APPENDIX 1. LISTINGS OF THE MAIN PROGRAM AND
SUBROUTINES IN THE MAIN DECK

This appendix contains listings of the main program and those sub-
routines that have only one version (with the exception of subroutine
RAYPLT, which has a do-nothing version for users lacking a plotter to
plot ray paths). Thus, the routines which form the contents of this appen-
dix will be used in all ray path calculations.

Additionally, this appendix contains the main input parameter form
for ray tracing and the input parameter forms for plotting. These forms
are very useful when using the program because they indicate the input
parameters needed for ray path calculations

The contents of this appendix are arranged as follows:

a. Main input parameter form 68
b. Program NITIAL 69
c. Subroutine READ W 72
d. Subroutine TRACE 72
e. Subroutine BACKUP 74
f. Subroutine REACH 76
g. Subroutine POLCAR 77
h. Subroutine PRINTR 78
i. Input parameter forms for plotting 82
j. Subroutine RAYPLT 84
k. Subroutine PLOT 86
1. Subroutine LABPLT 87
m. Subroutine RKAM 88
n. Subroutine HAMLTN 90
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INPUT PARAMETER FORM
FOR THREE-DIMENSIONAL RAY PATHS

Name Project No. Date
Ionospheric ID (3 characters)
Title (75 characters)
Models: Electron density
Perturbation
Magnetic field
Ordinary (Wl =+1.)
Extraordinary (Wi=-1.)

Collision frequency

Transmitter: Height

Latitude
Longitude
Frequency, initial
final
step
Azimuth angle, initial
final
step
Elevation angle, initial
final
step

Receiver: Height

Penetrating rays: Wanted
Not wanted

Maximum number of hops
Maximum number of steps per hop
Maximum allowable error per step
Additional calculations:

Phase path

Absorption

Doppler shift

Path length
Other

Printout: Every

Punched cards (raysets):
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km, nautical miles, feet (W3)
rad, deg, km (W4)
rad, deg, km (W5)
MHz (W7)
(Ws)
(W9)
rad, deg clockwise of north (W11)
(W12)
(W13)
rad, deg (W15)
(W16)
(W17}

km, nautical miles, feet (W20)

(W21 = 0.)
(w2l = 1.)

(w2z)
(wz3)
(w42)

= 1. to integrate

= 2. to integrate and print
(W57)

(W58)

(W59)

(W60)

steps of the ray trace (W71}

(W72 = 1.)



1
2

PROGRAM NITIAL

SETS THE INITIAL CONDITIONS FOR EACH RAY AND CALLS TRACE

JIMENSION MFLD(2)

COMMON
SOMMON
CZOMMON

COMMON
SOMMON
COMMON
COMMON

EQUIVALENCE

/CONST/ PL4PIT2,PID2+DZGS,RAD,KsCyLOGTEN
/FLG/ NTYP,NEWHRyNEWWP, PENET 3 LINES, IHOP 4HPUNCH

/RIN/ MODRIN(3) 4COLL,FIELDySPACE,N2,N2I,PNP(10),PILAR,

LPOLAR 4SGN

/RK/ NySTEP, MODE,E1MAX,ELMIN, E2ZMAXE2MINSFACT , RSTART

FXK/ HMOODX{2) ¢ Xy PXPRyPXPTHsPX2PHPXPTsHMAX
/YY/ MOOYe¥Y(16) /ZZ/ MODZsZ(4)
R(20),7,STP,DRDT(20) /WW/ LJ(10),WO,W(40D)

(RAYy WO1)) 5 (EARTHRHW(Z) ) o (XMTRHoW(3)) s (TLAT W () ),
(TLONyHW(S)) s (FoW(B)})y (FBEGyW(T7)) 2 (FENDsW(B) )y (FSTEP,W(3)}),
(AZ1,W(10)) 4 CAZBEG,H(11)) 3 (AZENDyW(12)) 4 (AZSTEP,H(13)},

3 (BETAsH(14)),y (ELBEGsH(15) )5 (ELEND,H(16)),(ELSTEP4H(L17)),

NITIOO1L
NITIOGC2
NITIOO3
NITIOOL
NITIOO0S
NITIO0O06
NITIOO7
NITIO0O08
NITIDO9
NITIO10
NITIO11
NITIO12
NITIO13
NITIO14
NITI015

% (ONLY H(2L)), (HOP,N(22))y (MAKSTO,W(23)) 5 (PLAT H(24)),(PLON,W(25)}INITIOLE

Sy (INTYPoW(u1)) y (MAXERRyW(%2) ), (ERATIOsW(43)) s (STEPLy H(LL4)),
(STPMAX, W(45) )5 (STPMINsW(4B)) 4 (FACTRyW(LT7)) 4 (SKIP,K(71)),

6
7

(RAYSET H(72) ) s (PLT W (B1) )4 (PERT4A(150))
LOGICAL SPACE,NEWWR ,NEWWP,PENET
REAL N2yN2I,LIGTEN, KyMAXSTP,INTYP,YAXERR,MU
COMPLEX PNP,POLAR,LPOLAR
NDATE=IDATE (D)

SECOND=
LOLL=4H

KLOCK(D)*.001
ND

IF (COLLeNE«O.) KOLL=4HWITH
Ceeevsrva® CONSTANTS
PI=3.1415326536

PIT2=2.%PI

PI02=PL/2.

DEGS=180./PI

RAD=PI/180.

3=2.997925E5
K=2.,81785E-15*C**2/PI

LOGTEN=

ALJG(10.)

Cerersvrrs INITIALIZE SOME VARIABLES IN THE W ARRAY
D0 S5 NW=1,4G0
H(NW)=0.

5

PLON=0.

PLAT=PID2
EARTHR=6370.
INTYP=3,
MAXERR=1.E~4

ERATIO=

50

STEP1i=1.

STPMAX=

100.

STPMIN=1.E-8
FACTR=0.5
MAXSTP=1000.

HOP=1.

Ceveerresy READ W ARRAY AND PRINT NON=-ZERDO VALUES
CALL READ W

F=BETA=AZ1=0,

IF (SKIP.EQ.0.) SKIP=MAXSTP
RAY=SIGN(L.,RAY)

10

12

13

14

NTYP=2.

+FIELD*RAY

GO TO (13414415)e NTYP
MFLDO(1)=8HEXTRADRD
MFLO(2)=5HINARY

30 TO 16

MFLD(1)=8HNO FIELOD
MFLD(2)=1H

50 TO 16
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NITIOL7
NITIO018
NITIO19
NITIO0Z20
NITIO021
NITIgQ22
NITIO025
NITIO0Z26
NITIOQZ27
NITIOZ8
NITIO029
NITIO30
NITIO31
NITIO32
NITIO033
NITIO34
NITIO3S
NITIO36
NITIO37
NITI038
NITIOD39
NITIO&0
NITIO41
NITIO&2
NITIOL3
NITIOLG
NITIO0&5
NIT I04B
NITIO&?
NITIO4B
NITIO4S
NITIOQS0
NITIOS1
NITIOQS52
NITIOS3
NITIOSY
NITIO055
NITIO056
NITIOS7
NITIOSS
NITIOS59
NITIO6O
NITIO61
NITI062
NITIOB3
NITIO6L
NITIO65



15 MFLD(1)=8HORDINARY NITIO066

MFLD(2)=8H NIT1067

16 MODSAV=MODX(2) NITIO68
IF (PERT<EQe0«) MODX(2)=6H NITIO&9

IF (RAYSETeNE«Os) PUNCH 2000s IDsMODX(1)s(W(NW)sNW=10151071s NITIO70

1 MODX(2)s {W(NW) sNW=151+1571 sMODY s (W(NW) sNW=2015207) s NITIOT71

2 MODZs (W(NW)sNW=251,257) NITIOT2
2000 FORMAT (10AB834(/ABs2Xs7E10e3) 1} NITIOT3
PRINT 1000s IDsNUDATE sMODX sMOUY » MODZ s MOCRINsMFLO sKOLL MLl LUty

1000 FORMAT (1H1s10ABs25XsAB/4(1XsAE 1 224Xy SABYIXsAOIAD s LXsALS NIT10/7S
1 11H COLLISIONS/) NITIOT6
PRINT 1050 NITIOT77

1050 FORMAT (85H INITIAL VALUES FOR THE W ARRAY -— ALL ANGLES IN RADIANNit jU/8
1Ss ONLY NONZERO VALUES PRINTED/) NLIIUTS

DO 17 NW=1s400 NITIO8O

IF (W(NW)eNEeOe) PRINT 1700s NWsWINW) NITIOB1

1700 FORMAT (14sE19411) NITIOS2Z
17 CONTINUE NITIOB3
CH¥x¥xuxx® |FT SUBROUTINES PRINTR AND RAYPLT KNOW THERE IS A NEW W ARRAYNITIOS4
NEWWP=e TRUE o NITIOBS
NEWWR= o TRUE e NITIOB6
Cxsnsnx®* INITIALIZE PARAMETERS FOR INTEGRATION SUBROUTINE RKAM NITIO87T
N=6 NITIOSS8

DO 20 NR=7s20 NITIO89

IF (W(50+NR)eNEeOs) N=N+1 NITIO90

20 CONTINUE N111u9l
MODE=INTYP NITI092
STEP=STEP1 NIITO93
EIMAX=MAXERR NITIU94
EIMIN=MAXERR/ERATIO NITIQ95
E2MAX=STPMAX NITIO96
E2MIN=STPMIN NITIOS97
FACT=FACTR NITIO98
Cws#uxdss DETERMINE TRANSMITTER LOCATION IN COMPUTATIONAL COORDINATE NITI099
CH¥RERREX® SYSTEM (GEOMAGNETIC COORDINATES IF DIPOLE FIELD IS USED) NITI100
RO=EARTHR+XMTRH NITI101
SP=SIN (PLAT! NITI102
CP=SIN (PID2-PLAT) NITI103
SDPH=SIN (TLON-PLON) NITI104
CDPH=SIN (PID2-(TLON=PLONI) NITI105
SL=SIN (TLAT): NITI106
CL=SIN (PID2-TLAT) NITI1O7
ALPHA=ATAN2 (~SDPH*CP s~CDPH*CP#*SL+SP*CL ) NITI108
THO=ACOS (CDPH*CP®CL+SP#*5L) NITI109
PHO=ATAN2 ({ SDPH*CL 4 CDPH#SP*CL-CP*5L ! NITI110
CH*xxxxxx® _LOOP ON FREQUENCYs AZIMUTH ANGLEs AND ELEVATION ANGLE NITI111
NFREQ=1 NLILL112

IF (FSTEP«NE«QOe«) NFREQ=(FEND-FBEG!/FSIEF+1leY NETLLLS
NAZ=1 NITIlla

IF (AZSTEPeNEeOe) NAZ=(AZEND—AZBEG!/ALSIEP+1a5 NITI115
NBETA=1 NITIll6

IF (ELSTEP.NEeO.) NBETA=(ELEND-ELBEG)/ELSTEP+1.5 NITI117

DO 50 NF=1sNFREQ NITI118
F=FBEG+(NF-1) ¥*FSTEP NITI119

DO 45 J=1sNAZ NITI120
AZ1=AZBEG+(J-1)*AZSTEP NITI121
AZA=AZ1*DEGS NITI122
GAMMA=PI-AZ1+ALPHA NITI123
SGAMMA=SIN (GAMMA) NITI124
CGAMMA=SIN (PID2-GAMMA) NITI125

DO 40 I=1sNBETA NITI126
BETA=ELBEG+(I-1)#ELSTEP NITI127
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FEL=BETA*NFGS
CBETA=SIN (PID?2-BETA)

R(11=R0
R{21=THn
R{3})=PHn

Ri4a)=SIN (BETA)
R(5)=CBETA*CGAMMA
R{6 }=CBETA* SGAMMA
T=Ne
RSTART=1.
C SGN=1e (NEED FOR RAY TRACING IN COMPLEX SPACE.}
Codudkddndx ALLOW [ONOSPHERIC MODEL SUBROUTINES TO READ AND PRINT
CALL RINDEX )
IF (leNEeloANDeNPAGE«LT a3 ANDeLINES.LES1T) GO 10 25
NPAGE=LINFS=n
PRINT 1n000s IDsNDATE +MODXsMUDY sMODZ s MUDK LN sMF LD s KULL
PRINT 240ns FsAZA
2400 FORMAT (18Xs]llHFREQUENCY =sF1l2e6337H MHZs AZIMUTH ANGLE OF
1SSION =3F12e694H DEG)
25 NPAGE=NPAGE+1
PRINT 2500s EL
2500 FORMAT (/31Xs33HELEVATION ANGLE OF TRANSMISSIUN =st1Z2eb3&H
IF (N2eGTefie) GN TO 30
CALL ELECTX
FN=SIGN (SQRT (ABS (X))}%F4x)
PRINT 290ns FN
2900 FORMAT (58HOTRANSMITTER IN EVANESCENT REGIONs TRANSMISSION
1BLE/20HAPLASMA FREGUENCY = sE17e10)
GO TO 44
30 MU=SQRT (N2/(R(4)%#¥24+R(5)#*2+R (&) ##2))
DO 34 NN=4s6
34 RINN)=R(NN)*MU
DO 35 NN=7,N
35 RINN}=0,
CALL TRACE
OSEC=SECOND
SECOND=KLOCK(n) %001
DIFF=SECOND-0OSEC
PRINT 3500s DIFF B
3500 FORMAT (36X926HTHIS RAY CALCULATION TOOK sFB8e3s4H SEC)
IF (PENETeANDeONLYeNEoNeeANDe IHOP.FQa1l) GO TO 44
40 CONTINUE
44 [F (PLTeNE«Oe) CALL ENDPLT
45 CONTINUE

NITT128
NITIT129
NITTI130
NITI131
NITT132
NITI133
NITI134
NITI135
NITI136
NITI137
NITI138
DATA NITI139
NITIlau
NITIlal
NITI142
NITI1l43
NITI144
TRANSMINITI 145
NITI1l46
NITI147
NITI148
DEG/ ) NITTI14G
NITI18C
NITI151
NITI152
NITI1572
IMPOSSINITI154
NITI155
NITI156
NITI157
NITI1S58
NITI159
NITI160
NITIl61
NITIl62
NITI163
NITI164
NITI165
NITI166
NITI167
NITI168
NITIl69
NITI17O
NITI171

IF(PENET ¢ ANDeONLY o NEoQe e ANDo IHOPeEQos 1 e ANDeNAZ cEGe 1o ANDsNBETALEQe1INITI172

1 GO TO 55
50 CONTINUE
56 IF (RAYSETeNEesQOe) PUNCH 5000
5000 FORMAT (78Xs1H=)
MODX (21 =MODSAV
GO TO 1o
END
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NITI174
NITI175
NITIl76
NITT177
NITI178
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SUBROUTINE READ W READOO1

c READS W ARRAY READOQO?2
C A 1 IN THE FOLLOWING COLUMNS WILL MAKE THE DESCRIBED CONVERSIONSREADOO3
coL 18 DEGREES TO RADIANS READOQ4
coL 19 GREAT CIRCLE DISTANCE IN KM TO RADIANS READOOS
coL 20 NAUTICAL MILES TO KM READOOG
coL 21 FEET TO KM READOO7Y
c READOOS

COMMON /CONST/ PIsPIT2sPID2sDEGSsRADsDUMI3) READOO9
COMMON /WW/ ID(10)sWOsW{400) READO10
EQUIVALENCE (EARTHRsW(2)) READO11
INTEGER DEGSFEET READO12

READ 1000s ID READO13

1000 FORMAT (10As8! READO14
IF (EOF,60) 3.4 READO1S

3 CALL EXIT READO16&

& READ 1100s NWsW(NW) sDEGsKMsNMsFEET READO17
1100 FORMAT (I3sEl4e7s511) READO18
IF (NWeERen! GO TO 10 READO19

IF (NWeGTeOeANDeNWeLE«400) GO TO 5 READO20
PRINT 4n00s NW READO21

4000 FORMAT(15H1THE SUBSCRIPT s713,77H ON THE W-ARRAY INPUT 1S QUT OF BOREADO22
1UNDSe ALLOWABLE VALUES ARE 1 THROUGH 400. ! READO23
CALL EXIT READO24

5 IF (DEGeNEe«QOe) WINW)=WI(NW)*RAD READO25

IF (KMoNEoO) WINW)=W(NW)/EARTHR READO26

IF (NMeNEoO) WINW)=W(NW)*].852 READOZ27

IF (FEETeNE<O)} WI(NW)=W(NW)*3,048006096F-4% READO28

GO TO & READO29

10 RETURN READC30
END READO31-
SUBROUTINE TRAGE TRACOO01

c CALCULATES THE RAY PATH TRACO02
DIMENSION ROLD({2G),0R0LJ(20) TRACO003
COMMON /RK/ NySTEP,MODE,EL1MAX,ELMIN,E2MAX E2MIN,FACT,RSTART TRACOOL
COMMON /FLG/ NTYP ,NEWWR,NEWWP,PENET,LINES, IHOP,HPUNCH TRACO0S
COMMON /TRAZ/ GROUND,PERIGE, THERE,MINOIS,NEWRAY,SHMT TRACO06
COMMON /RIN/ MODRIN(3),COLL,FIELDsSPACEyN2,PNP(10)4POLAR,LPOLAR TRACOO7
COMMON /XX/ MODX{2) 4XsPXPRyPXPTHyPXPPH PXPTsHMAX TRACO008
COMMON R(20)yT4STF,DROT(20) /WW/ ID(10),WO0,W(400) TRACO009
LOGICAL SPACZE,HOME,WASNT, UNDRGOD,GROUND,PERIGE, THERE,MINDIS,NEWKR, TRACO010

1 NEWNP s PENET,NEWRAY , HAS TRACO11
REAL MAXSTP TRACOL2
COMPLEX N2 ,PNP,POLAR,LPOLAR TRACO13
SQUIVALENCE (EARTHR4W(2)) 4 (RCVRH,W(20) )4 (HOP, W (22)) 4 (MAXSTP,W(23))TRACO1Y

13 (SKIPyH(71) ), (RAYSET,W(72)) 4 (PLT,H(81)) TRACO15
NHOP=HOP TRACO1e6
MAX=MAXST? TRACO017
NSKIP=SKIP TRACO018
RSTART=1. TRACO019
CALL HAMLTN TRACO20
HOME=DRDT(1) *(R(1) -EARTH-RCVRH) .GE. 0. TRACO21
Ceevxewvrx® THOP=0 TELLS PRINTR TO PRINT HEADING AND PUNCH A TRANSMITTER TRACOZ22
Cer¥¥vvevs RAYSET AND TELLS RAYPLT TO START A NEW RAY TRACO023
IHOP=0 TRACO24
CALL PRINTR (BHXMTR 304 TRACD25

IF (PLT.NE.Je) CALL RAYPLT TRACO026
HTMAX=0. TRACQ27
NEWRAY=, TRUE. TRACO28
THERE=R (1) -EARTHR.EQ.RCVRAH TRACO029
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C#¥*svd¥ss | QOP ON NUMBER OF HOPS TRACO30

10 IHOP=IHOP+1 TRACO31
IF (IHOP.GT.NHOP) RETURN TRACO32
PENET=+FALSE. TRAC033
APHT=RCVRH TRACD34

Cesv¥vress LOOP ON MAXIMUM NUMBER OF STEPS PER HOP TRACO035
00 79 J=1,MAX TRACO36
H=R (1) -EARTHR TRACO037
IF (ABS(H-RCVRH) «GT.ABS(APHT~-RCVRH)) APHT=H TRACO38
HTMAX=AMAXL(Hy HTMAX) TRACO39
IF (.NOT.SPACE) GO TO 12 TRACO4O
CALL REAGCH TRACO&1
RSTART=1. TRACO42
H=R(1)=-EARTHR TRACO43
IF (ABS(H-RCVRH)<GT.ABS(APHT=RCVRH)) APHT=H ) TRACOL4L
HTMAX=AMAXL1(H, HTHAX) TRACO45
IF (.NOT.SPACE) GC TO 12 TRACO46
IF (PERIGE) CALL PRINTR (BHPERIGEE ,0.) TRACOLY
IF (THERE) 30 TO 51 TRACO4S
IF (MINDIS) GO TO 40 TRACO4S
IF (GROUND) 50 TO 60 TRACQOS0
IF (PLT.NE.Os) CALL RAYPLT TRACOS1
IF (PERIGE) GO TO 78 TRACOS52

12 20 13 L=1,yN TRACOS3
ROLO(L)Y =R (L) TRACOSL

13 DROLOC(LI=DRODT(L) TRACOS5S5
TOLD=T TRACOS6
HAS=THERE TRACOS7
CALL RKAM TRACOS58
H=R (1) -EARTHR TRACO59
THERE=.FALSE. TRACO60
AASNT=. NOT .HOME X TRACOB1
HOME=DRDT (1) * (H-RCVRH) .GE.0« TRACO62
THP=(ORDT{(1)=DRCGL O (1)) *(T-TOLD) TRACO063
SMT=0. TRACOGYL
IF (TMPeNE.0.} SMT=0.5*(R(1)-ROLOD(1)+0.5*THP)}**2/ABS{(TMP) TRACO®B5
I[F (((A=-R3JVIH) *(ROLC(1)-EARTHR=-RCVRH) o LT:.0.sAND. .NOT.HWAS) «OR. TRACO66

1 (WAS.AND.DRDT (1) *DROLD{1)«LT.0..AND.HOME)) GO TO 50 TRACOB7
IF (HOME.AND.AASNT) GO TO 30 TRACOGS
IF (HelTeDosORORDOT(L) 5T o0s «cANDsDROLD(L) LT e0oeANDSMTGTH) TRACO6S

1 GO TO 20 TRACO70

IF (DROLDO(1) oL ToeD¢+AND.DWDT(1).GT.0.,) CALL PRINTR(BHPERIGEE +0.) TRACO71
IF (DROLO(1) «5T.04<AND.DRIT(1)LT.0.) CALL PRINTR(BHAPOGEE ,0.) TRACO72

IF (DROLO(2)*JRDOT(2).LTeDe) CALL PRINTR(B8HMAX LAT ,0.) TRACO73

IF (DROLO(3)*DRDT(3)LTe0.) CALL PRINTR(BHMAX LONG,0.) TRACOT &

00 14 I=lk,6 TRACO75

IF (ROLD(I}*R(I) LT.0.,) ZALL PRINTR(BHWAVE REV,0.) TRACO076

14 CONTINUE TRACO77

G0 TO 75 TRACO78
Cee¥wexrss pAY WENT UNDERGROUND TRACQ79
20 CALL BACK UP(0.) TRACO80

GO TO 60 TRACO81
crevr¥ervss pAY MAY HAVE MADE A CLOSEST APPROACH TRACO82
30 CALL GRAZE(RCVRH) TRAC083

IF (THERE) GO TO Si TRACO8G

30 ORDT(1)=0. TRACOBS
HPUNCH=R(1)-EARTHR TRACO86

CALL PRINTR{BHMIN DIST,RAYSET) TRACG87

IF (PLT..NE.O0.) CALL RAYPLT TRACO8S

IF (IHO2.GE.NHOP) RETURN, TRACO089
IHOP=IHOP#1 TRACO90

CALL PRINTR (8HMIN DIST,RAYSET) TRACOS1

GO TO 89 TRACDS2
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Ce¥v+¥¥3%% RAY CROSSEQD RECEIVER HEIGHT
50 CALL BACK UP{RCVRH)
THERE=« TRUE.
51 R(1)=EARTHR+RCVRH
HTMAX=AMAX1(RCVRH,HTMAX)
HPUNCH=APHT
SALL PRINTR(B4RCVR »RAYSET)
IF (PLT.NE.O.} CALL RAYPLT
IF (RCVRH.NE.D.) GC TO 89
IF (IHOP.GE.NHOP) RETURN
IHOP=IHOP#1
APHT=RCVRH
Cew¥reev%¥¥ GROUND REFLECT
60 R(1)=EARTHR
IF (ABS{RCVRH) «GT.ABS(APHT-RCVRH)) APHT=0.
R{4)=ABS (R(%))
DROT(1) =A3S (DRDT(1))
RSTART=1.
HPUNCH=HTMAX
CALL PRINTR(BHGRND REF,RAYSET)
HTMAX=0,
IF (RCVRH.NE.0.) GO TO 653
THERE=.TRUE.
HPUNCH=APHT
CALL PRINTR (BHRCVR +RAYSET)
GO To 89
55 H=0.
THERE=.FALSE.
Crevssenss
75 IF (PLT.NE.0.) CALL RAYPLT
IF (HeGT.HMAX.AND.H.GT.RCYVRH.ANDsORDT(1).GT.0.) GO TO 90
IF (MOD(JsNSKIP).EQ.0) CALL PRINTR(8H 20.)
79 SONTINUE
Cevwxees®s EXCEEDED MAXIMUM NUMBER OF STEPS
HPUNCH=H
CALL PRINTR(BHSTEP MAX,RAYSET)
RETURN

Cre¥rsrevss

83 HOME=.TRUE.

GO TO 10
Ceerrvrvryx RAY PENETRATED

90 PENET=.TRUE.
HPUNCH=H
CALL PRINTR{BAPENETRAT,RAYSET)
RETURN

END

SUBROUTINE BACK UP(HS)
COMMON /RK/ NsSTEPsMODESsEIMAXsEIMIN,E2MAXsE2MINsFACTsRSTART
COMMON /TRAC/ GROUNDSPERIGEs THERE sMINDISsNEWRAY s SMT
COMMON R(20)sTsSTPspRDT(20) /WW/ ID(10)sWOsW(400)
EQUIVALENCE (EARTHRsW(2)) s (INTYPsW(41))s(STEPL sWl&a) )
REAL INTYP
LOGICAL GROUNDs+PERIGEs THERFsMINDISsNEWRAY s HOME
CrExx®Ex®¥® DIAGNOSTIC PRINTOUT
C CALL PRINTR (8HBACK UP0sO.)
Crexxxxxx® GOING AWAY FROM THE HEIGHT HS
HOME=DRDT(1)*(R(1)-EARTHR-HS) «GE«0e

TRAC093
TRACO94
TRAC095
TRAC096
TRACO097
TRAC098
TRAC099
TRAC100
TRAC101
TRAC102
TRAC103
TRAC104
TRAC105
TRAC106
TRAC107
TRAC108
TRAC109
TRAC110
TRAC111
TRAC112
TRAC113
TRAC114
TRAC11S
TRAC116
TRAC117
TRAC118
TRAC119
TRAC120
TRAC121
TRAC122
TRAC123
TRAC124
TRAC125
TRAC126
TRAC127
TRAC128
TRAC129
TRAC130
TRAC131
TRAC132
TRAC133
TRAC134
TRAC135
TRAC136
TRAC137
TRAC138

BACKO0O01
BACKOO2
BACKO0O3
BACKOO4
BACKOOS5
BACKOOg
BACKOO7
BACKOOS8
BACKOO9
BACKO10
BACKO11

IF (HS5eGTe0eoANDe eNOToeHOME+OR4HS<EQe0e s AND«DRDT(1)4GTo0,) GO TO 30BACKO12
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CHXaEX¥XXE FIND NEAREST INTERSECTION OF RAY WITH THE HEIGHT HS
NO 10 I=1+10
STEP=-(R(1)-EARTHR-HS)/DRDT (1)
STEP=SIGN(AMIN1 (ABS(STP) sABS(STEP)) sSTEP)
IF (ABS{R{1)-EARTHR-HS) eLTee5E-4+sAND.ABS(STEP) L Tele) GO TO 60
CHEREEREEX DIAGNOSTIC PRINTOUT
C CALL PRINTR({8HBACK UP1s0s)
MODE=1
RSTART=1,
CALL RKAM
10 RSTART=1,.
(S
CHEXHXXH¥HE FIND NEAREST CLOSEST APPROACH OF RAY TO THE HEIGHT HS
ENTRY GRAZE
THERE=e<FALSE.
CH¥xixekxd DIAGNOSTIC PRINTOUT
(¢ CALL PRINTR (8HGRAZE 0O s0s)
IF (SMT«GTeABS(R(1)-EARTHR=-HS)) GO TO 30
DO 20 I=1,10
STEP=-R{4) /DRDT (4)
STEP=SIGN(AMIN1(ABS(STP) s ABS(STEP) ) 4STEP!
IF (ABS(R(4))eLEeleE-6sAND<ABS(STEP)«LTelse! GO TO 60
Cr#anEuxns® DIAGNOSTIC PRINTOUT
C CALL PRINTR (BHGRAZE 1 s0.)
MODE=1
RSTART=1,
CALL. RKAM
RSTART=1,
IF (DRDT(4)#(R(1)-EARTHR-HS)«LTo0.! GO TO 30
IF(R(5)eEQeQeceANDeR(6)+EQeOs) GO TO 60
20 CONTINUE
CR¥REHAXNER [F A CLOSEST APPROACH COULD NOT BE FOUND IN 10 STEPSs IT
Cax¥auexx PROBABLY MEANS THAT THE RAY INTERSECTS THE HEIGHT HS
3n CONTINUE
CHERERERREX DTAGNOSTIC PRINTOUT
C CALL PRINTR (BHBACK UP2:0.)
MODE=1

Cenxkxdrx FSTIMATE DISTANCE TO NEAREST INTERSECTION OF wAY WITH HEIGHT

CrugpsEdenst HS BEHIND THE PRESENT RAY POINT
STEP=(-R(4)-SQRT(R(4)%%2-2 % (R(1)~FARTHR-HS)*DRDT(41))/DRDT(4&)
RSTART=1,

CALL RKAM
RSTART=1.

CHRRAEXREX FIND NEAREST INTERSECTION OF RAY WITH HEIGHT HS
DO 40 I=1,10
STEP==(R(1})-EARTHR-HS) /DRDT(1)
STEP=SIGN(AMINI (ABS(STP) sABS(STEP) ) 4STEP)

IF (ABS(R{1)=EARTHR-HS) eLTes5E=44sANDABS(STEP)«LTeles! GO TO 60

CEExXERRAE DIAGNOSTIC PRINTOUT

C CALL PRINTR (8HBACK UP3s0s)

MODE=1
RSTART=1,.
CALL RKAM
40 RSTART=1.
50 THERE=eTRUEe
CEXx¥E%xR* RESET STANDARD MODE AND INTEGRATION TYPE
60 MODE=INTYP
STEP=STEP1
RETURN
END

5

BACKO13
BACKO14
BACKO15
BACKQ16
BACKO17
BACKO18
BACKO19
BACKOZ20
BACKO21
BACKO022
BACKO23
BACKO24
BACKO25
BACKO26
BACKO27
BACKO28
BACKO29
BACKO30
BACKO31
BACKO032
BACKO33
BACKO34
BACKO35
BACKO36
BACKO37
BACKO38
BACKO39
BACKO40
BACKO41
BACKO&42
BACKO43
BACKO44
BACKO45
BACKO46
BACKO47
BACKO48
BACKO49
BACKOS50
BACKOS51
BACKO052
BACKO53
BACKO54
BACKOS55
BACKO56
BACKOS?
BACKO58
BACKO59
BACKO&0
BACKO61
BACKO62
BACKO63
BACKO64
BACKO&5
BACKO66
BACKO67
BACKO68
BACKO69
BACKO70
BACKOT1
BACKO72-



Cewrwwsrerx NEGATIVE OF ODISTANCE
C*¥*¥2¥¥%¥%® (OF EARTH

Ce¥erxre¥r¥ CROSSG IS TRUE IF THE RAY WILL INTERSECT OR TOUCH THE

Cx¥w»x*xxx¥¥ DISTANCE ALONG
Ce¥¥xxwxws APPROACH TO THE RECEIVER HEIGHT

Cre*¥¥x¥x® JF RAY IS GOING DOWN,

c¥‘¥¥¥¥¥¥‘

SUBROUTINE REACH
CALCULATES THE STRAIGHT LINE RAY PATH BETWEEN THE EARTH
ANDO THE IONOSPHERE OR BETWEEN IONOSPHERIC LAYERS

COMMON /RK/ NoSTEPyMODE 4E1MAXSELMIN,ZEZMAX;E2MINSFACT,RSTART
COMMON /TRAC/ GROUND,PERIGE,THERE,MINDIS,NEWRAY ,SMT

COMMON /COJRD/ S

COMMON /RIN/ MODRIN(3),COLL.FIELD,SPACEsNZ2,N2I,PNP(10),POLAR,
1 LPOL AR

COMMON /XX/ MODX{2) s X sPXPRyPXPTHyPXPPH4PXPT yHMAX

COMMON R(23),ToSTP,OROT(20) /ZHWHs ID(10),WI,W(LID)
FQUIVALENCE (EARTHR,HW{2)) , {XMTRH, W(3) ), (RCVRH,W (201}

LOGICAL CPOSS,CROSSGyCROSSR4SPACE,GROUND, PERIGE ,THERE,MINDTS,
1 NEWRAY 4 RSPACE

REAL N2 4NZI

COMPLEX PNP,POLAR,LPOLAR

CATA (NSTFP=5G0)

CALL HANMLTN

H=R (1) =EARTHR

IF (e NOTNEWRAY.AND..NOT.RSPACE) CALL PRINTR(BHEXIT ION,0.)
NEWRAY=.FALSE.

V=SGERTIR{L) *¥2+R(5) *¥2¢+R{b) **2)}

Ceew*®¥¥¥* NORMALIZE THZ WAVE NORMAL OIRECTION TO ONE

R{LI=R{L)/V
RIS)I=R(E)/V
R{EI=R(E) /V

UP=R(1) *Ri4)}
RADG=EARTHR**2-R( 1) ¥*¥2¥ {R(5)**Z2+R(B) **2)
DISTG=SQRT (AMAX1(0.,RADG))

Ce#*eyxexk® DISTANCE ALONG RAY TO FIRST INTERSECTION WITH OR CLOSEST
Cr¥¥sasxx2¥% APPROACH TO THE EARTH

SG==UP-DISTG
CROSSG=UP+LTe0e¢cANDsRADG«GE«D

RADR=(EARTHR#RCVYRH) ¥ *2-R{1} **2* (R(5 ) **2+R (B) *¥2)
DISTR=SQRT (AMAX1(0.,RADR))}

SR=DISTR=UP

IF (UP:.LTo0ee AND.DISTReLTo=UP.AND.R(1} . NE.EARTHR4RCVRH) SR==DISTR

1 -UP

C¥*¥¥¥3%¥¥ CROSSR IS TRUE IF THE RAY WILL INTERSECT WITH OR MAKE A
C¥¥*¥xx¥x* CLOSEST APPROACH TO THE RECEIVER HEIGHT

CROSSR=R(L) ¢LTele e OReR(1) LT« (EARTHR+RCVRH)
CROSS=CROSSG.OR.CROSSR

C¥¥*y>¥¥x*® MpXIMUN DISTANCE IN WHICH TO LOOK FOR THE IONOSPHERE

S1=AMIN1(SR,5G}
IF(.NOT.CROSSG) Si=SR
IF (UP,GE.0.) GO TO 15
CROSS=.TRUE

S1=AMIN1{S1,=-UP}

Ce®wersxzas® CONVERT THE POSITION ANO DIRECTION OF THE RAY TO CARTESIAN
C¥¥¥¥¥wr¥* COORDINATES
15 CALL POL CAR

SSTEP=100.

S=SSTEP

DO 20 I=1,NSTEP

IF ((S=SSTEP).GTS1.AND.CROSS) GO TO 25

CALL CAR FOL
CALL ELECTX

Cr¥vvrrsvs FREE SPACE

76

ALONG RAY TO CLOSEST APPROACH TO CENTER

cARTH

RAY TO THE FIRST INTERSECTION WITH QR CLOSEST

REACC 01
REACOC2
REACOD3
REACCO%
REACL 5
REACCOB
REACSO7
REACLLS
RZACLC9
REACC10
FEACOLL
REACT12

REACT13

REAT
REAC
REAC
CEAC
REAC
REAC
REAC
REAC
REAC
REAC
RTAC
REAC
REAC
REAC
REAC
RZAC
REAC
REAC
REAC
REAC
REAC
REAC
REAC
REAC
RZAC
REAC
REAC
REAC
REAG
REAC
REAC
REAC
REAC
REAC
REAC
REAC
REAC
REAC

S1 IS AT MOST THE DISTANCE TO A PERIGEEREAC

REAC
REAC
REAC
REAC
REAC
REAC
REAC
REAC

CONVERT POSITION AND DIRECTION TO SPHERICAL POLAR COORDINATESREAC
Cre¥vwxrraxs AT A DISTANCE S ALONG THE RAY

REAC
REAC
REAC
REAC

1«
15
16
17
13
11
Z1
21
22
23
24
25
26
27
23
273
23
31
32
33
3
35
36
37
38
39
%)
L1
L2
43
Ll
Ls
46
47
48
49
50
= |
52
53
54
55
56
57
58



Ceeevxvves "FFECTIVELY FREE SPACE

Cexvxxxese pAY IN THE IONOSPHERE.

IF (X.EQ.Ce) GO TO 20
CALL RINDEX

IF (SPACE) GO TO 20

IF (SSTEP.LT.0«5E-&4) GO TO 25

S=S~SSTEP

Cr*¥exs¥¥® QFCREASE STEP SIZE

2n
2000

25

SSTEP=SSTcP/10.
S=S+SSTEP
PRINT 2009, NSTEP

FORPMAT (9H EXCEEDED,I5,25H STEPS IN SUBROUTINE REACH)

CALL EXIT
IF(CROSS) S=AMINL(S,51)

STEP BACK OUT

REAC 65
REAC o7
REAC 68
REAC 69
REAC 73
REAC 71
REAC 72
REAC 73
REAC T4
REAC 75
REAL 75
RZAC 77
REAC 73
REAC 79

Cesrxxxvars CONVERT POSITION AND DIRECTION TO SPHERICAL POLAR COOGROINATESRDAC 23

CH¥esy sy

Cr¥ryrynns

CALL CAF POL

QU1I)=AMAXL1(R(1) ,EARTHR)

C¥*¥¥sre¥x¥ ONE STEP INTEGRATION

30
31

IF (N.LT.7} GO TO 31
00 30 NN=7,N

RONN) =P (NN} +S*¥DROT(NN)
T=7+S

CALL RINDEX

Cx¥x¥xr¥®® AT A PcRIGEE

PEFIGE=S. Q. (=-UP)

Ces*w¥yx¥x® CORAECT MINOR ERRORS

Cee#¥rxw¥x® KEEP COMSISTENCY AFTER CORRECTING MINOR ERRORS

IF (PERIGE) R(4)=0.

DROT(1)=R (4]

Ceexrx¥¥xvx QN THE GROUND

Ce¥*#¥xvexx® AT THE RECEIVER HEIGHT
THERE=S +EG+s SR, AND.CROSSR, ANDs« NOT . PERIGE
Ceeswrevver AT A CLOSEST APPROACH TO THE RECEIVER HEIGHT

C¥¥rwxy¥y® RENORMALIZE THE WAVE NORMAL OIRECTION TO
RALI=R (L) *V

GROUND=S.5Q.5G«AND.CROSSG

AT A OISTANCE S ALCNG THEZ

RAY

AYOID THE RAY BEING SLIGHTLY UNDZRGROUND

MINDIS=PERIGE<AND.S.EQes SR.AND.CROSSR

RSPACE=SPACE

V=SARTINZ2/(RIL)**2+R(B}**24R{6) **2))

R(5)=R(5)*V
RIBI=R(E)*V
RSTART=1.

IF (. NOT.SPACE} CALL PRINTR (BHENTR IONs0.)

RETURN
END

SUBROUTINE POL CAR
DIMENSION XO(6)sX(6!)sRO(G)
COMMON R(6) /COORD/ S

COMMON /CONST/ PIsPIT2sPID2sDUMI(S)

CONVERTS SPHERICAL COORDINATES TO CARTESIAN

IF (R(5)4FQe0seANDeR(H)EQeQs)

VERT=0.
SINA=SINIR{2)]
COSA=SIN(PID2~R(2))
SINP=SIN(R(3))
COSP=SIN(PID2-R(3))
X0(1)=R(1)*SINA*COSP
X0(2)=R(1)1%SINA*SINP
X0{3)=R(1)*COSA

77

GO TO 1

SQART(REAL (N¥%#2))

RZAC 81
RZAC A2
REAC 53
RcAC B4
REAC 85
REAC 46
RFAC 87
REAC 8%
REAC A9
REAC 31
REAC 91
REAC 22
REAC 93
REAC 94+
REAC <5
REAC 95
REAC 97
REAC 98
REAC 99
REACLGO
REAC1J1
REAC102
REAC193
REAC1CGL
REACLCS
REAC136
REACLG7
REAC1038
REACLG9I
REAC110
REAC111
REAC112~-

POLCOO1
POLCO02
POLCOO03
POLCOO4
POLCOOS
POLCOO6
POLCOOY
POLCO08
POLCOO9
POLCO10
POLCO11
POLCO12
POLCO13
POLCO14
POLCO15



[aNaXa!

X(4)=R{4)%SINA®COSP+R(5) *COSA*¥COSP-R(6)*SINP POLCO16

X(5)=R{4)%*SINA®*SINP+R(5)*COSA*SINP+R(6)*COSP POLCO17
X(6)=R(4)*COSA=R(5)*5INA POLCO18
RETURN POLCO19
VERTICAL INCIDENCE POLCO20

1 VERT=1. POLCO21
RO(1)=R(1) POLCO22
RO(2)=R(2) POLCO23
RO(3)=R(3) POLCO24
RO(4)=SIGN (1esRIl&)) POLCO25
RETURN POLCO26
POLCOZ27

STEPS THE RAY A DISTANCE Ss AND THEN POLCO28
CONVERTS CARTESTAN COORDINATES TO SPHERICAL COORDINATES POLC029

ENTRY CAR POL POLCO30
IF (VERTsNE«O«} GO TO ? POLCO31
X(11=X0(1)+5S%X(4) POLCO32
X(2)=X0{2)+5*X(5) POLCO33
X(3)=X0(3)+5%X(g) POLCO34
TEMP=SQRT(X (1) #%24X(2)#%2) POLCO35
RI1V=SQRT(X (1) #%24X(2)#%24X(3)%%2) POLCO36
R(Z}=ATANZ{TEMP sX(3)) POLCO37
RO3)=ATANZ(X(2)sX(1)) POLCO38
RI4)=(X(1)#X(4)+X(2)¥X(5)+X(3)%X(6))/R(1) POLCO39
RIS)I=(X(3)®IXI1I*X{4)+X(2)%X(5) )= (X (1) *X24X(2)%%2)%X(6))/ POLC040

1 (R{1)*TEMP! POLCO41
RIG)I=(X(1)I%X(5)=X(2)%*X{4))/TEMP POLCO42
RETURN POLCO43
VERTICAL INCIDENCE POLCO&44

2 R(1)=RO(1)+RO(4)*5 POLCO45
R{2)=R0O(2) POLCO46
R(3)=R0O(3) POLCO&4T
R(4)=RO(4) POLCO48
R(5)=0e POLC049
R{6)=0e POLCOS50
RETURN POLCO51
END POLC 52-
SUBROUTINE PRINTR (NWHY,CARD) PRINQO1
PRINTS QUTPUT AND PUNCHES RAYSETS WHEN REQUESTED PRINOO2
DIMENSION G(3s3)56G1(3,3),TYPE(3),HEADR1(20),HEADR2(20),UNITS(20), PRINOD3
1 HEAD1(20) ,HEAD2(20) 4 UNIT(20) 4RPRINT(20) {NPR(20) PRINOOGL
COMMON /CONST/ PI.PIT2,PID2,0EGS,RAD,DUM(3) PRINOOS
COMMON /FLG/ NTYP,NEWWRyNEWKWP, PENET, LINES; IHOP,HPUNCH PRINODG
COMMON /RIN/ MODRIN(3) ,COLL,FIELD, SPACE,N2,N2I,PNP(10) POLAR(2), PRINOO7
1 LPOLAR(2) PRINODS
COMMON R(20) 4T /WH/ ID(10),HO,W (400) PRINOOS
EAUIVALENCE (THETA,R(2)) 4 (PHI,R(3)) PRINO10O
EQUIVALENCE (EARTHRyW(2)) 4 (XMTRH )W (3)) y(TLAT s W (4)) o (TLON;W(5)), PRINO11
L (FyW(D) )y (AZLsW(10) )3 (BETAyW(14)) 3 (RCVRHsW(20)) 4 (HOPyW(22)), PRINOL2Z
2 (PLAT,H(24) )y (PLON,W(25)) 5 (RAYSET,H(72)) PRINOL3
LOGICAL SPACE,NEWWR,NEWWP,PENET PRINOLY
REAL N2,4N2I,LPOLAR PRINOLS
COMPLEX PNP PRIND16
DATA (TYPE=1HX,1HN,1HO) PRINO17

243 (HEADR1(7)=564 PHAS),(HZADR2(7)=6HE PATH) s (UNITS(7)=6H KM
3 (HEADR1(8)=8H ABS0),(HEADR2(8)=6HRPTION), (UNITS(8)=6H o8

) PRIND18
)

% (HEADOR1(3)=8BH DOP) 4 (HEADRZ2(Q)=6HPLER ), (UNITS(9)=6H C/S )
K

PRIND19

’

’

’

M ) PRINODZ23

PRINO20

5 (HEADR1(10)=5H PATH ) ,{HEADR2(10) =bHLENGTH) 4 (UNITS(10)=6H
CALL RINDEX PRINOZ24
IF (.NOT.NEAW?) GO TO 10 PRINOZ2S

78



Crevxrssev® NEW W ARRAY -- REINITIALIZE
NEWWP=,FALSE.

SPL=SIN (PLON-TLON)
CPL=SIN (PID2=-(FLON=TLON))
SP=SIN (PLAT)

GP=SIN (PIDZ2-PLAT)

SL=SIN (TLAT)

CL=SIN (PIDZ2-TLAT)

Ceevreverxr MATRIX TI ROTATE COORDINATES
G(1,1)=CPL*SP¥CL-CP¥*3SL
G(1,2)=SPL¥SP
G(143)==SL*SP*C FL~-CL*CP
G(251)=-SPL*CL
G(2,2)=CPL
G(2,3)=S5L*SPL
G(3,1)=CL*CP*CPL+SP*SL
G(3,2)=CP*SPL
G{3,3)==-SL*CP*CFL+SP*CL

PRIN026
PRIN027
PRIN028
PRIN029
PRIN0O30O
PRINO31
PRINO32
PRINO33
PRINO3%
PRIN0O3S
PRIN036
PRING37
PRIND38
PRIN039
PRINO4O
PRINO&41
PRINO42
PRINO43

DENM=G(1,1)%G(2,2)*G(3,3) ¢G(1,2)%G(3,1)%G(2,3)+6(2,1)%G(3,2)*G(1,3PRINDLL

1)=6(2,2) %6 (351)%G(1,3)=6(1,2)%¥G(2,1)*G(3,3)=G(1,1)*%G(3,2)*G(2,3)
C¥s¥srvvsx THE MATRIX Gi IS THE INVERSE OF THE MATRIX G
GL(1,1)=(G(2,2)%G(3,3)-G(3,2)%G(2,3)) /DENM
G1(1,2)=(G(342)%6 (1,3)=6(1,2) %G (3,3)) /DENM
GL(1,3)=(G(1,2)%G(2,3)-G(2,2)%G(1,3)) /DENM
GL(2,1) 2(56(3+1)%6(2,3) =6(2,1)*G(3,3)) /DENH
61(242)=(6G(1,1)%G(3,3)-G(3,1)%G (1,3)) /DENM
G1(2,3)=(G(2+1)*G(1,3)-6(1,1)*G(2,3)) /DENM
GL(341)=(G(241)%G(3,2)-6(3,1)%G(2,2)) /DENM
61(3,2)=(G(3,1)%G(1,2)-G(1,1)*G(3,2)) /DENM
GL(3,3)=(G(1+1)%6(2+2)=6(2,1)*G(1,2)) /DENM
RO=EARTHR ¢ XMTRH
Crvsvsssvs CARTESIAN COORDINATES OF TRANSMITTER
XR=RO*G (1,1)
YR=RO%G (2, 1)
ZR=R0O*G (34 1)
CTHR=G(3,1) _
STHR=SIN (ACOS (CTHR))
PHIR=ATANZ (YR, XR)
ALPH=ATANZ (6(342) ,6(3,3))
c'-“¥¥¥'!!
NR=6
NP=0
D0 7 NN=T7,20
IF (M(NN#50) .EQ.0.) GO TO 7
Ceevsssvsss DEPENDENT VARIABLE NJYMBER NN IS SEING INTEGRATED
Cesvsexesy NR IS THE NUMBER OF DEPENDENT VARIABLES BEING INTEGRATED
NR=NR+1
IF (W(NN¢50) .NE.2.) GO TO 7

PRINO4LS
PRINO4B
PRINDLT
PRINOLS
PRINOL9
PRINOSO
PRINOS1
PRINOS2
PRINOS3
PRINOS4
PRINOSS
PRINOS6
PRINOS7
PRINOSS
PRINOSS
PRINQGD
PRINOG1
PRINOG2
PRINOG3
PRINOG4
PRINO65
PRINOGE
PRINOGY
PRINOGB
PRINOGY
PRINO70
PRINO71
PRINO72
PRINO73

Crvewvvvss DEPENDENT VARIABLE NJMBER NN IS BEING INTEGRATED AND PRINTED.PRINO7&4
Ceevrevsss NP IS THE NUMBER OF DEPENDENT VARIABLES BEING INTEGRATED AND PRINO7S

Cere¥vevss PRINTE)D
NP=NP#1
C¥*¥¥vvvs® SAVE THE INDEX OF THE DEPENDENT VARIABLE TO PRINT

NPR (NP) =NR
AEADL (NP) =HEADRL (NN)
HEADZ2 (NP) =HEADR 2(NN}
UNIT(NP)I=UNITS (NN)

7 GONTINUE
NP1=MINO (NP, 3)
PDEV=ABSORB=D0PP=0.
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PRINO76
PRINO77
PRINO78
PRINO79
PRINOBO
PRINOB1
PRINOB2Z
PRINOB3
PRINO8L
PRINOBS



Ce¥¥¥vvwvy PRINT COLUMN HEADINGS AT THE 3EGINNING OF EACH RAY PRINOD&E

10 IF (IHOP.NE.QO} GO TO 12 PRINQO8Y
PRINT 1100, (HEADL1 (NN),HEADZ (NN),NN=1,NP1) PRINOBS

1100 FORMAT (4bX, 7TAAZIMUTH/ 43X, 9HDEVIATION,B8Xs9HELEVATION/ PRINOBY
1 19X,16HHEIGHT RANGE, 1 X5 2(5Xs 12HXMTR LOCAL) +65X,26HPOLARIZATIPRINGSO

20N GROUP PATH,5A6,A5) PRINOS1
PRINT 1150, (JNIT(NN),NN=1,NP1) PRIND92

115] FORMAT (13Xs2(8X,32HKM) 42K42(6X s 3HDEG5XsIHDEG) 46Xy L12HREAL TMAG, PRINO93
1 7X 2HKMy 4Xe3 (44X, AB2X)) PRINOSG

IF (RAYSET.EQ.0.) GO TO 12 PRINOSS
Ce*¥rrrv+® PYUNCH A TRANSMITTER RAYSET PRINDIG
TLOND=TLON*DEGS PRINOSY

IF (TLOND«LT+0+) TLOND=TLOND+360. PRINOS9S
TLATD=TLAT*DEGS PRINDI9

IF (TLATD«LT.0.) TLATD=TLATD+360. PRIN1OO
AZ=AZ1*DESS PRIN1O1
EL=BETA*DEGS PRIN1O2
NHOP=HQOP PRIN103

PUNCH 1200, ID(1) s TYPE(NTYP) yXMTRHsTLATOD,y TLOND yRCVRH,F,AZ+EL,POLARPRINLO
1sNHOP 4 LHT PRIN10O5

1200 FORMAT (A3,A1,4PF9,0,3P2F6.0,4P2F9.0+y5P2F 10.0,5X42P2F 5.0,y I1,A1) PRIN106
Crervrivrpre PRIN1O7
12 V=0, PRIN108

IF (N2«NEoQOe) V=(R(4)¥*2+R{(5)**¥2+R (D) *¥*2) /N2-1. PRIN109

H=R (1) -EARTHR PRIN110
STH=SIN (THETA) PRIN111
GTH=SIN (PID2-THETA) PRIN112
C¥¥¥esrxassd CARTESIAN COCRDINATES OF RAY POINT, ORIGIN AT TRANSMITTER PRIN113
KP=R(1) *STH*SIN (PID2-PHI)-XR PRIN11G
YP=R(1) *STH¥SIN (PHI)~-YR PRIN11S
ZP=R(1) *CTH-ZR PRINii&
Cerrvvrvsrs CARTESIAN COORDINATES OF RAY POINT, ORIGIN AT TRANSMITTER ANOPRIN1i7
Crevssrevs ROTATED PRIN118
EPS=XP*G1(1,1) +YP¥G1(1,2) +ZP*G1(1,3) PRINi19
ETA=XP*G1(2,1) +YP*G1(2,2) +ZP*G1 (2, 3) PRINL2Z2O
ZETA=XP*G1(3,1) +YP*G1(3,2) +ZP*G1(3,3) PRIN121
RCEZ2=ETA®® 24 ZETA®*2 PRIN122
RCE=SQRT (RCE2) PRIN123
CHes¥¥¥¥®® GROUND RANGE PRINiZG
RANGE=EARTHR*ATANZ (RCE,EARTHR+EPS} PRIN125
Ceevrvrrrr ANGLE OF WAVE NORMAL WITH LOCAL HORIZONTAL PRIN126
ELL=ATANZ(R{4) s SART (R(5)**2+R(B)**¥2)) *DEGS PRIN127
Crer¥esers STRAIGHT LINE DISTANCZE FROM TRANSMITTER TO RAY POINT PRIN128
SR=SQRT (RCE2+EPS**2) PRIN129

IF (NP.LT.1) GO YO 16 PRIN130

D0 15 I=1,NP PRIN131
NN=NPRI(TI) PRIN132

15 RPRINT(I)=RINN) PRIN133

16 IF (SR.GE.1.E=6) GO TO 20 PRINL34
Ce¥ssress® TQO CLOSE TO TRANSMITTER TO CALCULATE DIRECTION FROM PRIN135
Crerrrvesy TRANSMITTER PRIN136
PRINT 1500, VyNWHYHsRANGE-ELL 4 POLAR T 5 {RPRINT (NNJ sNN=1,NP1)} PRIN137

1500 FORMAT (11X EH6e0y1XsAByFLl0elsF1l k426X sF8.3,F9.3,F8.3,4F12.4) PRINL3S8
GO TO 40 PRIN1i39
Cev+ssvevsy ELEYATION ANGLE OF RAY POINT FROM TRANSMITTER PRIN14O
20 EL=ATANZ{(EPS,RCE}*DEGS PRIN14L

IF (RCE.GE.L.E-B) GO TO 30 PRIN1G42
Cevesvvrvss NEARLY DIRECTLY ABOVE OR BELOW TRANSMITTER. CAN NOT CALCULATEPRIN143
Cresxverrs AZIMJTH DIRECTION FROM TRANSMITTER ACCURATELY PRIN14L
PRINT 2500, Vs NWHY yHyRANGESELyELLyPOLAR,T, (RPRINT (NN)NN=1,NP1)} PRIN14S

2500 FORMAT (L1XsEBeQ 31X 4AByFL10obsF1laley17X,F9.3,F8.3,F3.3,F8.3, PRINiGLE
1 &Fi12.4) PRIN1LY

GO TO %0 ' PRINLILS
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Cy¥¥¥¥rewxs® AZIMUTH ANGLE OF RAY POINT FROM TRANSMITTER
30 ANGA=ATANZ(ETA,ZETA)
AZOEV=180.-AMOD(540.~-(AZ1-ANGA) *0EGS,360.)
IF (R(5).NE.De«OR.R(B)NE.O.) GO TO 34
Cewesrvvrx® WAVE NORMAL IS VERTICAL, SO AZIMUTH DIRECTION CANNOT BE
Cee*rewvss CALCULATED

PRINT 3000, Ve NHHY sHsRANGZ s AZDEVyELsELLyPOLAR, Ty (RPRINT (NN) y NN=1 ,

1 NP1)
3000 FORMAT (1XsEBe0s1XsAByF1D ol sFL1loatiyFIe3,8X,FI.3,F8.3,F9.3,FB83,
1 4F12.4)
GO TO 40
34 ANA=ANGA-ALPH
SANA=SIN (ANA)
SPHI=SANA®*STHR/STH
CPHI==SIN (PID2-ANA)Y*SIN (PID2-(PHI-PHIR))+SANA*SIN (PHI-PHIR)
1 *CTHR '

PRIN14S9
PRIN150
PRIN151
PRIN152
PRIN153
PRIN154
PRIN155
PRIN156
PRIN157
PRIN158
PRIN159
PRIN160
PRIN161
PRIN162
PRIN163
PRIN16Y4

AZA=180.=-AMOD (540.~(ATANZ (SPHI,CPHI}-ATAN2{(R(6),R(5)))*0DEGS,360.)PRINL6S
PRINT 3500, VyNWHY H,RANSE,AZDEVsAZASELELLyPOLAR,T, (RPRINT(NN), NNPRIN1G6

1 =1,NP1L)}
3500 FORMAT (1X4EBe 091X sAByF10e49F1lett92(FI.3,FB43),FI.3,F8.3,
1 4F12.4)
CFre® 533058
40 LINES=LINES+1
IF (NP.LE.3) GO TO 45
Ceverxevens ADDITIONAL LINE TO PRINT REMAINING DEPENDENT INTEGRATION
Crerevrres YARTABLES
PRINT 4000, (RPRINT(NN)y¢NN=4 4NP)
4000 FORMAT (99X, 3F12.4&)
LINES=LINES+1
45 IF (CARD.EQ.0.) RETURN
C
Cr*¥®¥ev8s8% PUNCH A RAYSET
IF (AZDEV.LT.=-90.) AZDEV=AZOEV+360.
IF (AZA.LT.=30.) AZA=AZA+360.
TDEV=T=-SR
NR=6
IF (W(57).EQ.0.) GO TO 47
Cevressvses PHASE PATH
NR=NR+1
PDEV=R(NR) -5
+7 IF (W(58).EQ.D.) GO TO 48
Ceevrrerssy ARSORPTION
NR=NR+1
ABSORB=R(NR)
C¥verrer¥® DOPPLER SHIFT
48 IF (W(59)«NE.0.) DOPP=R(NR+1)
PUNCH %508, HPUNCHsRANGE;AZDEV'AZA,ELLQSRsTDEU.PDEV:ABSDRBvDDPP.
1 POLARyIHOP,NWHY
4500 FORMAT (LkP2F34 0y 3P3F6.0¢y3PFB.033P4FB.0+2P2F5.04,I15A1)
RETURN
END
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INPUT PARAMETER FORM FOR PLOTTING THE PROJECTION

OF THE RAY PATH ON A VERTICAL PLANE

Coordinates of the left edge of the graph:

rad
Latitude = deg mnorth (W83)
km

rad

Longitude = deg east (W84)
km

Coordinates of the right edge of the graph:

rad
deg north (W85)
km

1

Latitude

rad
deg east (W86)
km

1l

Longitude

Height above the ground of the bottom of the graph =

rad

Distance between tic marks = deg (W87)
km

(W81 = 1.)

82

km (W88)



INPUT PARAMETER FORM FOR PLOTTING THE PROJECTION

OF THE RAY PATH ON THE GROUND

Coordinates of the left edge of the graph:

rad
deg mnorth (W83)
km

Latitude

rad
deg east (W84)
km

1

Longitude

Coordinates of the right edge of the graph:

rad
deg north (W85)
km

1

Latitude

rad
deg east (W86)
km

1

Longitude

1l

Factor to expand lateral deviation scale by

1

Distance between tic marks on range scale

(W81 = 2.)

83

(W82)

rad
deg
km

(W87)



SUBROUT

84

INF RAYPLT YPLTOO1

c REPLACES SUBROUTINES RAYPLTsPLOTs AND LABPLT IF PLOTS ARE YPLTOO2
C NOT WANTED OR IF A PLOTTER IS NOT AVAILABLE YPLTOO03
COMMON /WW/ ID(10}sWOsW(400) YPLTOO04
FQUIVALENCE (PLTsW{81)) YPLTOOS
PLT=0, YPLT0O6
ENTRY ENDPLT YPLTOO7
RETURN YPLTOOS
END YPLT 9-
SUBROUTINE RAYPLT RAYPOO1

c W(81)=1e PLOTS PROJECTION OF RAYPATH ON VERTICAL PLANE RAYPOO?2
C =2, PLOTS PROJECTION OF RAYPATH ON GROUND RAYPOO3
COMMON /PLT/ XL sXRsYBsYTsRESET RAYPOOL
COMMON /CONST/ PIsPIT2sPID2sDUMI(5) RAYPQOOS
COMMON /FLG/ NTYP,NEWWR sNEWWP s PENET sLINES s THOP s HPUNCH RAYPOOG
COMMON R(&) /WW/ IDI10) sWOsW (400! RAYPOOQOT
EQUIVALENCFE (THsR(2)!s(PHsR(3)) RAYPOQOS
EQUIVALENCE (EARTHRsW{2))s(PLATsW(24))s(PLONsWI(25))s(PLTsW(B1))s RAYPCO9

1 (FACTRsW(82)) s (LLATsW(83) )1 s (LLONsW(B4)1+{RLATsWI(BS5)) s (RLON,W(86))RAYPO1O0

29 TICsWIBT)) s (HRsW(BB)) RAYPQ11

REAL LLATsLLOMNSLTIC RAYPO12
LOGICAL NEWWRsNEWWPsPENET RAYPO13

IF («NOT.NEWWR) GO TO 5 RAYPO14

C RAYPO15
C NEW W ARRAY =— REINITIALIZE RAYPO16
NEWWR=eFALSE s RAYPO17
RESET=1. RAYPO18
CONVERT COORDINATES OF VERTICAL PLANE FROM GEOGRAPHIC TO GEUMAGNETIC RAYPO19
SW=SIN [(PLAT) RAYPOZ20
CW=SIN (PID2-PLAT) RAYPO21
SLM=SIN (LLAT) RAYPO2?2
CLM=SIN (PID2-LLAT) RAYPOZ3
SRM=STIN (RLAT) RAYPO24
CRM=SIN (PID2-RLAT! RAYPO25
CDPHI=SIN (PID2-(LLON-PLON)) RAYPO26
PHL=ATANZ2 (SIN (LLON-PLON}*CLMsCDPHI*SW*CLM=CW®SLM) RAYPO27
CTHL=CDPHI*CW*CLM+SW¥*SLM RAYPO28
STHL=SIN (ACOS (CTHL!) RAYPO029
CDPHI=SIN (PID2~{RLON-PLON)] RAYPO30
PHR=ATANZ2(SIN (RLON=PLON)#*CRMsCDPHI*SW*CRM-CW*SRM} RAYPO31
CTHR=CDPHI*CW*CRM+SW*SRM RAYPO32
STHR=SIN (ACOS (CTHR!)) RAYPO33
CLR=CTHL*CTHR+STHL#STHR*SIN (PID2-(PHL-PHR)) RAYPO34
SLR=SQRT (1e-CLR¥%2) RAYPO35

IF (PLTeEQe2s) GO TO 3 RAYPO 36
FACTR=1. RAYPO37
RO=EARTHR+HB RAYPO38
ALPHA=«5%ACOS (CLR) RAYPO39
XR=RO®#SIN (ALPHA} RAYPO0&O
XL==XR RAYPO41
YB=RO*SIN (PID2-ALPHA) RAYPO&42
YT=YB+2+#*XR RAYPO&43

GO TO 5 RAYPO &4

3 IF (FACTReEQsOe! FACTR=1le. RAYPO 45
ALPH1=ATAN2 (STHR*SIN (PHR-PHL) s {CTHR-CTHL*CLR)/STHL) RAYPO 46

XL=0, RAYPO4T
XR=EARTHR®ACOS (CLR) RAYPO48
YT=0,5%#XR/FACTR RAYPO49
YB=-YT RAYPOS50



5

10

20

25

30

40

50

STH=SIN (TH)
CTH=SIN (PID2-TH)

CR=CTHR*CTH+STHR*STH*SIN
CL=CTHL*CTH+STHL*STH*SIN
CEA=ATANZ (CR-CL*CLR»CL*SLR)

NEW=1
IF (IHOP.NE«Q} NEW=0

IF (PLT«EQe2e!) GO TO 10
CALL PLOT (R(1)*SIN(CEA-ALPHA)sR(1)*SIN(PID2-(CEA-ALPHA) ) sNEW)

RETURN
SL=SQRT (1e—-CL*%2)
TMP1=STH*SIN (PH-PHL)

TMP2=(CTH-CTHL*CL) /STHL

ALPHZ2=0.

IF (TMP1.NEeQeeOReTMP2NE&Os)
CALL PLOT (EARTHR¥CEAsEARTHR*ASIN(SL*SIN

RETURN

DRAW AXES AND CALL FOR LABELING AND TERMINATION OF THIS PLOT

ENTRY ENDPLT
TICKX=0e01%{YT-YB)

IF (PLT+EQe2s) GO TO 25

R1=FARTHR-TICKX
X=xL

Y=YB

CALL PLOT (XsYsl)
NTIC=2

IF (TICeNEeQel NTIC=NTIC+2+*ALPHA/TIC
NLINE=MAXO {1s100/NTIC)

DO 20 I=1sNTIC
ANG==ALPHA+(I=1)1*TIC

CALL PLOT (R1*SIN (ANG)sR1*SIN

CALL PLOT (XsYs0!
DO 20 J=1sNLINE

ANG=ANG+TIC/NLINE
X=EARTHR*SIN (ANG)

Y=EARTHR#SIN (PID2-ANG)

CALL PLOT (XsYs0)
CALL PLOT (XRsYBsO)
Go TO 50
DTIC=TIC*EARTHR
LTIC=DTIC/FACTR
TICY=XL+0+01%*(XR=XL)
NTIC=YT/LTIC
TIC1==LTIC*NTIC
CALL PLOT (XLsYBs1)
NTIC=2%NTIC+1
DO 30 I=1sNTIC
Y=TIC1+(I~-1)%LTIC
CALL PLOT (XLsY»0)
CALL PLOT (TICYsY»0)
CALL PLOT (XLsYsO!
CALL PLOT (XLsYT»s0)
CALL PLOT (XLsDes1)
NTIC=(XR-XL)/DTIC
DO 40 I=1sNTIC
X=1#pTIC
CALL PLOT (X30es0)
CALL PLOT (XsTICKXs0!
CALL PLOT (Xs0es0)
CALL PLOT (XRs0es0)
CALL LABPLT
CALL PLTEND
RETURN

END

(PID2=-(PHR-PH))
(PID2-(PHL-PH))

ALPHZ=ATANZ2 (TMP1,TMP2)
(ALPH1=ALPH2) ) sNEW)

(PID2-ANG) s0)
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RAYPOS1
RAYPOS2
RAYPO53
RAYPOS4
RAYPOS5
RAYPOS56E
RAYPOS7
RAYPOS58
RAYPOS9
RAYPOgQ
RAYPOg1
RAYPOg2
RAYPO63
RAYPOG4
RAYPOGS
RAYPOG6
RAYPO&7
RAYPOgS
RAYPOG9
RAYPQ70
RAYPO71
RAYPO72
RAYPO73
RAYPO74
RAYPO7S
RAYPO76
RAYPOT7
RAYPO 78
RAYPOT9
RAYPOBO
RAYPO81
RAYPOB82
RAYPOS3
RAYPO84
RAYPOBS
RAYPOBG
RAYPO8T
RAYPOSS
RAYPOS89
RAYPQOS0
RAYPO91
RAYP0O92
RAYP0OQ3
RAYPO94
RAYPOSS
RAYPQ96
RAYPOS7
RAYPO9S8
RAYPQ99
RAYP100
RAYP101
RAYP102
RAYP103
RAYP104
RAYP105
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11

12

13

14

16

20

21

22

26

20

SUBROUTINE PLOT (XsYsNEW)

COMMON /PLT/ XMINOs»XMAXOsYMINOsYMAXOsRESET

COMMON /DD/ INTsIORsITsISsICsICCsIXslY

DATA (INITAL=1)s(MINX=0) s (MINY=0)s (MAXX=1023) s (MAXY=1023)»
1 (MINX0=23)s(MINY0=23)s(MAXX0=1023),(MAXY0=1023)

INITIALIZE LIBRARY PLOTTING ROUTINES
IF (INITAL.EQeQ) GO TO 1
INITAL=0n
CALL DDINIT (1s1H )

COMPUTE SCALE FACTORS
IF (RESET.EQeOe) GO TO 5
RESET=0.
XSCALE=(MAXXC-MINXQ)/{XMAXO=XMINQ)
YSCALE=(MAXYO-MINYOQO )/ (YMAXO-YMINOQ
XMIN=XMINO=(MINXO-MINX)/XSCALE
YMIN=YMINO-(MINYO=-MINY)/YSCALE
XMAX=XMAXO+(MAXX-MAXX0)/XSCALE
YMAX=YMAX0+{MAXY-MAXYO ) /YSCALE

START A NEW LINE
IF (NEW.EQ«Q) GO TO 10
IX=MINXO+(X=XMINQ) *XSCALF
IY=MINYO+(Y=-YMINO) ®#*YSCALE

IF (IXeGEeMINXeANDeIXeLEeMAXX e ANDoIYoeGEeMINY e ANDoIYoLE«MAXY)

1 CALL DDRP
GO TO 50

HORIZONTAL DISPLACEMENT
XS=X-XOLD
YS=Y-YOLD
IF (XS) 11s12s16

NEGATIVE
X1=XMAX
X2=XMIN
GO To 20

ZERO
IF (YS) 13+50s14
S1=(YMAX=-YOLD!/YS
S2=(YMIN=YOLD!/YS
GO TO 40
S1=(YMIN=YOLD!/YS
S2=(YMAX-YOLD)/YS
GO TO 4n

POSITIVE
X1=XMIN
X2=XMAX

VERTICAL DISPLACEMENT
IF (YS) 21+22926
NEGATIVE
Y1=YMAX
Y2=YMIN
GO To 30
ZERD
S1=(X1=XOLD!/XS
S2=(X2-x0LD) /XS
GO TO 40
POSITIVE
Y1=YMIN
Y2=YMAX

S1=AMAX1((X1-XOLD)/XSs(Y1-YOLD)/YS)
S2=AMINI((X2-XOLD!/XSs{¥2-YOLD)/YS)
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PLOTOQO1
PLOTOO02
PLOTOO3
PLOTO0O4
PLOTQOS
PLOTOQQG
PLOTOO7
PLQTOQOSg
PLOTO09
PLOTO10
PLOTO11
PLOTO12
PLOTO13
PLOTO14
PLOTO1S
PLOTO16
PLOTQ17
PLOTO18
PLOTO19
PLOT020
PLOTO21
PLOTO022
PLOTO23
PLOTO24
PLOTO25
PLOTO26
PLOTO27
PLOTO28
PLOTO29
PLOTO30
PLOTO31
PLOTO32
PLOTO033
PLOTO34
PLOTO35
PLOTO36
PLOTO37
PLOTO38
PLOTO39
PLOTO40
PLOTO41
PLOTO42
PLOTO043
PLOTO&4
PLOTO45
PLOTO46
PLOTO4T
PLOTO48
PLOTO049
PLOTOS50
PLOTO51
PLOTO52
PLOTO53
PLOTOS4
PLOTO55
PLOTOS6
PLOTO57
PLOTOS8
PLOTOS9
PLOT060
PLOTO&1
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PLOTO063
PLOTO64
PLOTO065



40

42

44

50

1000

2030

PLOT LINE -—- CHECKING FOR BQRDER CROSSINGS
S=SQRT(XS**2+YS*%7)
IF (S2eLTe0e¢eOReS*51-5+GTe0s) GO TO 50

PREVIQUS POINT OFF GRAPH
IX=MINXQO+ (XOLD+XS*S1-XMINQ) *XSCALE+Ne5
[Y=MINYQ+(YOLD+YS*S1~YMINQO)*YSCALE+N.5
CALL DDBP
IF (S*SZ*SoGTlOQI GO TO 44

CURRENT POINT OFF GRAPH
IX=MINXQ+(XOLD+XS*#S2-XMINQ ) *¥*XSCALE+N+5
IY=SMINYO+(YOLD+YS*S2-YMINO) *YSCALE+N.5
CALL DDvC
GO To 50

CURRENT POINT ON GRAPH
IX=MINXQO+(X-XMINO ) *XSCALE+0.5
IY=MINYQO+(Y-YMINO}*#YSCALE+0a5
CALL DDVC

EXIT ROUTINE
XoLb=X
YOLD=Y
RETURN

TERMINATE THE CURRENT PLOT
ENTRY PLTEND
CALL DDFR
RETURN
END

SUSROUTINE LABSPLT
LABEL THE CURRENT PLOT

JIMENSION LABEL(9) ,TYPE(3)

COMMON 73D/ INTHICRSIT,IS,IC,ICCsIX,1Y

COMMON /CONST/ PI4PIT2,PID2,DEGS:DUM(4)

COMMON /FLG/ NTYP sNEWWRy,NEWWP,PENET, LINES s IHOP ,HPUNCH

COMMON /WW/ ID(10) WO,W(40D)

EQUIVALENCE (EARTHR W(2)) 4 (FyW(B)) 3 (AZ1,W(10)),(PLT,H(B1)),
1 (FACTR,W(82))4(TIC,W(87))

LIGICAL NEWWRyNEWWP,PENET

REAL LTIC

JATA (TYPE=BHZIXTRAORD,8HND FIELD,8HORDINARY)

IOR=IT=0

IS=2

IX=0 $ IY=1023 $ CALL DDTAB § CALL ODTEXT (7,I0)

NOATE=IDATEC(Q)

CALL DOTEXT (1,NDATE)

AZA=AZ1*DEGS

DTIC=TIC*EARTHR

ENCODE (72,1000,LABEL) F,AZA,TYPE(NTYP),DTIC

FORMAT (3HF =,F?.3,6H1 AZ =9F7.2|2H, |A5’2H' 2 F7e2924H KM BETWEEN

1TICK MARKS#.)

IX=0 $ IY=991 $ CALL ODTAB $ CALL DDTEXT (9,LABEL)

IF (PLT.EQ.1.) RETURN

LTIC=DTIC/FACTR

ENCODE (32,2000,LABEL) LTIC

FORMAT (F7.2,244H KM BETWEEN TICK MARKSZ.)
I0R=1

IX=0 § 1Iv=0 $§ CALL DDTAB $ CALL ODTEXT ({4,LABEL)

I0R=(
RETURN
END
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320

1000

1631

1356

1034

1039

1400

150

2000

2048

2051

SUBROUTINE RKAM
NUMERICAL INTEGRATION OF DIFFERENTIAL EQUATIGONS
COMMON /RK/ NNsSPACE,MODE,EL1MAX.ELMIN, E2ZMAX, E2ZMIN,FACT,RSTART
COMMON Y (20) ,T,STEP,DYDT(20)
DIMENSION DELY(4+20)sBET(%) 4 XV(5) FV{4,20),YU(5,20)
TYPE DOJBLE YU
IF (RSTART.EQ.0.) GC TO 1000
LL=MM=1
IF (MODE.EQel) MM=4
ALPHA=T
EPM=0.0
BET(1)=BET(2)=0.5
BET(3)=1.1]
BET (4)=0.10
STEP=SPACE
R=19.0/270.0
XV (MM) =T
IF (E1MIN.LE.D0.) EIMIN=ELMAX/55.
IF (FACT.LE.D.) FACT=0.5
CALL HAMLTN
DJ 3206 I=1,NN
FVIMM,I)=0Y0T(I)
YU(MM,I) =Y (I}
RSTART=0.
GO TO 1001
IF (MODE.NE.1} GO TO 2000

RUNGE-KUTTA
DO 1034 K=1,4
DO 1350 I=1,NN
DELY (K, I) =STEP*FV (MM, T)
ZzYU(MM,I)
Y(I)=Z+BET(X)®OELY (K,s 1)
T=BET (K) *STEP+XV (MM)
CALL HAMLFN
DO 103% I=1,NN
FV(MM,I)=0YDT(I)
00 1039 I=1,NN
DEL=(DELY(14I)+2.0%*DELY(2,I)+2.0%0ELY (3, L) +DELY (LoI)) /6.0
YU(MM+1, 1) =YU (MM, I) +DEL
MM=MMe1
XV (MM)=XV(MM=1) +STEP
D0 1400 I=1,NN
Y(I)=YU(MM,I)
T=XV(MM)
CALL HAMLTN
IF (MODE.EQ.1) GO TO 42
D0 150 I=1,NN
FV (MM, I}=DYDT(I)
IF (MM.LE.3) 30 TO 1001

ADAMS-MOULTON
00 2048 I=14NN
DEL=STEP® (S5 .¥FV(bysI) =59 *FV(3,T)+37a*FV(2,1)=9.%*FV{L1,I)) /24,
Y(I)=YU(4, 1) ¢DEL
DELY (1, I}=Y(I)
T=XV(4)+STEP
CALL HAMLTN
XV (5)=T
DO 2051 I=1,NN
DEL=STEP* {9 *DYDT(I)+19*FV (4, IY-5 *FV (3,1} ¢FV(2,1))/24.
YU(S5,I)=YU{4,I)+DEL
Y(I)=YU(5,1)
CALL HAMLTN
IF (MODE.LE.2) GO TO 42
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3033

3035

5363

L2

12

ERROR ANALYSIS
SSE=0.0
DO 3033 I=1sNN
EPSIL=R®ABS(Y(I)-DELY{(1,I))
IF (MODE-EQs3+AND.Y(I) NEsOs) EPSIL=EPSIL/ABS(Y(I))
IF (SSE.LT.EPSIL) SSE=EPSIL
CONTINUE
IF (E1MAX.GT.SSE) GC TO 3035
IF (ABS(STEP).LE.E2MIN) 30 TO 42
LL=MM=1
STEP=STEP®*FACT
GO TO 1001
IF (LLeLE«1s0R+SSEGEEL{YIN.OR.E2MAX.LE-.ABS(STEP)) GJ TO 42
LL=2
MM=3
XV (2)=XV(3)
XV (3)=X¥(5)
D0 5363 I=1,4NN
FVv(2,I)=FVvI(3,1)
FV(3,I)=0YDT(I)
YU(24,I)=YJ(3,1)
YU(3,I)=YJ(5,1)
STEP=2,0%3STEP

G0 TO 1001

EXIT ROUTINE
LL=2
MM=t

J0 12 K=1,3
XV (K)=XV(K#L)
DO 12 I=1,NN
FV(KyI)=FVIK+1,1I)
YUKy I)=YU(K¢+L, 1)
XV(&)=XV(5)
00 52 I=1,NN
FY(L,I)=0YDT(I)
YUy I)=YU(5,1)
IF (MODE.LE.2) RETURN
E=ABS(XV (4)-ALPHA)
IF (E.LE.EPM) GO TO 2000
EPM=E
RETURN

END
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SUBROUTINE HAMLTN HAMLOOL

Ceevsssv®® CALCULATES HAMILTONS EQUATIONS FOR RAY TRACING HAMLOO2
COMMON /CONST/ PI,PIT2,PID2,0EGS,RADsK+CyLOGTEN HAMLOO3
COMMON /RIN/ MODRIN(3) 4COLL,FIELD, SPACE,KAY2,KAY2T, HAMLOO4
1 HyHI,PHPTsPHPTI,PHPR,PHPRIyPHPTH,PHPTHI yPHPPH, PHPPHIHAMLO0S
2y PHPOMyPHPOMI, PHPKRyPHPKRI PHPKTH,PHPKTI, PHPKPH,PHPKPI HAMLOO®
3 s KPHPK,KPHPKI s POLARy POLARI+LPOLAR,LPOLRI HAMLOO7
COMMON R(20)T,STP,DROT(20) /WW/ ID(10),WO,H(40D) HAMLOOB

EQUIVALENCE (THsR(2)), (PHyR(3)) s(KRyR(4)}) s (KTHyR(5) ), (KPH,R(B))}, HAMLOOO
1 (DOTHOT,0ROT(2)), (DPHDT4DRDT(3) ), (DKRDOT,ORDT(4)) , (DKTHDOT,DROT(5) ) yHAMLO10

2 (DKPHDT,DRDT(6)) 4 (F,W(B)) HAMLO11

REAL KRyKTHyKPH KPHPKKPAPKI yLPOLAR, LPOLRI+LOGTEN,KyKAY2,KAYZT HAMLOL2
OM=PIT2%*1.E6*F HAMLG13
STH=SIN(TH) HAMLO14
CTH=SIN(PID2-TH) HAMLOLS
RSTH=R (1) *STH HAMLO16
RCTH=R(1) *CTH HAMLO17

CALL RINDEX HAMLO18
DRODT=-PHPKR/ (PHPOM¥*C) HAMLO019
DTHDT==PH2KTH/ (PHPOM*R (1) *C) HAMLO20
DPHDT==PHPKPH/ (PHPOM*RSTH*C) HAMLO21
OKROT=PHPR/(PHPOM*C) +KTH*DTHOT +KPH*STH*DPHOT HAMLO22
DKTHDT= (PHPTH/ (PHPOM*C) =KX TH* ORDT+KPH¥*RCTH*DPHDT) /R (1) HAMLO023
DKPHOT= (PHPPH/ (PHPOM*C)=KPH*STH¥DROT-KPH*RCTH*DTHDT) /RSTH HAMLO24

NR=6 HAML 025
CeP* 36 ¥8%8% PYASE PATH HAMLO26
IF (W(57).EQ.0.) GO TO 10 HAMLO27
NR=NR#+1 HAMLO28
DROT(NR) == KPHPK/PHPOM/OM HAML 029
Creswrssv® ARSORPTION HAMLO30
10 IF (W(58).E2.0.) GO TO 15 HAMLO031
NR=NR+1 HAMLO032
ORDT(NR) = 10./LOGTEN*KPHPK*KAY2I/ (KR*KR+KTH*KTH+KPH¥*KPH) /PHPOM/C HAMLO33
Ce¥evexrerxr DOPPLER SHIFT HAMLO34
15 IF (W(59).EQ.0.) GO TO 20 HAMLD35
NR=NR+1 HAMLO36
ORDT(NR)==-PHPT/PHPOM/C/PIT2 HAMLO37
Crv¥e¢xewvvss GEOMETIICAL PATH LENSTH HAMLO38
20 IF (W(B0)<EQeDos} GO TO 25 HAML 039
NR=NR+1 HAML 04O
DROT(NR) ==-SQRT (PHPKR**2+PHPKTH**2 + PHPKPH* *2) /PHPOM /C HAMLOGL1
Ce¥vrrverx OTHER CALCULATIONS HAMLO42
25 CONTINUE HAMLO43
RETURN HAML 0L &

END HAML 045 -
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