-TOPO/BOTTOMO
 
GO TO 103
 

102 HELPO=-OUTOI/HLICO
 
103 CONTINUE
 

DO 120 L=1LSTOP
 
LP1=L+1
 
ORD=FLOAT(LPi)
 
CALL BESZIP(ORD,OUTI(LP1),ARGCST1,4,l5)
 
CALL HINTGR(LP1,ARGCSTLHLICI(LPI),HL2C1)
 
IF(CONDUC2-I.E+03) 105,105PI10
 

105 	CALL BESZIP(ORDOUT2(LP1),.ARGCST2,4,l5)-

ZLIP=(FLOAT(L))/ARGCSTI,
 
ZIP2=(FLOAT(L))/ARGCST2
 
DERJKI(L)=ZIPI*OUT1(L)-OUTIILPI)
 
DERJK2=ZIP2*OUT2(L)-OUT2(LPI)
 
DERHKI(L')=ZIP1*HLICI(L)-HLICI(LPI)
 
CN=AIMP2*OUT2(L)/(AIMP1*DERJK2)
 
TOP=OUTI(L)-CN*DERJKI(L)
 
BOTTOM=HLVC1(L)-CN*DERHKI(L)
 
HELP(L)=-TOP/BOTTOM
 
GO TO 120
 

110 	HELPCL)=-OUT(-L)/HLiCI(L)
 
120 	CONTINUE 

Dfl 300 NZ=ItNZINC -

HEIGHT=ZOCNZ)+R 
TRANSL=REALK1*HEIGHT 
COEFF=(TWO/(ONE+ZRATIO))*EXP(-IMAGK1*HEIGHT)
 
HC=COEFF*CMPLX(-SIN(TRANSL),COS(TRANSL))
 
PRINT 10
 
DO 200 LX=ILLX
 
RHO=SQRT(HEIGHT*HEIGHTXT-(LX)*XT(LX))
 
ARS=CMPLX(REALKI*RHO,IMAGKI*RHO)
 
CALL HINTGR(1,ARGHL1I1),HL2)
 
-AJAYP=CMPLX(ONEZERO)
 
AJAYN=AJAYP
 
AL1=ONE
 
SLMPHI=CMPLX{ZERO,ZERO)
 
SUMRHO=CMPLX(ZEROZERO)
 
PPHI=ATAN2(XT(LX),HEIGHT)
 
DO 140 L=1,LSTOP
 



LLU=L+I
 
CALL HINTGR(LLUARGHL1(LLUbtHL2)-

ALI=-ALI
 
AL2=-AL1
 
AJAYN=AJAYN*AJAY
 
AJAYP=AL1*AJAYN
 
AL=FLOAT(L)
 
TRGARG=AL*PPHI
 
CST=AJAYP*HELP(L)
 
HILL=AL*CST*HLI(L)
 
WHOLE CHILL/ARG-HLI(LLU)*CST)*COS(TRGARG)
 
SUMPHI=SUMPHI+WHOLE
 
SLMRHO=SUMRHO+HILL*SIN(TRGARG)
 

140 	CONTINUE
 
TERM=-HELPO*HL1(1),
 
HPHI=TERM+TWO*SUMPHI
 
HPHI=HC*HPHI
 
HRHO=TWO*HC*SUMRHO/ARG
 
PRINT 5t TERMWHOLE,HPHI
 
PRINT 5, TERMHILLHRHO
 
HPHIR=REAL(HPHI)
 
HPHII=AIMAGtHPHI)
 
HRHOR=REAL(HRHO)
 
HRHOI=AIMAG(HRHO)
 
TILL=HEIGHT/RHO
 
TOLL=XT(LX)/RHO
 
SHXR(LX)=HRHOR*TOLL+HPHIR*TILL
 
SHZR.(LX)=HRHOR*TILL-HPHIR*TOLL
 
SHXI(LX)=HRHOI*TOLL+HPHII*TILL
 
SHZI(LX)=HRHOI*TILL-HPHII*TOLL
 
PHASX=ATAN2(SHXI(LX),SHXR(LX))
 
PHASZ=ZERO
 
IF(SHZI(LX).EQ.O..AND.SHZR(LX).EQ.0.) GO TO 141
 
PHASZ=ATAN2(SHZI(LX),SHZR(LX))
 

141 	PHASEX(LX)=PHASX/RADIAN
 
PHASEZ(LX)=PHASZ/RADIAN
 
TUE,=SHXI(LX)*SHXI(LX)+SHXR(LX)*SHXR(LX)
 
WED=SHZI(LX)*SHZI(LX)+SHZR(LX)*SHZR(LX)
 
HSECX(LX)=SQRT(TUE)
 
HSECZ(LX)=SQRT(WED)
 
THUR=HSECZ(LX)*(HHOR*COSfPHASZ-PHASEO3+HSECX(LX)*COS(PHASX-PHASL)
 
FRI=(IUE-WED+HHOR2+TWO*HHOR*HSECX(LX)*COS(PHASX-PHASEO))"
 
SAT=-THUR
 
ROOT=SQRT(FRI*FRI-FOUR*THUR*SAT)
 
DENOM=TWO*THUR
 
DIPMAJ(LX)=ZERO
 
IF(DENOM.EQ.O.) GO TO 200
 
DIRMAJ(LX)=(ATAN((-FRI+ROOT)/DENOM))/RADIAN
 

200 CONTINUE
 
PRINT 10
 
PRINT 710
 

710 FORMAT(20X*MAGNETIC FIELDS ABOVE TWO DIMENSIONAL INHOMOGENEITIES I
 
iN A CONDUCTIVE WHOLE SPACE*)
 
PRINT 11
 
PRINT 715
 

715 	FORMAT (5X,*PARAMETERS OF THE WHOLE SPACE ARE ... ) 



PRINT 720, CONDUC1,DIECSTl,MAGPER1
 
720 FORMAT (cOX,*CONDUCTIVITY =*IPE12.3,*,*5X,*DIELECTRIC CONSTANT =*I
 

1PE12.3,*,*5X,*MAGNETIC PERMEABILITY =*IPE12.3)
 
PRINT 11
 
PRINT 725
 

725 	FORMAT (5X,*PARAMETERS OF THE CYLINDER ARE .... *) 
PRINT 720, CONDUC2,DIECST2,MAGPER2 
PRINT 726, R 

726 	FORMAT (10X,*RADIUS =*IPEI2.3)
 
PRINT II
 
PRINT 730
 

730 FORMAT (5X,*PARAMETERS OF THE SURVEY ARE ... *) 

PRINT 735, FREQ,WAVEL1,AIMPI 
735 FORMAT (IOX,*FREQUENCY =*iPE12.3,*,*5X,*WAVELENGTH I =*IPEI2.3,*,* 

15X,*WAVE IMPEDANCE 1 =*2(1PE12.3)) 
PHIANG=PHI/RADIAN 
PRINT 736, PHIANG,WAVEL2,AIMP2 

736 FORMAT (10X,*ANGLE OF INC =*F9.2,*,*5X,*WAVELENGTH 2 =*lPE12.3,*,* 
15X,*WAVE IMPEDANCE 2 =*2(1PE12.3))
 
PRINT 11
 
PRINT 740, ZO(NZ)
 

740 	FORMAT (35X,3HZ =F12.3)
 
PRINT Ii
 
PRINT 745
 

745 FORMAT (1OX,*HXR*IOX,*HXI*6X,*X PHASE*I1X,*HX*IOX,*HZR*1OX,*HZI*6X
 
1,*Z PHASE*IIX,*HZ*4X,*DIP MAJOR*6Xt*STATION*)
 
PRINT 11
 
PRINT 750, (SHXR(LX),SHXI.(LX),PHASEX(LX)PHSECX(LX),SHZR(LX)tSHZI(L
 
1X),PHASEZ(LX),HSECL(LX),DIPMAJ(LX),XT(LX),LX=I*LLX)
 

750 FORMAT (9(IXIPEI2.4),3XOPF8.3)
 
IF(CONDUC2.GT.1.E+03) GO TO 300
 
ANGLE=TWOPI/FLOAT(NPHI)
 
FI(1)=ZERO
 
DO 800 N=2,NPHI
 

800 	FI(N)=FI(N-I)+ANGLE
 
DO 820 N=1,NPHI
 
ADDK=CMPLX(ZERO,ZERO)
 
AD)M=CMPLX(ZERO,ZERO)
 
AJAYN=CMPLX(ONEZERO)
 
DO 810 L=IlLSTOP
 
AJAYN=AJAYN/AJAY
 
TRZ=COS(FLOAT(L)*FI(N))
 
ADDK=ADDK+AJAYN*(DERJKI(L)+HELP(L)*DERHK1(L))*TRG
 

810 ADDM=ADDM+AJAYN*(OUTI(L)+HELP(L)*HLICI(L))*TRG
 
ADDK=TWO*ADOK-OUTI()-HELPO*HLIC1(l)
 
ADDM=TWO*ADDM+OUTOI+HELPO*HLICO
 

CURRK(N)=HC*ADDK

CURRM(N)=-ZEARTH*HC*ADDM/AJAY
 
PHASEK(N)=ATAN2(AIMAG(CURRK(N)),REAL(CURRK(N)))/RADIAN
 
PHASEM(N)=ATAN2(AIMAGCCURRM(N)),REAL(CURRM(N)))/RADIAN
 
AMPK(N)=CABS(CURRK(N))
 

820 AMPM(N)=CABS(CURRM(N))
 
PRINT 10
 
PRINT 410
 

410 FORMAT (15X*OISTRIBUTICN OF INDUCED CURRENTS*)
 
PRINT 11
 



PRI'NT 420
 
420 FORMAT (IOX,*REAL PART*2X,*IMAGINARY PART*9X,*MODULUS*11X*PHASE*)
 

PRINT U1
 
PRINT 430
 

430 FORMAT (5X*ELECTRIC CURRENTS*)
 
PRINT 11
 
DO 440 N=1,NPHI
 
PRINT 435, CURRK(NJAMPK(N),PHASEK(N)
 

435 	FORMAT (IHO2X,8E16.8)
 
440 CONTINUE
 

PRINT 10
 
PRINT 450
 

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

460 CONTINUE
 
300 CONTINUE
 

2000 CONTINUE
 
STOP
 
END
 



SUBROUTINE BESZIP (ORDOUTARGNTERMSNLOW)
 
C.. INPUTS ARE ORD (ORDER OF THE BESSEL FUNCTION-OF THE FIRST KIND)
 
C ARG (COMPLEX ARGUMENT OF'THE BESSEL FUNCTION OF THE
 
C FIRST KIND)
 
C NTERMS (NUMBER OF TERMS TO BE USED IN THE ASYMPTOTIC
 
C EXPANSION)
 
C NLOW (NUMBER OF TERMS TO BE USED IN THE SERIES EXPANSION)
 
C... 	 OUTPUTS ARE OUT (COMPLEX ANSWER)
 

COMPLEX ARGFAtECHCOSFACSINFACPLAYtTERMCTERMSOUT
 
DIMENSION FA (200)
 
NORD = IFIX(ORD)
 
FL = 1.0
 
IF(NORD *EQ. 0) GO TO 800
 
DO 805 K = 1,NORD
 

805 	FL = FL*FLOAT(K)
 
800 CONTINUE
 

N2T=2*NTERMS
 
IF(CABS(ARG).LT.1'2.O) N2T=NLOW
 
ECH=.(1.,OO.O)
 
DO 720 J=1tN2T
 
NQ=J+1
 
NR=J
 
NP=12*J)-1
 
PQ=FLOAT(NP)
 
QUIP=FLOAT(NR)
 
IF(CABS(ARG).LT.12.0) GO TO 790
 
FA (J)=(((-1.0)**NQ)*(-(4.O*(ORD**2))-(PQ**2)))/(FLOAT(NR)*8.0*ARG
 
1)
 
GO TO 791
 

790 FA (J)=(ARG*ARG*O.250-)/(QUIP*(ORD+QUIP)
 
791 FA (J)=FA (J)*ECH
 
720 ECH=FA (J)
 

COSFAC=(O.0,0.O)
 
SINFAC=(O.O,O.0)
 
DO 780 J=2,N2T,2
 
COSFAC=COSFAC+FA (J)
 

780 	SINFAC=SINFAC+FA (J-1)
 
IF(CABS(ARG).LT.12.O) GO TO 792
 
PLAY=ARG-O.78539B-(1.57079*ORO)
 
TERMC=(CCOS(PLAY))*(I.O+COSFAC)
 
TERMS=(CSIN(PLAY))*SINFAC
 
OUT=C0.797884*(TERMC-TERMS))/CSQRT(ARGI
 
GO TO' 793
 

792 OUT=(((ARG*0.5)**NORD)*(1.0+COSFAC-SINFAC))*(1.0/FL)
 
793 RETURN
 

END
 



SUBROUTINE HINTGR(NZ,H1,H2)

C... SUBROUTINE HINTGR CALCULATES HANKEL FUNCTIONS OF THE FIRST AND
 
C SECOND KIND FROM THE MODIFIED BESSEL FUNCTION (K) OF THE SECOND 
C KIND. 
C... INPUTS ARE N - INTEGER ORDER OF THE HANKEL FUNCTION 
C Z - COMPLEX ARGUMENT 
C OUTPUTS ARE HI - COMPLEX ANSWER (HANKEL FUNCTION OF THE FIRST KIND) 
C H2 '-COMPLEX ANSWER (HANKEL FUNCTION OF THE SECOND KIND) 

COMPLEX ZH1,H2,AJAYARGBK 
P1=3..14159265358979 
TWOIPI=.63661977236758134 
TfO=2.0000000000000000 
ONE=i.00000000000000 
ZE&O=O.000000000000000 
AJAY=CMPLX(ZERO,ONE) 
ARG=-AJAY*Z 
CALL BESK(ARG,N,BK,IER) 
IF(IER) 99209
 

9 PRINT 10, IER
 
10 FORMAT (25X,*IER =*19)
 

CALL EXIT
 
20 	TARG=FLOAT(N)*PI/TWO
 

Hl=-CMPLX(TWOIPI*SIN(TARG),TWOIPI*COS(TARG))*BK
 
H2=CONJG(Hi)
 
RETURN
 
END
 



SUBROUTINE BESK(X,N,BKIER)

C... SUBROUTINE BESK CALCULATES MODIFIED BESSEL FUNCTIONS (K) OF THE
 
C SECOND KIND. THIS ROUTINE HAS BEEN MODIFIED FROM THAT GIVEN IN THE
 
C I.B.M. SCIENTI-FIC SUBROUTINE PACKAGE (V. 2) TO INCLUDE COMPLEX 
C ARGUMENTS. 
C... INPUTS ARE X - COMPLEX ARGUMENT 
C N - INTEGER ORDER 
C OUTPUTS ARE BK - COMPLEX ANSWER 
C IER - ERROR CODE - 0 - NORMAL RETURN 
C I - THE ORDER (N) IS NEGATIVE 
C 3 - ABSOLUTE VALUE OF THE ARGUMENT 
C EXCEEDS 170. 
C 4 - ABSOLUTE VALUE OF THE ANSWER 
C EXCEEDS 10.**70. 

DIMENSION T(14)
 
COMPLEX XBKGO,G1,T,A,BC,GJX2J
 
T6O=2.000000000000000
 
CNE=1.O000000000000000
 
ZERO=O. 000000000000000000
 
BK=CMPLX(ZEROZERO)
 
IF(N)10,11,1
 

10 IER=1
 
RETURN

11 CX=CABS(X)
 
IF(CX-170.) 22,22,21
 

21 IER=3
 
RETURN
 

22 IER=O
 
IF(CX-4.5) 36,36,25
 

25 	A=CEXP(-X)
 
B=ONE/X
 
C=CSQRT(B)
 
T 1)=B
 
DO 26 L=2112'
 

26 T(L)=T(L-1)*B
 
IF(N-1) 27,29,27
 

C
 
C... COMPUTE KO USING POLYNOMIAL APPROXIMATION.
 
C
 

27 GO=A*(1.2533141373-.1566641816*T(1)+.0881112782*T(2)-.O913909546*T
 
1(3)+.1344596228*T(4)-.2299850328*T(5)+.3792409730*T(6)-.5247277331
 
2*T(7)+.5575368367*T(8)-.4262632912*T(9)+.2184518096*T(10)-.0668097
 
3672*T(l)+.O091893830*T(12))*C
 
IF(N) 10,28,29
 

Z8 BK=GO
 
RETURN
 

C-

C... COMPUTE K1 USING POLYNOMIAL APPROXIMATION.
 
C
 

29 G1=A*(1.2533141373+.4699927013*T(1)-.146,8582957*T(2)+.1280426636*T
 
1(3)-.1736431637*T(4) .2847618149*T(5)-4594342117*T(6)+6283380681
 
2*T(7)-.6632295430*T(8)+.5050238576*T(9)-.2581303765*T(10)+.0788000
 
3118*T(11)-.0108241.775*T(12))*C
 
IF(N-1) 10,30,31
 

30 BK=G1
 
RETURN
 



C 
,C... FROM KO, K1, COMPUTE"KN USING RECURRENCE RELATION*.
 
C 

31 	DO 35 J=2,N 
GJ=TWO*(FLOAT(J)-ONE) *G1/X+GO
 
IF(CABS.(GJ)-1.oETO) 33,33,32
 

32 	IER=4
 
GO TO 34
 

33 GO=G1
 
.35 GI=GJ
 
34 BK=GJ
 

RETURN
 
36 	B=X/TWO
 

A=.5772156649+CLOG(B)
 
C=B*B
 
IF(N-i) 37,43,37
 

C 
C.. COMPUTE KO USING SERIES EXPANSION.
 
C 

37 	GO=-A 
X2J=CMPLX (ONEiZERO)
 
FACT=ONE
 
HJ=ZERO
 
DO 	40 J=liO
 
RJ=ONE/FLOAT(J)
 
X2J=X2J*C
 
FAC T=FACT*RJ *RJ
 
HJ=HJ+RJ
 

40 GO=GO+,X2J*FACT*(HJ-A)
 
IF(N) 43,42,43
 

42 BK=GO
 
RETURN
 

C 
Co.. -COMPUTE K1 USING SERIES EXPANSION. 
C 

43 	X2J=B
 
FACT=ONE
 
HJ=ONE
 
G1.=ONE/X+XZJ*( .5 A-HJ)
 
DO 50 J=2,12
 
X2J=X2J*C'
 
RJ=ONE/FLOAT(J)
 
FACT=FACT*RJ*RJ
 
HJ=HJ+RJ
 

-50 GI=GI+X2J*FACT*(.5+(A-HJ)*FLOAT(J))
 
-IF(N-1) 31;52,31
 

52 	 BK=G1
 
RETURN
 
END
 


