APPENDIX 2. VERSIONS OF THE REFRACTIVE INDEX
SUBROUTINE (RINDEX)

This ray tracing program gains versatility Withdut sacrificing speed
by having several versions of some of the subroutines. For example,
the 8 versions of the refractive index subroutine allow the user to decide
for each ray path calculation whether to include or ignore various aspects
of the propagation medium such as the earth's magnetic field or collisions
between electrons and neutral air molecules.

If collisions are included, the user has the option of using the Apple-
ton-Hartree formula (which assumes a constant collision frequency) or the
Sen-Wyller formula (which assumes a Maxwell distribution of electron
energies and a collision frequency proportional to energy). The Sen-
Wyller formula is generally assumed to be more accurate, especially
in the lower ionosphere, but the Appleton- Hartree formula can often be
used with an effective collision frequency profile to save computer time.

When the effect of the earth's magnetic field is included and ray
paths are calculated near vertical incidence, a spitze (Davies, 1965, p.
202) often occurs in the ray path. (At a spitze, the usual formulas for
refractive index become indeterminate because the wave normal is paral-
lel with the earth's magnetic field and the wave frequency equals the
local plasma frequency.) Two versions of the refractive index subrou-
tine have been developed to calculate ray paths through a spitze. These
two versions will also work in the absence of a spitze, but the standard
versions are much faster.

The input to the refractive index subroutines is through blank com-
mon and common blocks /XX/, /YY/, and /ZZ/. Output is through com-
mon block /RIN/. The refractive index subroutine is called through the
entry RINDEX. The subroutine names are used only for user identifica-

tion. The following 8 versions of the refractive index subroutine are
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listed in this appendix:

a.

Subroutine AHWFWC (Appleton-Hartree formula
with field, with collisions)

Subroutine AHWFNC (Appleton-Hartree formula
with field, no collisions)

Subroutine AHNFWC (Appleton-Hartree formula
no field, with collisions)

Subroutine AHNFNC (Appleton-Hartree formula
no field, no collisions)

Subroutine BQWFWC (Booker Quartic with field,
with collisions)

Subroutine BQWFNC (Booker Quartic with field,
no collisions)

Subroutine SWWEF (Sen-Wyller formula with field)

Subroutine SWNF (Sen-Wyller no field)
Subroutine FGSW

Subroutine FSW

Fresnel integral function C

Fresnel integral function S

92

93

94

96

97

98

100

102

105
106
106
108
108



1

i

[TVRAN o

NOY L N

SUBROU
c
A
COMMON
COMMON

COMMON
COMMON

COMMON
COMMON
COMMON
EQUIVA
LOGICA
REAL K
COMPLE

JATA
(
(
(
(
{
,(
{
ENTRY
OM=PIT
C2=C*C
K2=KR*
oM2=0M
VR =C/
VTH=C/
VPH=C/
CALL E
CALL M
¥2=VR*
vooTY=
YLV=VD
¥YL2=V0D
Yrz=y*
YTL=YT
CALL C
U=CMPL
JX=U=X
UX2=UX
RAD=RA
D=2.*U
02=0%0

TINE A4AFHWC
ALCULATES THE REFRACTIVE INDEX AND ITS GRADIENT USING THE
PPLETON-HARTREE FORMULA WITH FIELD, WITH COLLISIONS
/CONST/ PI,PIT24PID2,DEGSsRADIANsK,CyLOGTEN
/RIN/ MODRIN(3) ,CO_LsFIELDySPACE.KAY24HPHPT 4PHPR,PHPTH,
PHPPHyPHPOMy PHPKR s PHPKTH  PHPKPH s KPHPK y POLARy LPOLAR
FXX/ MOIDX(2Z2) 4XsPXPRyPXPTH,PXPPHPXPT,HMAX

WFWCO001
WFWCO02
WFWCO0D3
WFWCOO04
WFWCO005
WFWGCO006
WFWCOO07

FYY/ MODY,Y,PYPR,PYPTH,PYPPH,YR,PYRPR,PYRPT,PYRPP,YTH,PYTPRWFWCO08

+PYTPT ,PYTPP, YPH,PYPPR,PYPPT, PYPPP
/Z27 MODZ4Z,PZPR4PZPTH,PZPPH
RyTHy PHy KR, KTHsKPH  /MW/ IDC10),W0,W(400)
/RK/ Ny STEP,MODEsE4MAX,E1MIN,E2MAX E2MIN,FAGT,RSTART
LENCE (RAY,W(1)) 4(F,H(6))
L SPACE
ReKTHy KPH,K?2
X N24PNPR,PNPTH; PNPPH, PNPVRy PNPVTH, PNPVPH NNP4PNPT,
POLARs LPOLAR,I;Us RAD D+ PNPPS ,PNPX ,PNPY s PNPZ 4 UX 4UX 2,02,
KAY2 34y PHPT ,PHPR, PHPTH, PHPPH s PHPOM, PHPKR , PHPKTH, PHPKPH,
KPHPK
MODRIN=8HAPPLETON,8H-HARTREE ,8H FORMULA) 4 (COLL=1.),
FIELD=1.),
X=0e)s (PXPR=0.), (PXPTH=04)y (PXPPH=0.) 4 (PXPT=04) o
Y=0e) 9 (PYPR=04) s (PYPTH=04)y (PYPPH=0 ) (YR=04) 5 (PYRPR=04),
PYRPT=04) y (PYRPP=04.), (YTH=04), (PYTPR=0.) 5 (PYTPT=04.),
PYTPPz04) s (YPH=0.) s (PYPPR=0.), (PYPPT=0,) , (PYPPP=0,)
Z=04) 5 (PZPR=04) 5 (PZPTH=04) 4 (PZPPH=0.),
I=(04r1e))y (ABSLIN=1.E=5)
RINDEX
2%1.EB*F

KR+KTH*KTH+KPH*KPH
*0H

OM*KR

OM*KTH

OM*KPA

LECTX

AGY
F2+VTHER2+yPH*®2
VR*YR+VTH*YTH+VPH*YPH
0TY/ZV2

oTY®*®2/¥2

*2-YL2

2%YT12

OLFRZ

X(le9=2)

*yx _
Y*CSART(YT4+4.%YL2%UX2)
*UX-YT2+RAD

N2=1.=2.*X¥*UKX/D

PNPPS=
PPSPR

PPSPTH
PPSPPH

PNPY=2
PNPZ=1
PNPR =
PNPTH=

2o FXPUK*(-1.+(YT2=-2.,%UX2)/RAD} /02

=YLZ2/Y*PYPR = (VR*PYRPR+VTH*PYTPR+VPH*PYPPR)*YLV

=YL2/Y*PYPTH=(VR¥PYRPT4VTH¥PYTPT +VPH*PYPPT)®YLV

=YL2/Y¥PYPPH=-(VR*PYRPP+VTH*PYTPP+VPH¥PYPPP) *YLV
PNPX==(2.¥UFUX2=YT2¥ (U=2.*X) +(YTL®{U=-2.%X) +4,.*YL2TUX*UX2) F/RAD) /D2

SEXFUX®(=YT2+(YT442,#YL2%UX2) /RAD)/ (D2*Y)

BX¥ (=2, FUX2-YT2+YT4/RADY /D2

PNPX*PXPR +PNPY¥PYPR +PNPZ¥PZPR +PNPPS*PPSPR
PNPX*PX>TH+PNPY*PYP TH+PNPZ*PZPTH+PNPPS*PPSPTH

PNPPH=PNPX*PXPPH+PNPY*PY?PH+PNPZ*PZPPH+PNPPS*PPSPPH

PNPVR
PNPVTH
PNPVPH

=PNPPS¥ (VR *YL2/V2-YLV*YR )
=PNPPS*(VTH*YLZ2/V2=-YLV*YTH)

=PNPPS* (VPH®YL2/V2=-YLV*YPH)

NNP=NZ2=(2 . *X*PNPX+Y¥PNPY+Z*PNPZ)
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WFHWCO09
WFHCO10
WFHCO01d
WFHCO012
WFWCO013
WFHCO14
WFHCO015
WFWCO01i6
WFWCO017
WFHCO18
WFWCO019
WFWC020
WFWCO021
WFKWC022
WFWCO023
WFHCO024
WFHC025
WFHCO026
WFHC 027
WFHCO028
WFWC029
WFWCO030
WFHCO031L
WFWC032
WFHCD033
WFHCO34
WFHC035
WFHCOD36
WFHCO037
WFHCO038
WFRC039
WFHCO&LO
WFHCOL1
WFHCO042
WFHCO43
WFHCO4Y
HFHCO45
WHFHCO046
HFHC0&T
WFW G048
WFHCO049
WFHCO0S50
WFWCO051
WFWC052
WFWC053
WFHCOS4
HFHC055
WFWC056
HFWCO57
WFWC058
HFWC059
WFHC 060
WFWC061
WFWC 062
WFWC063
WFWCO064L
HFWCO065



1

PNPT=PNPX*PXPT

SPACE=REAL (N2) +EQ.1..AND.ABS(AIMAG(N2) )L T.ABSLIM
POLAR==I*SQRT(V2)} ¥ (-YT2+A0) /(2.*VDOTY*UX)
3AM=(-YT2¢RAD) / (2.*UX)
LPOLAR=T*X*SQRT(YT2)/ (UX* CU+GAM))
KAY2=0M2/C2¥N2

IF(RSTART.EQ.0.) GO TO 1

SCALE=SART (REAL(KAY2) /K2)

KR =SCALE*KR

KTH=SCALE®*KTH

KPH=SCALE*KPH

CONTINUE

Cr¥vrxvevrss CALCULATES A HAMILTONIAN H

H=. 5% (C2%K2/0M2-N2)

Ceevrevvr¥ AND LTS PARTIAL DERIVATIVES WITH RESPECT TO
Cerexswvvsr TIME, Ry THETA, PHI, OMEGA, KRy KTHETA, AND KPHI,.

1
2
3

1

@ ™NU Y E W

PHPT ==PNPT
PAPR ==PNPR
PHPTH==PNP TH
PHPPH==PNPP4
PHPOM=~NNP/OM
PHPKR =C2/0M2*KR -C/OM*PNPVR
PHPKTH=C2/0M2* K TH=-C/OM*PNPVTH
PHPKPH=C2/0M2*KPH-C/OM* PNPVPH
KPHPK=N2
RETURN

END

SUBROUTINE AHWFNC

CALCULATES THE REFRACTIVE INDEX AND ITS GRADIENT USING THE

APPLETON-HARTREE FORMULA WITH FIELD, NO COLLISIONS
COMMON /CONST/ PIL,PIT2,PID240DEGSyRADIANsK,C5LOGTEN
SOMMON /RIN/ MODRIN(3) 4COLL,FIELO,SPACE,KAY2,KAY2I,

WFHCOD66
WFWCO067
WFHCO068
WFWCO069
HWFHCO070
WFWCO71
WFWCO072
WFWCO073
WFHCO74
WFHCO075
WFHCO076
WFHCO77
HFWCO78
WFWGCO79
WFWC080
WFWCO081
WFWCO082
HFHCO083
WFHCO84
WFHC08S
WFHC086
HFRCO087
WFHCO088
WFHC089
WFRC090
WFHCO091
WFHCO092

WFNCOO01
WFNCO002
WFNCO03
WENCOO&
WFNCO00S

HyHI 3 PHPT4PHPTI, PHPRyPHPRI,PHPTH,PHPTHI ;PHPPH, PHPPHIWFNC00&
s PHPOMy PHPOMI s PHPKR ¢ PHPKRI yPHPKTH, PHPKTI,PHPKPH, PHPKPIWFNCOQ7

s KPHPK s KPHPKI s POLARyPOLARI 4LPOLAR, LPOLRI, SGN

COMMON /XX/ MODX(2) 4XsPXPR,PXPTH,PXPPH PXPT,HMAX

HFNCO008
WFNC009

COMMON /YY/ MOODY,Y3PYPRyPYPTHyPYPPHs YRsPYRPRyPYRPT,PYRPP, YTH,PYTPRHFNCO10

sPYTPT,PYTPP,YPH, PYPPR, PYPPT,PYPPP
COMMON /ZZ/ MODZ,Z (&)

COMMON /RK/ Ny STEP,MODEsE1MAX,ELMIN,E2MAX ,E2MIN,FACT,RSTART

SOMMON RoTHyPH,KRsKTH, KPH /RAW/ 10(10)4WO,H(400)
EQUIVALENCE (RAY W(1)) ,(F,H(6))
LOGICAL SPACE

REAL KRoKTHyKPHsK29KPHPKy KPHPKI KAY2,KAY2I9 N2y NNPyLPOLARyLPOLRI

DATA (MODRIN=BHAPFLETONy8H-HARTREE,8H FORMULA) 4 (COLL=0.),
(FIELO=1¢) 3y (KAYZ2I=04) s (HI=0a) 3 (PHPTI=0.) » (PHPRI=0.),
(PHPTHI=0.)y (PHPPHI=[.) y (PHPOMI=0.) 4 (PHPKRI=0.) 4 (PHPKTI=0.)

(PHPKPI=0.) ¢ (KPHPKI=0.) s (POLAR=0.)s (LPOLAR=04),
(X=0a)y (PXPR=0c)y (PXPTH=0.:) s (PXPPH=0.) 4 (PXPT=0s)»

(Y=0.)s(PYPR=0.) 3 (PYPTH=04) 3y (PYPPH=0.:)4 (YR=0.)5 (PYRPR=0.),
(PYRPT=0.) 3 {PYRPP=0.) 3y (YTH=0.) 3y (PYTPR=0.) y (PYTPT=0.1,
(PYTPP=0e) s (YPH=0.) 3 (PYPPR=0.) 4y (PYP2T=0.), (PYPPP=0.),

(MODZ=1H ), (U=1.)
ENTRY RINOJEX
ON=PIT2%1.EB%*"
cz2=C*C
K2=KR*KR+KTH*KTH+KPH*KPH
IM2=0M*0OM
¥R =C/0M*KR
VIH=C/OM*KTH
VPH=C/0M* <P+
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WFNCO11
WFNCO012
WFNCO013
HFNCO1i&
WFNCO015
WFNCO01i6
WFNGO017
WFNCO18
WFNCO019
WFNCO20
WFNCO021
WFNCD22
HFNC023
WFNCO24
WFNCO025
WFNCO026
WFNCO027
WFNCO28
WFNC029
WFNCO30
WFNCO031
WFNC032
WFNC033
WFNCO34



CALL ELECTX WFNC035

CALL MAGY WFNC036
V2=VR¥*2+VTH**2+VPH**2 WFNC037
VOOTY=VR*YR+VTH*YTH+VPH*YPH WFNCD38
YLV=vVDOTY/ V2 WFNC039
YL2=vDOTY®**2/v2 WFNCO4O
YT2=y®®2-yL2 WFNCO41
YTu=YT2*%YT2 WFNC 042
Ux=u=x WFNCO43
Uxz=ux*ux WFNCO&44
RAD=RAY®*SART(Y T4+ 4. *YL2¥UX2) WFNCOL4LS
D=2.%UX-YT2+RAD WFNCO46
02=0*0 WFNCO47
NZ2=1.=-2.%X*UX/0 WHFNCO&48
PNPPS=2.*X*UX® (-1.+(YT2-2.*UX2) /RAD) /02 WFNCO49
PPSPR= YL2/Y*2YPR =(VR*PYRPR+VTH*PYTPR+VPH*PYPPR)*YLV WFNCOS50
PPSPTH=YL2/Y*PYPTH-(VR¥*PYRPT+VTH*PYTPT +VPH*PYPPT) *YLV WFNCOS51
PPSPPH=YLZ/Y*PYPPH=-(VR*PYRPP+VTH*PYTPP+VPH*PYPPP) *YLV HFNC052
PNPX==(2.FUK2=-YT2% (U=2.%X) + (YTL*(U-2.%X) +4,*YL2*UX*UX2)/RAD) /D2 WFNCO053
PNPY=2, *X*UX® (-YT2+(YTL+2 . *YL2¥UX2) /RAD)/ (D2%Y) WFNCOS54
NNP=NZ2= (2. *X*2NPX+Y*PNPY) WFNCO055S
PNPR =PNPX*#PXPR +PNPY®*PYPR +PNPPS*PPSPR WFNCO056
PNPTH=PNPX*PXPTH+PNPY*PYPTH+PNPPS*PPSPTH WFNCO057
PNPPH=PNPX*PXPPH+PNPY®*PYPPH+PNPPS*PPSPPH ©  WFNCO0S58
PNPVR =PNPPS*{VR *YL2-VDOTY*YR )/v¥v2 WFNCO059
PNPVTH=PNPPS®* (VTH®*YL2-VDOTY*YTH)/V2 WFNCO060
PNPYPH=PNPPS® (VPH* YL2-VDOTY*YPH)/V2 WFNCO61L
PNPT=PNPX*PXPT WFNC062
SPACE=NZ2.EQ.1l. WFNCO063
POLARI=SQRT(V2)*{(YT2-RAD) /7 (2.*VDOTY*UX) WFNCO6L
GAM=(-YT2+RAD) / (2.%UX) HFNC065
LPOLRI=X*SQRT(YT2) 7/ (UX*(U+GAM)) WFNC066
KAY2=0M2/C2%N2 WFNCO67
IF(RSTART.EQ.0.) GO TO 1 WFNC0638
SCALE=SQRT (KAY2/KZ2) WFNCO069
KR =SCALE¥KR WFNCO70
KTH=SCALE®*KTH WFNCOT71
KPH=SCALE®*KPH WFNCO072
1 CONTINUE WFNCO073
Ce¥exvrsrvs CALCULATES A HAMILTONIAN H WFNCO74
H=.5¥ (C2¥K2/0M2-N2) WFNCO75
C¥svrrwvvv® AND ITS PARTIAL DERIVATIVES WITH RESPECT TO WFNCO076
C¥#¥¥r3ve® TIME, Ry, THETA, PHI, OMEGA, KR, KTHETA, AND KPHI. WFNCO77
PHPT ==-PNPT WFNCO078
PHPR ==-PNPR WFNCO073
PHPTH==PNPTH WFNCO080
PHPPH==PNPPH WFNCO081
PHPOM=-NNP/OM WFNC082
PHPKR =C2/0M2¥KR -C/OM*PNPVR WFNCO083
PHPKTH=C2/0M2*KTH-C/0OM*PNPVTH HFNCO84
PHPKPH=C2/0M2*KPH~C/0M*PNPVPH WFNC085
KPHPK=NZ2 WFNCO086
RETURN WFNCO087
END WFNCO088 -
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SUBROUTINE A4NFHWC NFWCO10
c CALCULATES THE REFRACTIVE INDEX AND ITS GRADIENT USING THE  NFWCO1i
c APPLETON-HARTREE FORMULA -- NO FIELD, WITH GOLLISIONS NFNCO012

SOMMON /CONST/ PI,PIT2,PI22,DEGS,RADIAN,K,CsLOGTEN NFWC013

COMMON /RIN/ MODRIN(3) ,COLL,FIELDySPACE,KAY2,H,PHPT,PHPR, PHPTH,  NFHCO14

1 PHPPH,PHPOM, 2HPKRy PHPKTH, PHPKPH, KPHPK ,POLAR, LPOLAR, NFWCO15
2 SGN NFWCO16
COMMON /XX/ MODX(2),X,PXPR,PXPTH,PXPPH,PXPT,HMAX NFHCO17
COMMON /YY/ MODY,Y (16) NFWC018
COMMON /ZZ/ MODZ+Z+,PZPRyPZPTH,PZPPH NFWCO019
COMMON /R</ NySTEP,MODE,EL1MAX,E1MIN, E2MAX ,E2MIN,FACT,RSTART NFHCO020
COMMON RyTHyPHsKRyKTHyKPH  /WN/ I0(10) WO, W (400) NFWCO021
EQUIVALENCE (RAY,W(1)),(F,W(B)) NFWC022
LOGICAL SPACE NFHCO023
REAL KRoKTH,KPH,K2 NFWCO24
COMPLEX KAY24H,PHPT,PHPR,PHPTH,PHPPH,PHPOM,PHPKR,PHPKTH, PHPKPH,  NFHWC025
1 KPHPKs P OLAR,LPOLAR,U,T,PNPX,PNPZ, NFHC026
2 N2 yPNPRy PNPTH, PNPPH, PNPVRy PNPV TH, PNPVPH,NNP, PNPT NFHC027

DATA (4ODRIN=BHAPPLETON,8H-HARTREE :8H FORMULA) ,(COLL=1.), NFHC028
1 (FIELD=04)y (POLAR=(0431.)) y (LPOLAR=(04304)), NFWCO029
2 (X=04)y (PXPR=0.)y (PXPTH=0.), (PXPPH=0.) , (PXPT=04.) 4 NFWC030
3 (MODY=1H ), NFWCO31
4 (Z=0.)y (PZPR=0.), (PZPTH=0.); (PZPPH=0.), NFHCO032
5 (I=00.910)) (ABSLIM=1,E=5) y (PNPVR=04), (PNPVTH=0.) , (PNPVPH=0.)NFWC033

ENTRY RINDEX NFHCO34

ON=PIT2*1.E6*F NFHCO035

=C*C NFHCO36

K2=KR*KR+KTH*K TH+KPH*KPH NFWC037

OM2=0M*OH NFHCO38

VR =C/OM*KR NFKCO039

VTH=C/OM*KTH NFWCO40

VPH=C/OM*KPH NFHCOG41

CALL ELECTX NFHCO42

CALL COLFRZ NFRCO43

Usi.-I*Z NFWCOL4

N2=1.-X/U NFHCO4S

PNPX==14/ (2. *U) NFHC 046

PNPZ==I*X/ (2.%U**2) NFHCOLT

NNP=N2= (24 *X *PNPX + Z*PNPZ). NFHCO48

PNPR =PNPX*PXPR +PNPZ¥PZ3R NFWC049

PNPTH=PNPX*PKPTH+PNPZ*PZ2TH NFHCO50

PNPPH=PNPX*PXPPH+PNPZ*PZP >H NFHCO51

PNPT=PNPX*PXPT NFHCO52

SPACE=REAL (N2) +EQs1.+.AND. ABS (ATMAG (N2) ) s LT.ABSLIM NFHCO53

KAY2=0M2/C2%N2 NFWCO54

IF (RSTART.EQ.D.) GO TO 1 NFRC055

SCALE=SQRT (REAL (KAY2) /K2) NFHCO56

KR =SCALE*KR NFHCOS7

KTH=SCALE®KTH NFWC058

KPH=SCALE*KPH NFHCO59

1 CONTINUE NFHCO60
Ceeerexvsx CALCULATES A HAMILTINIAN H NFHCO061
4=.5%(C2%K2/042-N2) NFHC062
C¥¥s¥¥wxxs ANQ ITS PARTIAL DERIVATIVES WITH RESPECT TO NFHC063
Ce®erxrvvir TIME, R, THETA, PHI, OMEGA, KR, KTHETA, AND KPHI. NFHCO64

PHPT ==PNPT NFHCO65

P4PR =-PNPR NFHCO066

PHPTH==PNPTH NFRCO67

PHPPH==PNPPH NFWC068

PHPOM==NNP/OH NFHC069

PHPKR =C2/0M2*KR NFHCOT70

PHPKTH=C2/0M2*KTH NFWCO71

PHPKPH=C2/0M2*KPH NFHCO72

KPHPK=N2 NFHCO73

RETURN NFHCO74

END NFHCQ75-
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SUBROUTINE AHNFNC NFNCOO01

C CALCULATES THE REFRACTIVE INDEX AND ITS GRADIENT USING THE NFNCQ02
C APPLETON-HARTREE FOMULA =-- NO FIELD, NO COLLISIONS NFNCO003
COMMON /CONST/ PI,PIT2,PID2,0EGS,RADIANsK4C4LOGTEN NFNCOO &
SIMMON /RIN/ MOORIN(3),CIOLL,FIELD,SPAGCE,KAYZ2,KAYZ2I, NFNCOO05

1 HeHI,PHPT,PHPTI,PHPR, PHPRI, PHPTH, PHPTHI , PHPPH,PHPPHI,NFNCO0B

2 PHPOM, PHPOMI  PHPKR,PHPKRI yPHPKTH, PHPKTI,PHPKPH, PHPKPINFNC0O0O7

3 » <PHPK,KPHPKI, POLAR,POLARI4LPOLAR, LPOLRI,SGN NFNCO008
COMMON /7XX/ MODX(2) yXsPXPRyPXPTH;PXPPH,PXPTsHMAX NFNCO09
COMMON 7YY/ MODY,Y(16) /Z2Z/ MODZLZ(4) NFNCO10
COMMON /RK/ NySTEP,MODE,Z1{MAX,E1MIN,E2MAX,E2MIN,FACT,RSTART NFNCO11
COMMON RsTHyPHyKRKTHyKPH ZHW/ TI0(10)sRG,W(400) NFNT012
EQUIVALENCE (RAY,W(1)),(FsH(6)) NFNCO13
LOGICAL SPACE NFNCO14
REAL N2 yNNPyKRyKTH KPH,K2 4 KPHPK,KPHPKI KAY2,KAY2I,LPOLAR, LPOLRI NFNCO015
DATA (MODRIN=BHAPPLETON,84-HARTREE,8H FORMULA) 4 (COLL=0.), NFNCO1i6

1 (FIELD=04),y (KAY2I=04) 5 (HI=0.) , (PHPTI=0.), (PHPRI=0.), NFNGCO17

2 (PHPTHI=0.) s (PHPPHI=0.) y (PHPOMI=0.) y (PHPKRI=(0.), (PHPKTI=0.), NFNC018

3 (PHPKPI=04) » (KPHPKI=0.) s (POLAR=0.) s (POLARI=1.),(LPOLAR=04}y NFNCO019

4 (LPOLRI=1.), NFNCOZ20

& (X=0.)y (PXPR=04) 4 (PXPTH=0.) 4 (PXPPH=0.) 4 (PXPT=0.), NFNCO21

3 (MDDY=1H ), (MODZ=1H ), NFNCO0Z22

3 (NNP=1.) 4 (PNPX==0.5) 5 (PNPVR=0.) 4 (PNPVTH=0.), (PNPVPH=0,) NFNCO023
ENTRY RINDEX NFNCO024
IM=PIT2%1.EB*F NFNC025
¢c2=Cc*C NFNC0Z26
K2=KR¥KR+KTH*¥*KTH+KPH*KPH NFNCO27
OM2=0M*0M NFNCO28

YR =C/0M*LR NFNCO029
VTH=C/0M*{TH NFNCO030
VPH=C/0M*KPH NFNCO031
CALL ELECTX NFNC032
PNPR =PNPX*PXPR NFNCO033
PNPTH=PNPX*PXPTH NFNGCO34
PNPPH=PNPX*PXPPH NFNC035
PNPT=PNPX*PXPT NFNCO036
NZ=1.=X NFNC037
SPACE=NC.EQ.1.» NFNCO38
KAY2=0M2/C2%N2 NFNCO039
IF(RSTART.EQ.0.) GO TO 1 NFNCO4LO
SCALE=SIART (KAY2/K2) NFNC 041

KR =SCALE*KR NFNCO42
KTH=SCALE®*KTH NFNCO43
KPH=SCALE®*KPH NFNCOGLL

1 CONTINUE NFNCO4S
C#¥wx¥vs¥¥ CALCULATES A HAMILTONIAN H ’ NFNCO&4®
H=.5%(02%*K2/042~-N2) NFNCO4L7
Ceserrvs¥® AND ITS PARTIAL DERIVATIVES WITH RESPECT TO NFNCO48B
C¥e¥¥¥®e3% TIME, R, THETA, PHI, OMEGA, KR, KTHETA, AND KPHI. NFNCO49
PHPT ==PNPT NFNCOS0
PHPR ==PNPR NFNCOS1
PHPTH==PNPTH NFNC052
PHPPH==PNPPH NFNCO053
PHPOM==NNP/0OM NFNCOS5&
PHPKR =C2/0M2*KR NFNCO055
PHPKTH=C2/0M2*KTH NFNC056
PHPKPH=C2/ 0M2*KPH NFNCOS7
KPHPK=NZ NFNCO058
RETURN NFNC059

END NFNCO060
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SUBROUTINE BQWFHWC BQWCO01

C¥erxvvers CALCULATES A HAMILTONIAN H 8QWCOo02
C¥erx¥s¥rs (= BOOKER QUARTIC FOR VERTICAL INCIDENCE, S=0, C=1) BQWCO003
Cevvsvexx® ANO ITS PARTIAL DERIVATIVES WITH RESPECT TO BQWCOO0&
Crev*sve®x TIME, 1, THETA, PHI, OMEGA, KR, KTHETA, AND KPHI. BQWCO0O0S
C¥¥®xwx¥¥* WITH FIELD, WITH COLLISIONS BAWCO006
COMMON /CONST/ PI,PIT2,PI02,0EGS,RADIAN,K,CyLOGTEN BQWCO007
SIHMMON /RIN/ MOORIN(3)+COLL,FIELDySPACE,KAY2,H,PHPT,PHPR, PHPTH, BQWCO0O08
1 PHPPH,PHPOMy PHPKR y PHPKTH, PHPKPH s KPHPK,POL AR, LPOLAR, BQWCO009
2 SGN BQWCO010
COMMON /XX/ MODX(2)4X4PXPRyPXPTHy PXPPH,PXPTosHMAX BQWCO11
COMMON /YY/ MOOY,Y,PYPR,PYPTH,PYPPH, YRyPYRPR,PYRPT,PYRPP,YTH,PYTPRBAWCO12
1 +PYTPT 4 PYTPP,YPH,PYPPR,PYPPT,PYPPP BQWC013
COMMON /2ZZ/ MJDZ+.Z,PIPR,PZPTH,PZPPH BAWCO14
COMMON Ry THyPHy KRy KTHsKPH FWW/ ID(10),WO,W(400) BQWCO15
COMMON /RK/ Ny STEP,MODE,ELMAX,ELMIN,E2MAX,E2MIN,FACT,RSTART BAQWCO1i6
SOMMON /FLG/ NTYP,NEWWR,NEWWP,PENET,yLINES,IHOP,HPUNCH BAWCO017
EQUIVALENCE (RAY, W (1)) (F,H(B)) BQWCO018
LOGICAL SPACE BQWCO019
REAL KRyKTHyKPHyK24KDOTY,<4,KDOTY2 BQWCO020
COMPLEX KAY2344PHPT4PHPRyPHPTHPHPPH,PHPOM,PHPKR,PHPKTH,PHPKPH, BAWCO021
1 POLARy LPOLARs I UsRAD+DyPNPPS,PNPX,PNPY,PNPZ,UX,UX2,02, BaWcozz2
2 KPHPKyU2yA yByALPHA,BETA,GAMMA, PHPX,PHPY2,PHPK2 PHPU, PHPZ, BQWC023
3 N2 sPNPRy PNPTH,PNPPH, PNPVRy PNPVTH, PNPVPH ,NNP, PNPT BQWCO24&
DATA (MODRIN=8HBOOKER QyB8HUARTIC, 48HS=0, C=1),(COLL=1.), BQWCQ25
1 (FIELD=1.), BAWCO026
2 (X=0e)y (PXPR=0.)y (PXPTH=04), (PXPPH=0.)y (PXPT=0,), BAWCO027
3 (Y=0e)y (PYPR=0.) 3y (PY2TH=0.) 4 (PYPPH=0.) 3 (YR=04) y (PYRPR=0.), BQWCO28
4 (PYRPT=0e) 4 (PYRPP=04) 4 (YTH=04) 4 (PYTPR=0.) 4 (PYTPT=0.), BQWCO029
5 (PYTPP=0e) s (YPH=0.), (PYPPR=04) 3 (PYPPT=0,) 4 (PYPPP=0,) BAWCO030
] 1 (Z=0e) s (PZPR=04) 4y (PZPTH=0.) 9 (PZPPH=04), B8QWCO031
7 (I=(0es91e)) 3 (ABSLIM=1.E=-5) 4(SGN=1,) BAWCO32
ENTRY RINDEX BQWCO33
OM=PIT2%1.E6*F BAWCO034
G2=C*C BAWCQ35
K2=KR*KR+KTH*KTH+KPH*KPH BQWCO036
OM2=0M*0OM BQWC037
CALL ELECTX BQWCQ38
IF(XeLTeol) GI TO 2 BQKWCO039
K4=K2*K2 BQWCOLO
OML=0M2*0M2 BAWCO&L1
Ck=C2*C2 BQWCO042
CALL MAGY BQHCO043
Y2=Y*Y BAWCOLL
KDOTY=KR*YR+KTH*Y TH+KPH*Y PH BAWCO045
K00TY2=KDOTY *KDOTY BQWCOLGE
CALL COLFRZ BAWCO47
UsCMPLX (1.,4=2) BQWCO4S8
uz=u*u BQRWC 049
UX=U=X BQWCOS0
Uxz=uUxsux BQWCO51
A=uXx®uz-ut*y2z BAWCO0S2
=2, FURPUX2+Y2¥ (2 . *U=-X) BQWCO53
ALPHA=A*CL*K4+XFKDOTY2*C4*K2 BQWC 054
3ETA=B*C2%0N2*K2-X*KDOTY2*C2%0M2 BAWC055
GAMMA=(UX2-Y2) *UX*0OM4 BAWC0S6
H=ALPHA+BETA+>AMMA BQWCOS7
PHPX==-U2*C4*K4+KDOTY2*CL* K2+ (4 . *U*UX-Y2) *C2*0OM2*K2-KDOTY2*(C2*0M2+ BQWCO058
1 (=3.%UX2+Y2)*0M4 BAWCO059
PHPY2==U*C4*K4t+(2.%U=-X)*C2*OM2*K2-UX*O MY BQWCO60
PHPKY2 =X*C2*(C2*K2-0M2) BQWC 061
PHPU= (2., *URUX+U2-Y2) FCL"KL+2 . F(Y2-UX2-2.%UTUX) *C2¥K2*¥0OM2+ (3. *¥UX2 BAWCOB2
1 =Y2)*0M4 BQWC063
PHPZ=-I1%*PHPU BAWC 064
PHPK2=2 . *A*JL*K2+X*KDOTY2*CL+B*C2*¥0OM2 BQWCO065
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PHPTSPHPX*PXPT
PHPR =PHPX*PXPR +PHPY2%2.%Y*PYPR #PHPKYZ *2.%KDOTY*

1 (KR*PYRPR+KTH®*PYTPR+KPH*PYPPR) #PHPZ*PZPR

PHPTH=PHPX*PXPTH+PHPY2%2, *Y*PYPTH+PHPKY2 *2,¥KDOTY*®

1 (KR*PYRPT+{TH*PYTPT+KPH*PYPPT) +PHPZ*PZPTH

PHPPH=PHPX*PXPPH+PHPY2¥2. *Y*PYPP{+PHPKY2 *2.*KDOTY¥*
1 (KR¥PYRPP+KTH¥PY TPP+KPH*PYPPP) +PHPZ*PZPPH
PHPOM=(2."BETA+4.*GAMMA) / OM
L =2.%PHPX*X/0QM-2.*PHPY2*Y2/0M-2.*PHPKY2 *KOOTY2/0M -PHPZ*Z/0M
PHPKR= 2.*PHPK2*KR +2,*KJOTY*PHPKYZ2 *YR
PHPKTH=2.*PHPKZ2*KTH+2 . *KDOTY*PHPKY2 *#YTH

PHPKPH=2 . *PHPK2*KPH+2.*KJJITY*PHPKY2 *YPH

CAY2=K2* (~BETA+ SGN¥RAY*CSQRT(3ETA®**2-4 , $ALPHA*GAMMA)}) /(2.% ALPHA)

IF(RSTART.EQ.0.) GO TO 1

SCALE=SQRT ({-REAL (BETA)+35N*RAY*SQART (REAL (BETA) **2
1 ~4o¥REAL(ALPHA)*REAL(GAMMA)))/ (2.*REAL(ALPHA)))
{R =SCALE*KR

KTH=SCALE®*KTH

KPH=SCALE*KPH

SONTINJE

Cewerevves THE FOLLIOWING 3 CARDS USED FOR RAY TRACING IN GOMPLEX SPAGE

C
c
c

~n

IF (CABS ((-BETA=-SGN®RAY*CSQRT (BETA®#2 -4 *ALPHA*GAMMA) ) /ALPHA=2« ) «
LLT.CABS((-BETA+SGN*RAY*CSART (BETA**2-4 ,*ALPHA* GAMMA) ) FALPHA=2.)
2 AND.RSTART.EQ.0.) SGN=-SGN

KPHPK=4 . *AL?HA+2 . ¥ BETA

SPACE=CABS(C2*KAYZ/0M2-1.) .LT.ABSLINM

POLAR =SGRT(K2)*{U+X*¥OM2/ (C2*KAY2-0M2))/KDOTY* I

LPOLR = SQRT(Y2 -KDOTY2/K2) /UX* (1.-C2*KAY2/0M2) ¥

RETURN

CALCULATES THE REFRACTIVE INDEX AND ITS GRADIENT USING THE
APPLETON-HARTREE FORMULA WITH FIELDs WITH GOLLISIONS

SONTINUE

VR =C/0M*KR

VTH=C/OM*KTH

VPH=C/ON*KPH

CALL MAGY

V2=VR**2+VTH®* 24V PH**2

VOOTY=VR*YR+VFH*YTH+VPH?YPH

YLV=VDOTY/V2

YL2=VDOTY**2/y2

YT2=Y*%2-YL2

YT4=YT2%YT2

CALL COLFRZ

U=CMPLX {1a¢=2)

Ux=u=-x

UX2=UX* ux

RAD=SGN*RAY*CSQRT (YT4+k.*YL2%UX2)

D=2,.*U¥ UX-YT24RA0

02=0%D

NZ2=1.-2.*X*Ux/0

PNPPS=2 . *X*UX¥ (=1.+(YT2=2.*UX2) /RAD) /D2

PPSPR= YL2/Y®PYPR =-(VR*PYRPR+VTH*PYTPR+VPH*PYPPR) *YLV

PPSPTHSYL2/Y®PYPTH=(VR*PYRPT+VTH*PYTPT+VPH*PYPPT) *YLV

PPSPPH=YL2/Y*PYPPH= (VR*PYRPP+WTH*PYTPP+VPH*PYPPP) *YLV

PNPX== (2, PUPUX2=-YT2% (U=2.*X) + (YTH* (U=2,%X) ¢+4,*YL2*UX*UX2) /RAD) /D2

PNPY=24 *X*UX* (=YT2+(YTL+2,*YL2*UX2)/RAD) 7/ (D2%Y)
PNPZ=I*X* (=2,*UX2-YT2+YT4/RAD) /02

NNP=N2= (2. *X*2NPX + Y*PNPY+Z*PNPZ)

PNPR =PNPX*PXPR +PNPY*PYPR +PNPZ*PZPR +PNPPS*PPSPR
PNPTH=PNPX*PXP TH+ PNPY*PYPTH+PNPZ*PZP TH +PNPPS*PPSPTH
PNPPH=PNPX*PXPPH+PNPY*PYPPH+PNPZ*PZPPH+PNPPS*PPSPPH
PNPVR =PNPPS*(VR *YL2-VDOTY*YR )/V2
PNPVTH=PNPPS® (VTH* YL2~-VDOTY*YTH) /¥ 2

PNPVPH=PNPPS* (VPH*YLZ-VDOTY*YPH)/V2
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BAWC066
BQWCO067
BQWCO68
BQWC069
BRWCO70
BQWCOT71
BQWCO72
BAWCD73
BQWCOT4
BAWCO7S
BQWCO76
BQWCO77
BAWCO78
BAWCO79
BQKCO80
BQWCOB81
BQWCO82
BQWCOB3
BAWCO84
BAWCOBS
BAWCO086
BQWCO87
BQAWC088
BQWCO089
BQAWC090
BQWC091
BQWCO092
BQWC093
BQWC 094
BAWC095
BQWCO096
BAWCD97
BQWC098
B8QWC099
BAWC100
BQWC101
BQWC102
BAWC103
BAWCL04
BQWC105
BQWC106
BQWC107
BQWC108
BQWC109
BAWC110
BQWC114
BQWC112
BQWC113
BQWC 114
BQWC115
BAWC116
BAWC117
BQKC1i1i8
BQAWC119
BAWC120
BaWCi21
BAWC122
BQWC123
BQAWC124
BQWC125
BQWC126
BAWC127
BIKC128
BQWC129
B8AWC130



PNPT=PNPX*PXPT BAWC131
SPACE=REAL(N2) «EQs1..AND. ABS(AIMAG(N2) ) LT, ABSLIM BQWC132
POLAR==I*SQRT(V2) * (=YT2+RAD) 7/ (2.*VDOTY®*UX) BQWC133
GAM=(-YT2+RAD) /(2.%UX) BQWC134
LPOLAR=I*®*X*SQRT(YT2)/(UX* (U+GAM)) BQWC135S
KAYZ2=0M2/C2*%N2 BQWC136
IF(RSTART.EQ.0.) GO TO 3 BQWC137
SCALE=SQJRT (REAL(KAYZ2) /K2) BQWC138

KR =SCALE®KR BQWC139
{TH=SCALE®*KTH BQWC140
KPH=SCALE*KPH BAWC141

3 CONTINUE BQWC142
H=,5* (C2¥K2/042-N2) BQWC143
PHPT ==PNPT BAWC 144
PHPR ==PNPR BAWC14S
PHPTH==PNPTH BQWCi46
PHPPH=-PNPPH BQWC147
PHPOM==NNP/OM BAWC 148
PHPKR =C2/0M2*¥KR =-C/O0OM*PNPVR BQWC149
PHPKTH=C2/0M2*KTH-C/0M*PNPVTH BQWC150
PHPKPH=C2/OM2¥*KPH-C/OM*PNPVPH BQWC151
KPHPK=N2 BQWC152
RETURN BQWC153

END BQWC154
SUBROUTINE BQAFNC BANCOO01
Crewvsvreery CALCJLATES A HAMILTONIAN H BQNCQ02
C¥*®¥*wy¥s% (= BOOKER QUARTIC FOR VERTICAL INCIDENCE, S=0, C=1) BQNCOO03
Crevrreveys AND ITS 2ARTIAL DERIVATIVES WITH RESPECT TO B8QNCO04
Cre***¥¥¥¥* TIME, Ry THETA, PHI, OMEGA, KRy KTHETA, AND KPHI. BQANCOOS
Crev¥rvsss WITH FIELD, NO COLLISIONS BQNCOO&
GIMMON /CONST/ PI,PIT2,PID2,0EGS,RADIAN:K+CyLOGTEN BANCOO7
COMMON /RIN/ MODRIN(3) 4CILL4+FIELD.SPACE,KAY2,KAYZ2I, BQNCO0O8

1 HyHI yPHPTsPHPTI PHPRy PHPRIyPHPTH, PHPTHI 4 PHPPH,PHPPHI,BQNCODY

2 2HPQOMy PHPOMI s PHPKR s PHPKRI yPHPKTH, PHPKTI s PHPKPH, PHPKPIBQANC010

3 s KPHPKy KPHPKI y POLAR,POLARI,LPOLAR,y LPQLRT, SGN BQNCO11
COMMON /XX/ MOOX(2) 4XsPXPRyPXPTHyPXPPH,PXPTyHMAX B@QNCO12
COMMON 7YY/ MODY,Y,PYPR,PYPTH,PYPPH,YR,PYRPR,PYRPT,PYRPP,YTH,PYTPRBQNCO13

1 s PYTPTPYTPP,Y?H,PYPPR,PYPPT,PYPPP BANCO14
COMMON /ZZ/ MODZ,y2Z (4) BANCO15
COMMON /RK/ Ny STEP,MODE,EL1MAX,EL1MIN,E2MAX,E2MINsFACT4RSTART BQNCO1i6
COMMON RyTHyPH, KR, KTH, KP4 WM/ TI0(10),WO,W(400) BQNCO17
EQUIVALENCE (RAY,W(1)),(FyH(B)) BQNCO018
LOGICAL SPACE BQNCO019
REAL N2 ¢NNPy LPOLARy)LPOLARIsKRsKTHy KPHy K24 KDOTY s K&, KOOTY2, BQNCO20

i KPHPK s KPHPKI s KAY2,KAY2I B@QNCO21
DATA (MODRIN=BHBOOKER Q,BHUARTIC, ,8HS=0, C=1),(COLL=0.), BaNCozz

1 (FIELD=1.) sy (KAY2I=0e)y (HI=0c) s (PHPTI=0.), (PHPRI=0.), BANCO023

2 (PHPTHI=0.)y (PHFPHI=0.) s (PHPOMI=0.), (PHPKRI=0.), (PHPKTI=0.), BQNGO24

3 (PHPXPI=D4+)y (KPHPKI=0.) y (POLAR=0.), (LPOLAR=0.), BQNCO25

4 (X=0a) s (PXPR=04) 9 (PXPTH=0.) s (PXPPH=0.) s (PXPT=0.), BQNCO026

5 (Y=0e)y (PYPR=0c)y (PYPTH=0.:)y (PYPPH=0.)y (YR=0.) s (PYRPR=0.) BQNCO27

5 (PYRPT=0.) s (PYRPP=0.:) y (YTH=0o) 3y (PYTPR=04) s (PYTPT=0.) 8QNC028

7 (PYTPP=0.) y {YPH=0.)y (P¥YPPR=0.)y (PYPPT=0.)  (PYPPP=0.), BQNCO29

8 {(HO0Z=1H ),(U=1.) y(U2=1.) BQNCO30
ENTRY RINOEX BANCO31
OM=PIT2%1.E6%F BQNCO032
C2=Cc*C BQNCO033
K2=KR*KR+KTH*KTH+ KPH*KPH BANCO34
OM2=0M*0OM B8QNCO35
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CALL ELECTX BQNCO36

IF(XeLTeel) GO TO 2 BANC037
{4=K2*¥K2 BQNCO38
OM4=0M2¥0MH2 BQNC039
c4=0C2%C2 BANCO40
CALL MAGY BANCO41
y2=y*y BANCO42
KDOTY=KR*YR+KTH*Y TH+KPH®YPH BANCO43
KDOTY2=KDOTY *K0OOTY BANCO4&4
UX=U=x BQNC4S
UX2=UX*UX BANCO46
AZUX*UZ-U®Y2 BANCO47
B==2.%U%UX2+Y2* (2.%U=X) BANC 048
ALPHA=A*CG4*K4+ X*KDOTY2*C4*K2 BQNCO49
BETA=B*C2¥0M2¥K2=X*KDOTY2*C2%0M2 BANC OS50
GAMMA=(UX2-Y2) *UX*OM4 BANCO51
H=ALPHA+BETA+GAMMA BANCO52
PHPX==U2¥C4* 4 +KDOTY2*CL® K2+ (4. *UPUX=Y2) *C2¥OM2*K2-KDOTY2*C2*0M2 + BANCOS53
1 (=3.%UK24Y2)*0M4 o BANCO54
PHPY2==U¥CL¥ K4+ (2. *U=X) *C2%¥OM2*K2=UX* OMb BANCO55
PHPKY2  =X*C2*(C2*K2-0M2) BANCO56
PHPK2=2 . %A¥CL*K2+X*KDOTY2*C4 +BFC2%0M2 BANCO57
PHPT=PHPX*PXPT BQANCO058
PHPR =PHPX*PXPR +PHPY2¥2.*Y*PYPR +PHPKYZ *2,.*KDOTY* BANCO059
1 (KR*PYRPR+KTH#PYTPR+KPH*PYPPR) BANCO60
PHPTH=PHPX*PXPTH+PHPY2%2, *Y*PYPTH+PHPKY2 *2,*KDOTY* BQNCO61
1 (KR¥PYRPT+KTH*PYTPT+KPH*PYPPT) BANC062
PHPPH=PHPX*PXPPH+PHPY2¥2, *Y*PYPPH¢PHPKY2 *2,%KDOTY* BANC063
1 (KR®*PYRPP+KTH*PYTPP+KPH*PYPPP) BANCO64
PHPOM=(2.*BETA+4 . *GAMMA) / OM BANCO65
L =2.*PHPX*X/04-2.%PHPY2*Y2/0M-2.*PHPKY2 *KDOTY2/0M BANC066
PHPKR= 2.*PHPK2*KR +2.*KDOTY*PHPKYZ *YR BANCO067
PHPKTH=2.*PHPK2*KTH+2.*KDOTY*PHPKY2 *YTH BANCO68
PHPKPH=2.¥PHPK2 *KPH+2,*KDOTY*PHPKY2 *YPH BQNC069
KAY2 = K2  *(-BETA+RAY*SQRT(BETA**2-4.*ALPHA® GAMMA))/(2.*ALPHA) BQNCO70
IF(RSTART.EQ.0.) GO TO 1 BANCO71
SCALE=SQRT (XAY2/K2) BANCO72
KR =SCALE*KR BANCO73
KTH=SCALE®KTH BQNCO7&
KPH=SCALE®KPH BQNCO75
CONTINUE BQNCO76
KPHPK=4.*ALPHA+2.*BETA BANCO77
SPACE=KAY2.E2.0M2/C2 BANCO78
POLARI=SQRT(K2)* (U+X*OM2/ (C2*KAY2-0M2) ) /KDOTY BANCO79
LPOLRI= SQRT(Y2=-KDOTY2/K2)/UX*(1.=C2*KAY2/0M2) BQNCO80
RETURN BANCO81
CALCULATES THE REFRACTIVE INDEX AND ITS GRADIENT USING THE  BQNCO082
APPLETON-HARTREE FORMULA WITH FIELD, NO SOLLISIONS BANCO83
SONTINUE BANCO84
VR =C/0M*KR BANCO8S
VTH=C/0M*KTH BANC086
VPH=C/OM*KPH BANCO087
CALL MAGY BQNC088
V2=VR**2+VTH®* 2 +YPH**2 BQNCO089
VDOTY=VR*YR+VTH*Y TH+VPH*YPH BQNC 090
YLV=VDOTY/V2 BANC 091
YL2=V0OTY**2/y2 BQNC092
YT2=Y*%2-YL2 BQNCO93
YTL=YT2¥YT2 BANCO94
JX=U=X BQNC095
UX2zUX*UX BANC096
RAD=RAY*SQART (Y Th+ L, *YL2*UK2) BQNC097
0=2.%UX-YT2+RAD BANC098
D2=0*D BQNC099
N2=1.=2 . *X*UX/D BANC100
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PNPPS=2 . *X*UX¥ (-1 . +(YT2=-2.*yX2)/RAD) /D2
PPSPR= YL2/Y*PYPR -(VR¥PYRPR+VTH¥PYTPR+VPH¥PYPPR)*YLV
PPSPTH=YL2/V*PYPTH=(VR*PYRPT+VTH*PYTPT+VPH*PYPPT) *YLV
PPSPPH=YL2/Y*PYPPH=(VR*PYRPP+VTH*PYTPP+VPH*PYPPP)*YLV
PNPX== (2 PUX2=YT2¥ (U=2.%X) + (YTL4¥(U=2.FX)+4.*YL2*UX*UX2) /RAD) 7D2
PNPY=2. *X*UX®(-YT2+(YTLe2.*YL2*UX2)/RAD)/ (D2%Y)
NNP=N2=(2 . *X*PNPX+Y*PNPY)
PNPR =PNPX¥PX?R +PNPY*PYPR +PNPPS*PPSPR
PNPTH=PNPX*PXPTH+PNPY*PYPTH+PNPPS*PPSPTH
PNPPH=PNPX*PXPPH+PNPY*PYPPH+PNPPS*PPSPPH
PNPVR =PNPPS*¥(VR “YL2=-VDITY*YR )/v2
PNPVTH=PNPPS* (VTH*YL2=-VDOTY*YTH) /V2
PNPVPH=PNPPS* (VPH*YL2-VDOTY*YPH)/V2
PNPT=PNPX*PXPT
SPACE=NZ.EQ.1.
POLARI=SQRT(V2)*(YT2-RAD) /7 (2.%*VDOTY*UX)
GAM=(-YT2+¢RAD) /(2.%UX)
LPOLRI=K*SQRT(YT2)/(UX* (J+GAM))
KAY2=0M2/02%N2
IF(RSTART.EQ.0.) GO TO 3
SCALE=SQRT (KAYZ2/K?2)
KR =SCALE*KR
KTH=SCALE*KTH
KPH=SCALE*KPH
CONTINJUE
A=.5%¥(02%K2/042-N2)
PHPT ==-PNPT
PHPR ==FNPR
PHPTH==PNPTH
PHPPH==PNPPH
PHPOM==NNP/OM
PHPKR =02/0M2¥*KR -C/OM¥PNPVR
PHPKTH=C2/0M2* KTH=-C/0M*PNPVTH
PHPKPH=C2/0M2*KPH~-C/OM¥PNPVPH
KPHPK=NZ
RETURN

END

SUBROUTINE SHWF
CALCULATES THE REFRASTIVE INDEX AND ITS GRADIENT USING THE
SEN-HYLLER FORMULA == WITH FIELD
NEEDS SUBROUTINE FSW AND FUNCTIONS C AND S.
COMMON /CONST/ PI,PIT2,PID2,0EGS,RADIANsK,SEA,LOGTEN
SOMMON /RIN/ MODRIN(3)+COLL,FIELD,SPACE,KAY2sH,PHPT ;PHPRyPHPTH,
PHPPH,PHPOM, PHPKR s PHPKTH, PHPKPH s KPHPK s POLARy LPOLAR,
SGN
COMMON /XKX/ MODX(2) 4Xs PXPRyPXPTHyPXPPH PXPT,HMAX

BANC101
BaNCi02
BANC103
BANC104
BQNC105
BANC106
BQNC107
BANC108
BQNC109
BANC110
BINC111
BQNC112
BQNC113
BANC11i4
BQNC115
BANC1i1i6
BANC117
BQNC118
BANC119
BANC120
BQNC121
BANC122
BQNC123
BANC124
BQNC125
BANC1i26
BANCi27
BANC128
BQNC129
BQANC130
BANC131
BQNC132
BANC133
BANC134
BANC135
BQNC1i36
BANC137~-

SHWFOO01
SHHFO02
SHWF 003
SHWFO0&
SHHFO05
SHWFO06
SHRFDO7
SHWFDOB
SWHF009

COMMON /YY/ MODY,Y,PYPRyPYPTH,PYPPH, YRsPYRPR,PYRPT,PYRPP,YTH,PYTPRSHWFO10

sPYTPT,PYTPPsYPH,PYPPRyPYPPT,PYPPP
COMMON s/ZZ/ MODZ,Z,PZPRsPZPTH,PZPPH
COMMON /RK/ Ny STEP,MODE,E1MAX,E1MIN, E2ZMAX ,ECMIN,FACT,RSTART
SOMMON Ry THy P4,KRyKTH, KPH /JHW/ I0(10),W0,H (400D
EQUIVALENCE (RAY,W (1)), (F,W(B))
LOGICAL SPACE
REAL KRKTHsKPH,K2
COMPLEX KAY23H,PHPT PHPRy PHPTH,PHPPHs PHPOMyPHPKR s PHPKTH, PHPKPH,

KPHP Ky POLARLPOLARI U3 RAD 40+ PNPPS,PNPXPNPY PNPZ ,UX,UX2,

ALPHA,BETA,GAMMA,A,B,C,TENPL, TEMP2,TENP3,ALPOAL,BEPOBE,

SHWFO11
SHWFO012
SHWF013
SWWFO14
SHWFO01i5
SKHHFO16
SHWFO17
SHWFO018
SHWFO19
SHWFQO20

GAPOGA,CB2,N2M1,JU2,D2GA,DAL,DBET, DGAM, DADY,0A0Z,0B0Y +DBDZ,SHHF Q21
pcovy,DCDZ,0UDZ.DT10X,0T40Y,0F10DZ,0T10PS,DT20X,0T2DY,0T2DZ,SHHF 022

DT20PS, ORADDX, ORADOY,DRADDZ,DR0ODPS,000X,000Y,000Z,00DPX,
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B UPX.NE.PNPRaPNPTi.PNPPH.PNPVR'PNPVTH.PNPVPH.NNP'PNPT SHHFO024

DATA (MOORIN=BH SEs84AN-HYLLER,8H FORMULA) ,{COLL=L.), SHWFO025
1 (FIELD=10) 4, (LPOLAR=(04904) ), SHHFD26
2 (X=04)y (PXPR=0c)y (PXPTH=04)y (PXPPH=0,) 4 (PXPT=04) SHHFD27
3 (Y=0e)y (PYPR=0) 4 (PYPTH=0.)y (PYPPH=0.) 4 (YR=0.) 4 (PYRPR=0.) SHHF 028
& (PYRPT=04), (PYRPP=04) 4 (YTH=04) 5 (PYTPR=04.) 4 (PYTPT=0,) , SWWF029
5 (PYTPP=0.), (YPH=0.)y (PYPPR=0.), (PYPPT=0.) ,(PYPPP=0.), SWHFO30
) (Z=0e) s {PZPR=04)4 (PZPTH=0.), {PZPPH=0,), SHWF031
7 (I=(0eyle))y (ABSLIM=1.E=~5) SHWF032

ENTRY RINDEX SHHF033

OM=PIT2%1.EB*F SWWF 034

C2=SEA¥SEA SHWF QO35S

K2=KR¥*KR+KTH*KTH+ KPH*KPH SHHFO036

IMZ2=0M*OM SHHF037

VR =SEA/FOM*KR SHWF038

VTH=SEA/OH*KTH SWWF 039

VPH=SEA/OQM*KPH SHWF34Q

CALL ELECTX SHWFO41

CALL MAGY SWHF Q42

OPY=1,+¢¥Y SWHF 043

OMY=1,-Y SHHWF 044

CALL COLFRZ SHHF 045

22=2%7 SHHF 046

CALL FSH(1./Z,ALPHA,DAL) SWWFO47

ALPOAL=DAL/ALPHA SHHF 0438

CALL FSHW(OMY/Z,BETA,DBET) SHHFOu4g

BEPOBE=DBET/BETA SHHFQ50

CALL FSW(OPYZZ,GAMMA;DGAM) SHHF 051

GAPOGA=0GAM/ GANMA SHWFO052

U=Z/ALPHA SHWF053

QUDZ=(1.+ALPIAL /2 ) /ALPHA SHHF OS54

uz=u*u SHHFO55

UX=uU=-x SHWFO56

UPX=U+X SWHFO57

B=ALPHA/BETA SHWFO058

D80Y=B*BEPO3EFZ SHWWFO059

DBOZ=-B* (ALPOAL-OMY¥BEPDBE)/Z2 SHHF 060

C=ALPHA/GAMMA SHHFO061

DCOY=-C*GAPOGA/Z SHHF062

DSDZ==-C* (ALPOAL-OPY*GAPDGA) /22 SHWFOB3

=.5%(B+C) -1. SHNFO64

DADY=.5%(DBDY+DCDY) SHWWF065

DADZ=,5%(DBDZ+0COZ) SHWF 066

TEMP3=(1.~B*C) *U2+ A*U*UPX SHWF067

V= VR*¥F2+VTHY*2+VPH**2 SHWF 068

VOOTY=VR*YR+VTH Y TH+YPH*YPH SHWF069

YL2=VvDOTY®**2/y2 SHWFOT7O

YT2=Y*¥2-¥L2 SHWFO71

Y2=Y*Y SHWFO72

S2PSI=YT2sY2 SHWFO73

Ce2PsI=YL2/Y2 SHHFO74

UXZ2=UX*UX SWWFO75

CB2=(C-B)*¥*2 SHWFO76

TEMP1=TEMP3*52PSI SHHFO77

DT10X= A*¥U®S2PSI SHWFO78

DT10Y=(U*UPX*DADY-U2* (B¥DCDY+C*DBOY}) *S2PSI SHWF 079

OT1DZ=(2.*U*DUDZ* (1,~B*C+A) +A*X*DUDZ~U2*(B*DCDZ+C*0BDZ) +U*UPX*DADZSHHFOB0
1 )*¥s2PsI SHWFO081

(L/YLYT) D/DPSI(TEMP1) SHKF082

OTLDPS=2.*TENP1/YT2 SHHFO083

TEMP2=U2%CB2*JX 2*C2PSI SWWFO84L

DT20X==2,%UX*U2*CB2*C2PSI SHWF 085

ODT20Y=2.*U2*UX2*C2PSI* (G-B)*(DCOY-DBDY) _ SHHF 086

0T2DZ=2.%U2*yX2*CZPSI*(C-8) * (DCDZ~-DBDZ)+2 ,*TEMP2* (1./U+1./UX) *DUDZSHHF (87

(L/YLYT) D/DPSI(TEMP2) SHHFOB8

DT2DPS=-2.*TENP2/YLZ SHWF 089
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RAD=RAY*CSQRT(TEMP1¥**2+TEXPR2) SHWFO90

DRADDX=(TEMPL1*DT1DX +.5 *0T20X )} /RAD SHHFO91
DRADDY=(TEMPL*DTiDY + .5*DT20Y ) /RAD SWHHF D92
DRADDZ=(TEMPL®0TLDZ + .5*0DT20Z ) /RAD SHHF093

c (1/YLYT) D/DPSI(RAD) SHWF 094
DRDDPS=(TEMP1*DOTLDPS+ .5*DT2DPS) /RAD SHWF095

D=2 . ¥UPUX¥ (1.+A) -TEMPL+RAD+2 . *A*U* X*S2PSI SHHF096
0D0X=-2 .*U-DT10 X+ DRADDX+2 . *A*U*S2PST SHWFQ97

DOOY= 2.¥U¥UX*DADY-DTLi0Y+DRADDY+2.*U*S2PSI*DAOY SHHF 098
DODZ=2.%*(1.+A) *DUDZ* (U+UX) +2 . *U*UX*DADZ=DT10Z+DRADDZ+2 . *X*S2PSI* SHHWF 099

1 (A®DUDZ+J*DADZ) SHHF100

c (1L/YLYT) D/DPSI(D) SHHF101
000PS=-0T1DPS+0R0ODPS+2. %A*U*X/Y2 SHWF102
NZMi==2 *X*(UX+U*A*S2PSI) /D SHHF103
N2=1.+N2M1 SWHF104

c N D/DX(N) SHHF105
PNPX==(JX+U*A*S2PSI)* (1.~X*00DX/D) /D+X /0 SWHF106

C N D/DY(N) SHHF107
PNPY==X®U¥*S2PSI/0¥DADY-.5%N2M1/D*D0DY SHWF108

(5 N D/DZ(N) SHWF109
PNPZ==X*(1.¢A®S2PSI)/0%DUDZ-X*U*S2PSTI/0%0ADZ~.5¥N2M1/0*D00Z SHHF110

c (N/YLYT) D/DPSI(N) SHWF111
PNPPS==X*U*A/(D*Y2) -.5%NZM1/D*DDDPS SHWF112
YLV=VDOTY/ V2 SWHF113

C (YLYT) D/OR(PSI) _ SHHF114
PPSPR=YL2/7Y*PYPR=- (VR*PYRPR+VTH* PYTPR ¢ VPH® PYPPR) *YLYV SHWF115

c (YLYT) D/DTHETA(PSI) SHHF116
PPSPTH=YL2/Y*PYPTH=(VR*PYRPT+VTH*PYTPT+VPH*PYPPT) *YLV SHHF117

(3 (YLYT) D/DPHI(PSI) SHHF118
PPSPPH=YL2/Y*PYPPH=(VR*PYRPP+VTH®PYTPP +VPH*PYPPP) *YLV SHWF119
BNPR=PNPX*PXPR+PNPY*PYPR+PNPZ*PZPR+PNPPS* PPSPR SHHF120
PNPTH=PNPX*PXPTH+PNPY*PYPTH+PNPZ*PZPTH+PNPPS*PPSPTH SHWF121
PNPPH=P NPX*PXPPH+ PNFY*PYP2H+PNPZ*PZPPH +PNPPS*PPSPPH SHHF122
PNPVR=PNPPS* (VR*YL2/V2-YLV*YR) SHHF123
PNPVTH=PNPPS*® (VTH®*YL2/V2-YLV*YTH) SWHF124
PNPVPH=PNPPS* (VPH*YL2/V2=-YLVF*YPH) SHHF125
NNP=N2=(2.*X*PNPX +Y*PNPY+Z*PNPZ) SHHF126
PNPT=PNPX*PXPT SHHF127
POLAR=I* (TEMP1~RAD) *Y*SQRT (V2) / (U¥UX* (C~B) *VDOTY) SHWF128
COSPSI=VDOTY/(Y*SQRT(VZ)) SHHF129
LPOLAR= (. 5*I*(C-8) *POLAR+A*COSPSI) *SQRT(S2PSI) / SHHF130

L (POLAR®(JUX*(1.+.5%I%(C-38)*COSPSI*POLAR)+A* (U=-X*C2PSI))) SHWF131
SPACE=REAL (N2) .EQ.1..AND. ABS(AIMAG(N2)).LT.ABSLIM SHNF132
KAY2=0M2/32%N2 SHHF133
IF(RSTART.EQ.D0.) GO TO 1 SHHF134
SCALE=SQRT (REAL(KAY2) /7K2) SHKF135

KR =SCALE®*KR SHHF136
KTH=SCALE®KTH SHHF137
{PH=SCALE®*KPH SHHF138

1 CONTINUE SHWF139
Cevexsve¥s CALCULATES A HAMILTONIAN H SHHF140
H=«5% (C2¥K2/0M2-N2) SHWF1k1
Ce¥errevss AND ITS PARTIAL DERIVATIVES WITH RESPECT TO SHHF142
Ces¥xvv¥x¥ TIME, Ry THETA, PHI, OMEGA, KR, KTHETA, AND KPHI. SHWF 143
PHPT ==PNPT SWHF 144

PHPR ==-PNPR SHHF 145
PHPTH==PNPTH SHHF146
PHPPH==PNPPH SHHF147
PHPOM==NNP /0¥ SHHF 148

PHPKR =C2/0M2¥KR -SEA/OM*PNPVR SHHF 149
PHPKTH=GC2/0M2Z*KTH=-SEA/OM*PNPVTH SHHF150
PAPKPH=C2/ OM2* KPH-SEA/OM* PNPVPH SHHF151
KPHPK=N2 SHWF152
RETURN SHWF153
END SHHF 154~
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SUBROUTINE SHNF SHNFOO0L

C CALCULATES THE REFRACTIVE INOEX AND ITS GRAODIENT USING THE SWNFQ02
C SEN-WYLLER FORMULA == NO FIELD SHNFO003
G NEEDS SUBROUTINES FGSW AND FSW AND FUNCTIONS C AND S. SHNF 004
SOMMON /CONST/ PI,PIT2,PIJ)2,DEGS,RADIAN,K,C,LOGTEN SHNFO00S
COMMON /RIN/ MODRIN(3) COLLyFIELDySPACE,KAY23HPHPT,PHPRyPHPTH, SHNFOO06
1 PHPPH , PHPOMs PHPKR y PHPKTH , PHPKPH, KPHPK,POLAR, LPOLAR, SWNFOQ87
2 SGN SHNFO0038
COMMON /ZXX/ MODX(2) 4XsPXPRsPXPTH,PXPPH,PXPT,HMAX SWNFO009
COMMON /YY/ MODY,Y (16) SWNFOL0
COMMON /ZZ/ MODZ,Z.FZIPR,PZPTH,PZPPH SWNFO011
COMMON /RK/ Ny STEP,MODEsE1MAX,EL1MIN, E2MAX ,E2MIN,FACT,RSTART SHNFO12
COMMON Ry THy PHy KRy KTH,KPH JHW/ T0(10),W0,H(L0Q) SHNFO013
EQUIVALENCE (RAY,W(1)),(F,H(B)) SHNFOL14
LOGICAL SPACE SHNFO015
REAL KR,KTHy KPH,K2 SHNF016
COMPLEX KAYZ294PHPT  PHPR, >HPTH,PHPPH,PHPOM,PHPKR,PHPXTH, PHPKPH, SHNF 017
1 KPHP<, POLAR,LPOLAR,PNPX PNPZ4F1,0F,G1,0G1, - SHNF018
2 NZ sPNPRyPNPTH,PNPPH, PNPVR, PNPVTH, PNPVPH, NNP,PNPT SWNF019
DATA (MODRIN=BH SEs84N=-HYLLER,8H FORMULA) , (COLL=1.), SHNF020
1 (FIELD=0.) y{POLAR=(0ss14)) s (LPOLAR=(0es0.)), SWNF021
2 (X=0e)y (PXPR=04) 9 (PXPTH=0.)y (PXPPH=0.) s (PXPT=0.), SHNF022
3 (MOOY=1H ), SHNF023
4 (Z=0e)y (PZPR=0.) s (PZPTH=0.)y (PZPPH=0.), SHNFO024
3 (ABSLIN=1.E-5)¢ {PNPVR=04.) 5 (PNPVTH=0.), (PNPVPH=0.) SHNF 025
ENTRY RINJEX SKNF 026
OM=PIT2*1.Eb*F SHNFQ27
c2=Cc*C SWNF028
K2=KR*KR+KTH*{TH+KPH*KPH SWNF 029
OM2=0M*0M SHNFO030
VR =C/0M*KR SWNF 031
VTH=C/0M*KTH SHNF032
VPH=C/0M*KPH SWNF033
CALL ELECTX SHNFO34
CALL COLFRZ SKNF035
CALL FGSW(1./Z+F1,0F1,G1,06G1) SHNF 036
N2=1.=-X*G1 SHNF 037
PNPX==,5%G1 SKNF038
PNPZ=.5%X*DG1/Z%*2 SWNF 039
PNPR=PNPX*PXPR+PNPZ*PZPR SWNFO4Q
PNPTH=PNPX*PXPTH+PNPZ*PZPTH SHNFO&41
PNPPH=PNPX*PXPPH+PNPZ*PZPPH SHNFO42
NNP=N2=(2.*X*PNPX +Z*PNPZ) SHNFO43
PNPT=PNPX*PXPT SHNF 0Ll
SPACE=REAL (N2) «EQ.1..AND.ABS(AIMAG(N2) ) .LT.ABSLIM SHNFO45
KAY2=0M2/C2*N2 SHNFO46
IF(RSTART.E3.0.) GO TO 1 SHNFOL47
SCALE=SGRT (REAL (KAY2) /K2) SHNFO48
KR =SCALE®KR SHNF 049
KTH=SCALE®KTH SWNFO050
KPH=SCALE®*KPH SWNFO51
1 SONTINUE SHNF052
Crexxre»¥¥ CALCULATES A HAMILTONIAN H SHWNF 053
=.5%(22%K2/0M2-N2) SWNF 054
cewserre¥e¥ AND LTS PARTIAL DERIVATIVES WITH RESPECT TO SWNF 055
CE¥¥¥¥¥¥%% TIME, Ry, THETA, PHI, OMEGA, KRy, KTHETA, AND KPHI. SHNF056
PHPT ==PNPT SHNFOS7
PHPR ==PNPR SHNF 058
PHPTH==PNPTH SWNF059
PHPPH==PNPPH SHNF060
PHPOM==NNP/OM SWNFO061
PHPKR =C2/0M2%*KR SHNF062
PHPKTH=C2/0M2*KTH SWNF063
PHPKPH=C2/0M2*KPH SHNF 064
KPHPK=NZ SHNF 065
RETURN SHNF 086

END SHNF Q67 =
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SUBROUTINE FGSW (XsFsDFsGsDG) FGSW0O01

COMPLEX FsDFsG»DG FGSW002

CALL FSW (XsFsDF) FGSWQ0O03
IF(ABS(X)sGTe50s) GO TO 1 FGSW0O04

G=X*F FGSW005
DG=F+X*DF FGSWO0gs

RETURN FGSW0Q7

1 X2=X*X FGSWQOO08g
X3=X2%*X FGSW0OO09
T2=2.%X2 FGSW010
T3=3.%X2 FGSWO011
Ta=4%X2 FGSW012
T8=8e%X2 FGSWQ013
T12=12+%X2 FGSWO14
T16=16e%X2 FGSWO15
G=CMPLX(1e=35e/T4%(1e-99e/T4*(1e-1954/T4¥*(10a~-323e/T4)))/Ths FGSWO16
12e5%(1e-63e/T4*¥(14-143,/Tt¥(14-255¢/T4%(16=-399,/T&)1)}/X) FGSWO17
DG=-5*CMPLX‘35.*‘1-—99./T2*(1.-585./T8*(1.-323./T3*‘1-‘2415./T16))FGSW018

1 Y)/X3> FGSWO019
2“5-*(1.=189-/T4*fl.—?lS./TlZ*(1-—357./T4*(1--513-/T&?]}l/XZF FGSW020
RETURN FGSW021
END FGSW 22-
SUBROUTINE FSH (Z,F,DF) FSKH 001

c F(Z) = Z%C3/2(Z) + 2.5*I*C5/2(Z) AND ODF(Z) = OF/DZ FSH 002
C WHERE THE INPUT Z IS REAL AND THE OUTPUT F AND OF ARE COMPLEX. FSW 003
c NEEDS THE SUBPRCOGRAMS FOR THE FRESNEL INTEGRAL FUNCTIONS S AND CFSW 004
DIMENSION A(10),B(10),0(¢10) FSW 005
COMPLEX F40F,C1,2+C3,C8sH,TEMP,I FSK 006

DATA (I=(0esle))y (PI=3.1415926536) , (A3=1,333333333) FSW 007

DATA (C2=(1091+)) 5 (C3=(Lay=14)),(Cl=,79788456 ),(CH6=1.333333333) FSH 008

c C4=SQART(2./PI) FSW 008
JATA(A=,36230845E~-024.29579186E+00+.23193588E¢01,.91355870E+04, FSH 010
1.25856287E+02, .60 488560E+02,.12562218E+03,.24214980E+03, FSW 011
2.44918106E+03, .8L24L44T7TUE+D3), FSW 012
3(B=.16747479E2-02, .8L7962B0E~01,.25285001E+00,.22665857E+00, FSHW 013
4.83871933E-01+.13811875E~01,.980L7417E-03,.2629914BE~04, FSHW 014
5.19761006E-05,.18781476E-09) , FSW 015
5(0=+10080553E~03, .46117341E-01,.38507643E+00,.68507885E+00, FSH 016
7+42648105E400, +10742102E+00,.1098592GE-01,.40924533E~03, FSW 017
8.41881263E-05,+54513142E-08) ,(6=1.5045055) FSW 018
C1=2./3.*1 FSW 019
58=C2*A3*SQRT(PI/2.) FSW 020

X=Z FSW 021
X2=X*X FSW 022
X3=X2*X FSHW 023
IF(ABS(X).GT.50.) GO TO 500 FSH 024
IF(ABS(X).GT<B.) GO TO 1 FSW 025
IF(ABS(KX)eLT+s05)G0 TO 200 FSW 026

C FRESNEL FSH 027
IF(X«eGTe0s) GO TO 300 FSK 028

100 Y=C4*3ART (-X) FSH 029
X2=X¥X FSW 030

W= (COS(X) +I*SIN(X))*(1.-C3*(C(Y)+I*S(Y))) FSK 031

F =C1+CH%(X4Z3*X*X/Y*NW) FSW 032
OF=A3*CMPLX(144X) +CMPLX (1.5, X) *AJ*C3*X/Y*W FSKH 033
RETURN FSHW 034

300 Y=CL¥SQRT (X) FSW 035
X2=X*X FSH 036
W=(COS(X) +I*SIN(X))I*(1.=C2* (C(Y)=I*S(Y))) FSW 037

F =Cie¢Co¥ (X=C52*X*X/Y*W} FSW 038
DF=A3*CMPLX(1a,X)=CHMPLX(105¢X) *AZ*C2¥X/Y*NW FSW 039
RETURN FSH 040
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C

200

500

POWER SERIES
X=ABS(Z)
X2=X*X
X3=X2*X
Xe=X*X3
XS=X*X4
TEMP==CB* SQRT (X)*CEXP(I*X)
FCMPLX (44/3 4% X=160/Fe¥X34640/315.%X542e/3.480/3.%X2=~32./45,%K44)

1 +TEMP*X

OF=CMPLX(%e/3:=164/3.¥X2+bLa/B3e%Xby16./3.¥X=128./45.%X3
i +256./945.%X5)
2 +TEMP*GMPLX (1.5,X)

IF(Z.GE«0.) RETURN

F==CONJG(F)

JF=CONJG(OF)

RETURN
HERMITE
xu = xl‘z
X2=XQ
FR = 0.
FI = 0.
OFR = 0.
DFI = 0.
30 2 ¥y = 1,10
SS = A(J) + XQ
SB = B(J)/SS
S0 = D(J)/SS
FR = FR + SB
FI = FI + SD
0FR DFR + S3/SS

OFI = OFI + SD/SS
F = CMPLX (X*FR,FI)*G
OF = G*(FR = 2.%X* CMPLX(X*DFR,DFI))
RETURN
ASYMPTOTIC
X2=X*X
X3=X2%X
K4=X3*K
X5=X4*X
T2=2.%X2
T3=3.%X2
Th=4.*X2
T8=8.%X2
Ti6=16.%X2
T28228.%X2
FCMPLX ((1.-35../T4* (1.-99./T4% (1.-195./T64*{1,=323./T4)))) /X

195:%(1e=63o/T6®(1.-143./T4%(1.-255./T4L*(1,-399./T4))))/T2)

FSH
FSH
FSHW
FSHW
FSH
FSHW
FSH
FSH
FSH
FSH
FSH
FSH
FSHW
FSH
FSH
FSH
FSH
FSH
FSHW
FSH
FSH
FSH
FSH
FSHW
FSH
FSH
FSH
FSH
FSH
FSH
FSH
FSHW
FSH
FSH
FSH
FSH
FSH
FSH
FSHW
FSKH
FSH
FSHW
FSH
FSHK
FSH
FSHK
FSH

OF==CMPLX((14=105./T4® (14165 /TU* (1e=-273:/TL*(1,-2907./T28))))/X2FSH

135%(1.-B3./T2%(1.-429./TB%(1.-255./T3%(1.-1995./T16))))/X3)

RETURN
END
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FSH
FSHW

041
042
043
0Ly
045
046
047
048
049
650
051
052
053
054
055
056
057
058
059
060
061
062
063
064
065
066
67
068
069
070
071
072
073
074
075
076
077
078
079
08aq
081
g8z
083
084
085
08e
087
08s
o089
690
91~



10

20

10

20

FUNCTION C(X)

DOUBLEPRECISION PIHs XDs Ys Vs As QZs QNs» Qs Z

DATA (A1=0o3183099}s(A2=0.10132)s(Bl=0-0968?s(BZ=0-154)
PIH = 1¢570796326794897

XA = ABS(X]
IF (XAeGToe4s) GOTO 20
XD = X
Y = PIH®*XD*#XD
V = YxY
A = 1.D0
Z = A
M = 15,%(XA + le!
DO 10 I =1+ M
KZ=2%(1-1)
KV=4#%(1-1)
QZ = KV + 1
QN = (KZ 4+ 1)®(KZ + 2)%(KV + 5)
Q = QZ/QN
A = =ARQRYV
Z =2+ A
Z = Z%*XD
C =12
RETURN
W o= PIH*®X#®X
XV=XA%%4
C=0-5+(Al-Bl/XV)*SIN(N)/XA-(AZ—BZIXVJ*COS(WJ/XA**B
IF (XelLTeDa) C = -C
RETURN
END

FUNCTION S(X)

DOUBLFEPRFCISION PIHs XDs Ys Vs Ay QZs QNs Qs 2

DATA £A1=0-31830993s(A2=0-101321’(Bl=0-09681r182=0-154l
PIH = 1.570796326794897

XA = ABS(X)
IF (XAaGTe4s! GOTO 20

PTH®XD*XD
Y®*Y
Y/3.D0
A
1oe®(XA + 1)
DO 10 I = 1+ M
KZ=2#(1-1)
KV=4%(T1-1)
= KV + 3
= [(KZ + 2)%(KZ + 3)#(KV + 7)
Q = QZ/QN
= _ARQEV
+ A

o u o

W = PIH®X#X
XV=XA*%4
5=0e5-(A1~B1l/XV)*COS (W) /XA—(A2-B2/XVI¥SIN(W) /XAk%3
IF (XeLTe0o! S = -5
RETURN

END
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LOLLLLOLOOOVOOVLOOVOOVOONOOOONOWLONOOND NN n

001
002
003
004
00s
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022z
023
024
025
026
027
028
029
030
31-

001
002
003
004
005
006
007
oos
009
010
011
012
013
Ola
015
016
017
018
019
020
021
022
023
024
02s
026
027
028
029
030
031
32-



