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APPENDIX A

THREE-DIMENSIONAL RAY TRACING PROGRAM
INCLUDING
IONOSPHERIC HORIZONTAL GRADIENTS



.J08,1,300,65000. V0000, 1,PAUL LANGEVIN = RADL1OZ2,A _

RUN(G)
_LINECNT(10000) _
LG50,

a

PROGRAM HRTZ2(INPUT,OUTPUT,TAPES=INPUT,TAPE6=0UTPUT)

C . MAIN PRUGRAM FOR HRTI2 JANUARY 29, 1965 HRT _ 20 _
C MAGNETIC FIELD AND COLLISION NEGLECTED HRT 30
L B ) e HRT 40
CCMMON/ZOATA/FE sPRNT 3Ny RMAX 3 RMIN, TMAX y TMI Ny PMAX , PMIN, EMUS s EMU, HRT 50
1 XyF2,MUFLAG,C1,RST,RCT,EN,DNDR,DNDT,DNDP,YOSQRsNUAR} _HRT 60
2KIND,REFL,NPLOT,PLOT,RAD,C2, IND HRT 70
C. , , CHRT. 80 _ .
COMMGN/PUNCHR/PHI 4 THETA,DIFFPP,SAVEMU
 CCMMUN/HBANK/HBK NTHGL FINVPyNTHG2,Y0(9),YD(9),SCR(9,34) __ HRT 90
COMMOCN/CHANGE /PRNTUyNTRL,NTR2,NTR3,NTR4,NTR5,NTR63NTR7,NTR8, HRT 100
1 NTR9,NTRLO0,PLOTO,TREFLC,HBANKL ,NOEQ,MORDER HRT 110
DIMENSTION UNOFF(9) HRT 120
3 EXTERNAL DERLyRT14RT2,RT3,RT44RTS,RT6,RT7,RT8,RT9,RTLO,EQS = HRT 130
C HRT 140
- COMMUN/CONST/EUBAR g ELBAR ,HMAXT y HMINT , YCLCW HRT 150
C HRT 160
DIMENSIUN BUFF{1024) HRT 170
CALL PLUTS(BUFF,1024) HRT 180
40 N = 0 HRT 190
1 CALL POPIN HRT 200
. RTZ = XYO(l) . - _
PHITZ = YO(3) * RAD
THETTZ = YO(2) * RAD , o
PLOTU=PLOT HRT 210
LT=MORDER*3 +10 _ CHRT 220 _
PRNTG=0. HRT 230
_NPASS = 0 B L i HRT 240
TREFLC = PRNT HRT 250
_ FINVP1 = O. HRT 260
10 NTRL=1 HRT 270
- NTR2=1 _HRT 280
NTR3=-1 HRT 290




_ IF(REFL.EQ.2.) NTR3=-2 ~ HRT_ 300 _
NTR4=1 HRT 310

. NTR5=1 . HRT 320
NTR6=1 HRT 330
NTR7=1 o HRT 340
NTR8=2 HRT 350

NTR9=-1 _HRT 360
NTR10=1 HRT 370

~ IF(NPLOT)11,12,11 (HRT _38C _
12 NTR10=-1 HRT 390
L1 CONTINUE 0 S HRT 400
o HRT 410

DO 13 I=1,9 HRT 420 _
13 CNOFF(I)=0. HRT 430
 CALL DESOLV( 9,NUARyOyDERLyEOSy 1y KERRyHBANKL,HBKySCRy1,4LT, HRT 440
1 EUBAR,ELBAR,HMAXT yHMINT,YCLOW, 103 NTR1,RT1yFINVP,PRNTU, HRT 450
2. NTIR2,RT2,Y0(1),RMAX,NTR3,RT3,Y0(1),RMIN, HRT 460
3 NTR4yRT4,YU(2) s TMAX,NTR5,RTS5,Y0(2), TMIN, HRT 470

4 NTROZRTE,YO(3) y PMAX o NTRT4RTT,Y0(3),PMIN, HRT 480
5 NTRGyRTB,FINVP, TREFLCyNTRISRTI,YD(1)504, HRT 490

6 NTRLO,RTLO,FINVP,PLOTO,CONOFF} HRT 500
IF(KERR.EQ.1) GC TO 900 HRT 510

WRITE(6,1010)RTZ, PHITZ, THETTZ, YO(l), PHI, THETA, DIFFPP, SAVEMU

GO TU 40 HRT 520

900 WRITE (6,1000) HRT 530
STOP HRT 540

1000 FORMAT (24H1 ERROR RETURN FRUM MARK ) _HRT 550

1010 FORMAT(4E20.13)

e END S , ; R HRT 560
SUBRCUTINE POPIN HRT 570

C INPUT SUBROUTINE FODR HRT2 HRT 580
C HRT 590

s C . e _ __HRT _6C0
o . HRT 610
. DIMENSION COURD(6), LIMIT(6), MISC(20)y CNST(5), DNSE(10} _ HRT 620
REAL LIMIT, MISC HRT 630

. COMMON/CHANGE /PRNTO s NTRL yNTR2yNTR3, NTR4,NTR5,NTR6,NTR7,NTRS8, HRT 640
1 NTR9yNTR10,PLOTO,TREFLC sHBANKL ¢NOEQ,MORDER HRT 650

s - _HRT 660
COMMON/DATA/F 3 PRNTy NoRMAX y RMIN, TMAX s TMIN, PMAX  PMIN, EMUS y EMU, HRT 670




e

1 XgF2yMUFLAG,C1,RST,RCTEN,DNDR,DNDT,DNDP,YOSQR,NUAR,
2KINDREFLyNPLOT,PLOT,RAD,C2, IND

COMMON /CUNST/ EUBAR, ELBAR, HMAXT, HMINT, YCLOW
COMMOGN/HARRY /TST o LAMBDA y SMLA ¢ VT yH o RMy ENMAX 3RO TS PS

20

~_ READ{S5,HRT2

CCMMGN/PUT/PUTL(6) ,PUT2(6),PUT3(20),TITLE(LO)

COMMCN _/PAUL/ HTURN,ANGLE
COMMON/HBANK/HBK yNTHGL s FINVP NTHG2,Y0(9),YD(9),SCR(9,34)

DATA NTEST/0/
EQUIVALENCE (PUT1,CO0RD), (PUT2,LIMIT), (PUT3,MISC)

NAMELIST/HRT2/CUORD, LIMIT,MISC,CHST NTEST
IF (MTEST .NEe O) GU TO 100

EUBAR = CNST(1)
ELBAR = CNST(2)
HMAXT = CNST(3)
HMINT = CNST(4)
YCLOW = CNSTI(5)
_EN = 0.0

IF(MISCILL).EQ.U.) GU TO 20
READ(5,1008) TITLL
YO(1) = PUTL1(1)
CALL NHFIT

HTURN = YO(1)
YO(2)=PUTL(2)/RAD
ANGLE = PUT1(3)
YO(3)=PUT1(3)/RAD
TEMP = PUTL(5)/RAD
SP5 = SIN(TEMP)

CP = COS(TEMP)
CTEMPL = PUT1(4)/RAD
SP = SIN(TEMPI)
YO({4)=COS(TEMPL)
YO(5)=CP=Sp
YO(6)=SP5%SP

YO(7) = 0.0

HRT 680 _
HRT 690
HRT 700 _
HRT 710

_HRT 720
HRT 730
HRT 74C
HRT 750
HRT. 760 .
HRT 770
HRT 780
HRT  79¢C
HRT 8C0
HRT 810
HRT 820
HRT 830
HRT _84C
HRT 850
HRT 860
HRT 870
HRT 88C
HRT 690
HRT 900
HRT 910
HRT 92C
HRT 930
HRT 940 __
HRT 960
HRT 970
HRT  98C
HRT 990

L HRT 1000
HRT 1010
HRT 102C
HRT 1030
HRT -104C



HRT 1060
HRY 1100

HRT 1080 _ .

. ya(sy _ = 0.0
YO(9) = 0.0
RMAX = PUT2(1)
RMIN = PUT2(2)
TMAX = PUT2(3)/RAD B
TMIN = PUT2(4)/RAD
PMAX = PUT2(5)/KAD
PMIN = PUT2(6)/RAD
PRNT = PUT3(1)
NUAR = PUT3(2)

_ KIND = PUT3(3)
MORDER=PUT3 (4)
PUT3(5)=0.

FINVP = PUT3(5)
F=PUT3(6)

CPLOT=PUT3(3)

REFL=PUT3(T)

HBANK1=PUT3(8)

NPLOT=PUT3(10)

F2=F%%2

Cl=1.24E4%F2

IND = 0

CALL SUBMU{YU,RMIN,EMU,DMUDR,DMUDT,DMUDP, DMUDF, IND)

HRT 111¢C

HRT 1130

HRT 114C

HRT 1150
HRT 1160

HRT 1120

HRT 1170
HRT 1180
HRT 1190

HRT 1200

HRT 1210
HRT 1220

HRT 1230

HRT 124C

HRT 1250

HRT 1270

DD 2 I=4,6
YO(IL)=YO(I)*EMU
WRITE(6,1001)

WRITE(6,1002)( PUTL(I),y, I=1,6)
WRITE(6,1003)
WRITE(6,1002)( PUT2(I), I=1,6)

o

100

1000
1001
1002
1003

HRT 1290
HRT 1300 _

HRT 1310

HRT 1330
HRT 1340

JHRT 1320

WRITE(6,1005)

WRITE(6,1006) PUT3(L),PUT3(9),PUT3(8),
IF{MISC(11).EC.0) GO TO 90
WRITE(6,1007) TITLE

FeREFL

RETURN

IF{(NPLOT.NE-C) CALL ENDPLT

STop

FORMAT (8E16.5)

FURMAT (LHL16X2HRU6XSHTHETATX3HPHI 7TX2HAOBX2HBOBX2HCO)
FORMAT(6F10.1) ,

FORMAT ( LTHOSX4HRMAX6X4HRMI N6 X4HT MAX6X4HT MINO6X4HPMAX6X4HPMIN )

HRT 1350
HRT 1360

HRT 1370

HRT 1380
HRT 1390

HRT 1400

HRT 1410

HRT 1420
HRT 1430

HRT 1440
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£

__ _ __RETURN _ e , . _ _HRT 2600 _
42 YU(4)——YU(4) HRT 2610
NTR3==[ABSINTR3)_ _ _ = e~ . HRT 2620 _ _
NTRB=IABS(NTRS) HRT 2630
TREFLC=PRNTO+PRNT e HRT 2640
RETURN HRT 2650
_ 45 PLOTO=PLOTO+PLCT , _ .. _HRT 2660
RETURN HRT 2670
_ 46 NTR3=TABSINTRBY . _ , ... _HRT 2680 __
NTRQ—‘[ABS(NTRQ) HRT 2690
TREFLC=PRNTO+PRNT - o o HRT 27C0
RETURN HRT 2710
40 CALL RTMRK o . . .. .. ...HRT 2720
99 RETURN HRT 2730
1007 FORMAT(1HL)Y . HRT 274Q _
1002 FORWAT(IleOHPHASE PATHZOXﬁHHEIGHT24X8H hTURN ZZXQHLUNGITUDE/ HRT 2750
1 11X1ICH ANGLE 20X2HY128X2HY228X2HY3/11X8H STEP 22X9H MU HRT 2760
221XTH EN  23X15HDIFF PHASE PATH) HRT 2770
2021 FORMAT({25HOSTOPPED UN TEST FOR RMAX) } } HRT 2780 _
2022 FORMAT(25HOSTOPPED ON TEST FOR RMIN) HRT 2790
2023 FORMAT(30HOSTCPPED ON TEST FOR THETA MAX)  _HRT 2800 _
2024 FORMAT(30HOSTOPPED ON TEST FOR THETA MIN) HRT 28610
2025 FORMAT(28HOSTOPPED ON TEST FOR _PHI MAX) - o HRT 2820
2026 FURMAT(2BHOSTGOPPED ON TEST FOR PHI MIN) HRT 2830
END , _HRT 2840 _
SUBROUTINE DERL HRT 1500
o COMMUN/HBANK/HBK ,NTHGL, FINVP, NTHG2,YC(9),YD{(9),SCR{9,34)  _HRT 1510
COMMUN/DATA/F yPRNT ¢ NyRMAX o RMIN, TMAX TMIN, PMAX, PMIN, EMUS7EMU, HRT 1520
L X;F2,MUFLAG,CL,RST,RCT,EN,DNDR pDNDT s ONDP 1 YOSQR,NUAR, HRT 1530
~C= CUS(YU(Z)) ... HRT 1550
RCT = YO(Ll)% C HRT 1560
Cs=SIN(YO(2))  _HRT 1570 __
RST = YO(L)*S . HRT 158C
YSQUAR=YO(4)%%2 + YOU5)%%2 + YD(6)%%2 - N HRT 1590
RTYSQR=SQRT(YSQUAR) HRT 1600
 CALL SUBMU(YO,RMIivyENMU,DMUDR,DMUDT s DMUDP  DMUDF 4 IND) T
EMUS=EMU*EMU CHRT 1620
DO 771 =4,6 ; , — ... . HRT 1630 _

77

YO(I) = YO(I) % EMU / RTYSQR HRT 1640
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01-¥

_NTRG=2 e - . _._____ _HRTI 3030
CALL POPOUT(NTRG) HRT 3040
o RETURN e ... _HRT 3050
END HRT 3060
SUBROUTINE RT3 HRT 3070
COMMON/DATA/F s PRNT 5 NsRMAX s RMINy TMAX s TMINy PMAX , PMIN, EMUS , EMU, HRT 3080
1 XyF2 MUFLAG,CL RST,RCT,EN,DNDR,DNDT,DNDP, YOSQR s NUAR _HRT 3090 .
2KIND,REFL,NPLOT,PLOT,RAD,C2 HRT 3100
_ NTRG=3 . _ e _ _HRY 3110 _
IF(REFL.EQe2.)NTRG=11 HRT 3120
CALL POPOUUT (NTRG) o ) ) HRT 3130
RETURN HRT 3140
END JHRT 3150
SUBROUTINE RT4 HRT 3160
_ . _ NTRG=4_ _ _ _ ,, e _HRT 3170
CALL POPOUT (NTRG) HRT 3180
RETURN o ) HRT 3190
END HRT 3200
SUBRCUTINE RTS HRT 3210 _
NTRG=5 HRT 3220
. CALL POPOUTI(NTRG) e . .HRT 3230 _
RETURN HRT 3240
END o ) B HRT 3250
SUBROUTINE RT6 HRT 3260
_ NTRG=6 L HRT 3270 _
CALL PUPOUT (NTRG) HRT 3280
. RETURN _HRT 3290
END HRT 3300
SUBRGUTINE RT7 - - - o HRT 3310
NTRG=17 HRT 3320
CALL POPOUTI(NTRG) HRT 3330
RETURN HRT 3340
g._ . END_ ~ . . .__HRT 3350 _
SUBROUTINE RTS8 HRT 3360
NTRG=8 B ) o B HRT 3370
CALL POPOUT (NTRG) HRT 3380
o _ _ _ RETURN } __HRT 3390 _
END HRT 3400
. _ _ _ SUBROGUTINE RTS _ ] _HRT 3410 _ _
NTRG=9 HRT 3420




TT-¥

_ CALL POPQUT(NTRG) L o - L ___ _HRT 3430 _

RETURN HRT 3440
o _END_ ... _HRT 3450
SUBRUUTINE RT10 HRT 3460
NTRG=10 e HRT 3470
CALL POPOUT(NTRG) HRT 3480
. _ RETURN . . _HRT 3490
END HRT 3500
_____ SUBROUTINE CALCOM( M,L,XsYs2) ... . .. . _HRT 3510
RETURN HRT 3 20
END e o HRT 3530
SUBROUUTINE PLOTS( A, M) HRT 3540
O RETURN B . HRT 3550
END HRT 3560
__ SUBROUTINE_ ENDPLT ; - .. ... .. .. _HRT 3570
RETURN HRT 3580
END e HRT 3590
SUBROUTINE RTIL HRT 3600
CRETURN . , _ . ... HRT 3610
END HRT 3620

SUBROUTINE NHFIT

C *%% MISC(12) = PUT3(12) = F2NMAX AT NOON IN EL/CC

C #%* MISC(13) = PUT3(13) = Cl = F2NMAX AT MIDNIGHT IN EL/CC

C #%% NMISC(14) = PUT3(14) = F2HMAX AT NOON IN KILOMETERS

€ #%% NMISC(15) = PUT3(15) = DI = F2HMAX AT MIDNIGHT IN KILOMETERS
C #%% ALL ANGLES ARE IN DEGREES

¢ %%% MISC(16) = PUT3(16) = SUBSOLAR PUINT COLATITUDE e
C #%% MISC(L7) = PUT3(17) = SUBSOLAR PCINT LONGITUDE

C #%% MISC(18) = PUT3(18) = HCRIZONTAL GRADIENT AT SUNRISE/SUNSET

C

C #%%%= ROUTINE TO COMPUTE QUARTIC FITS FOR HMAX AND NMAX IN THE GRADIENT
C

COMMCN/PUT/PUTLI(6),PUT2(6)4PUT3(20), TITLE(16)

" COMMON/RALPH/ANMAX(5) g AHMAX(5) 3 DLIM(5)3C14,C2,D15D2, THETASyPHIS,PI
DIMENSION AN(5,6),AH(5,6)

RAD = 57.2957795
PI = 3.14159265

6 e e e om0 DT . ) . — S

5 C _¥%% SET UP GRADIENT LIMITS IN DISTANCES FROM THE SUBSOLAR POINT
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4 D0 5 KL = 2.5 U

5

_ AHMAX(1l)=HMAX __ _

AHMAX(KZ) = 0.0

CALL MATRIX(1GCs546,0,AN,:5,B)
6 DO T 1 = 1,5 ‘ _ S
7 ANMAX(I) = AN(1,6)
.. THETAS = PUT3(16) / RAD el

PHIS = PUT3(L17) 7/ RAD
RETURN
END

SUBRQUTINE SUBMU ( YO,RMIN,EMU,DMUDR,DMUDT,DMUDP,DMUDF, IND )

c
C *%% ROUTINE TO COMPUTE IONOSPHERIC AND ATMOSPHERIC INDEX OF REFRACTION _ _ _
C *%% AND ITS DERIVATIVES WRT R, THETA, AND PHI FOR VENUS AND MARS.
L O S
COMMON/DATA/F s PRNT 3 NyRMAX s RMINy TMAX  TMI Ny PMAX o PMIN, EMUS 4 EMU, HRT 670
1 X3F2,MUFLAG,C1,RST,RCT,EN,DNDR,DNDTyDNDP,YOSQRsNUAR, HRY 680
2KIND,REFLyNPLCT,PLOT,RAD,C2, IND HRT 690
,  DIMENSION YO(1) e
C
C *%% DETERMINE FOR WHICH PLANET THE ANALYSIS IS5 TO S
C #%%* BE DONE AND SET AN INDICATOR
C e S _ e
R = YO(1)
~ IND1 = IND + 1 , o
GO TO ( 142,7 ), INDL
. L IF ( RMIN .GT. 6000. ) GO _TO 6 S,
C
C #*%% THE ANALYSIS IS TO BE DONE FOR MARS. USE 3381(KM) AS THE PLANETS
C #%% RADIUS. DETERMINE IF THE RAY IS IN THE ATMOSPHERE OR IONOSPHERE
C #%% AND CALL THE PRGPER SUBROUTINE TO PERFGRM THE DESIRED CALCULATIONS
c
8 _IND =1 —
2 IF ( R .GE. 3426. ) GO TG 3
c
7 . e — - -
C #%% THE RAY IS IN THE ATMCSPHERE.
c
6 [ o e P L o e e e
CALL SUBMUA ( YO,IND,EMU,DMUDR,DMUDT,DMUDP )
s. . .. 6o 10610 _ _ S
3 IF ( R .GE. 3472. ) GO TO 5




S1-¥

C %% THE RAY IS BETWEEN THE IONOSPHERE AND ATMOSPHERE
C_ k%% OR_ABCVE THE IONCSPHERE.

- o ) .
4 EMU = 1l o .
EN = 0.0
__ DMUDR = 0. L L
DMUDT = O.
__bmyoP =0._ e
GO TO 10
5 IF { R .GE. 3596. ) GO TU 4 ) o
C
C #*%% THE RAY IS IN THE IONCSPHERE. o
_ CALL SUBMUI ( YU,DMUDR,DMUDT,DMUDP,DMUDF ) -
GO TO 1uU
Cc o L L
C %*%% THE ANALYSIS IS TU BE DONE FOR VENUS.USE 6056(KM) AS THE PLANETS
C #%% RADIUS. DETERMINE IF THE RAY IS IN THE ATMOSPHERE OR IONOSPHERE =
C *%% AND CALL THE PROUPER SUBROUTINE TO PERFORM THE DESIRED CALCULATIONS
C
T 6 IND = 2 o o
7 IF ( R .GT. 6140. ) GC TO 8 - B
C *%% THE RAY IS IN THE ATMOSPHERE. o
C
_ CALL SUBMUA ( YO, IND,EMU,DMUDR,LMUDT,DMUCP ) e
G0 TU 10
8 IF ( R .GT. 6169. ) G0 TO 9 N ) )
GO 10 4
9 IF ( R .GE. 6280. ) GO TO 4 o
o
C ®%% THE RAY IS IN THE IONCSPHERE.
c | “ e
CALL SUBMUI ( YO0,DMUDR,DMUDT,DMUDP,DMUDF ) -
10 RETURN ' ””
_ENo ; .
SUBROUTINE SUBMUA ( YO, IND,EMU,DMUDR,DMUCT,DMUDP ) }
C

¢ x%%x ROUTINE TOU COMPUTE ATMOSPHERIC INDEX OF REFRACTION AND

. SO, - PR P . P
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L1-Y

C_*%% THE RAY IS IN_THE LOWER REGION. e
C
o _ _ X = _6.907755279 + .06 *_( 6102. - YO} . B
XX = EXP(X) * A
EMU = 1. + XX
DMUDR = =-.06 * XX
- GO T0 4 I — o
c
_C_**%% THE RAY IS IN_THE UPPER REGION. - e
C
3 H = YO - 6100. e
REFLOG = D(1) + H % ( D(2) + H * D(3) )
__ _REF =_10. ** REFLOG
EMU = 1. + REF * A
 _DUM = D(2) + 2. % H * D(3)
DMUDR = REF % 2.302585093 * DUM * A
c
C #%% THE ABOVE MODELS ARE FUNCTIONS OF R ALONE.THEREFORE SET
C *%%x THE PARTIALS OF EMU WRT THETA AND PHI EQUAL TO ZERD. B}
C
4 DMUDT = 0. o o o
DMUDP = 0.
RETURN N
END
. __ SUBROUTINE SUBMUI_ (YO,DMUDR,DMUDT,DMUDP,DMUDF)
o
C #*% ROUTINE TO COMPUTE IONOSPHERIC ELECTRON DENSITY, INDEX OF o
C #%% REFRACTION, AND THEIR DERIVATIVES WRT R, THETA , AND PHI.
C

COMMON/RALPH/ ANMAX(5) s AHMAX(5),DLIM{5),C1,C2,D1,D2, THETAS,PHIS,PI

COMMUN/DATA/ FoPRNTyNyRMAXyRMIN, TMAX, TMIN,PMAX,PMIN, EMUS, y EMUy

DIMENSION YO(1)
Lolloel2,L3,L4,L5,0L6

LOGICA

L

PI2 = 2.

PIH =

~ PI3H =

THETA

P

1
R = YC(1)

* Pl
I % .
L

YO(2)

5

PI

T Tl XS FZ2 MUFLAG.F3,RSTyRCT,EN,DNDR,DNDT,DNDP,YOSQR,NUAR,
2 KIND,REFL,NPLOT,PLOT,RAD,SC2,IND




. _ PHI = YO(3)

Y2 = YOU5)
X3 = YOG -
IF( ABS(Y2) .GE. .02 ) GO TO 10
ALPHAS = PIH
GO TO 11
_ 10 ALPHAS = ATAN2(Y3,=Y2) _ . S
11 LL = O. .LE. ALPHAS .AND. ALPHAS .LT. PIH .OR. PI3H .LT. ALPHAS
— 1 JAND. ALPHAS LE. PI2 e -
L2 = PIH .LT. ALPHAS .AND. ALPHAS .LT. PI3H
L3 = 0o LT. ALPHAS .ANDe ALPHAS .LT. PI
L4 = PI <LT. ALPHAS .AND. ALPHAS .LT. PI2
.. ERR =_.000175___ __ . B e
o
_C_¥%% CCOMPUTE SHORTEST DISTANCE FROM SUBSOLAR POINT TO THE RAY POSITION, . _

C #%% THEW COMPUTE THE ABSCLUTE VALUES OF THE PARTIALS OF D WRT THETA
C *%% AND PHI.

C
4 _ COSTS = COS{THETAS) _ _ i
E COST = COS{THETA)
 SINTS._ = SINLTHETAS)
SINT = SIN(THETA)
PSP = PHIS — PHI
COsSPsSeE = CQS(PSPY
____ SINPSP = SIN(PSP) ) e
caso = COSTS*COST + SINTS SINT*COSPSP
___ D_=_ACOS(COSD) _ L L
SIND = SIN{(D)
TERM ={COSTSHSINT — SINTS*COST*COSPSP}I/SIND
DDDT = ABSI(TERMI
_ TERM = (SINTS®SINT%SINPSP) / SIND L
DDDP = ABS{TERM)
C *%% DETERMINE IF HE RAY IS IN THE DAY, GRADIENT, DR NIGHT ZONES
Cc
7 IF { D .GE. 0. +AND. D oLEo DLIM{L} ) GO TO 1
o _ _ _IF { D oGT. DLIM(1) .AND. D .LT. DLIMI3) ) 60 TO 2 _ _ _ _ _ __ __ _ _ _

_C_#%% THE RAY IS IN THE NIGHT_ZONE. COMPUTE NMAX AND HMAX AND ALSO .
TC %% THEIR DERIVATIVES WRT THETA AND PHI
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____ SUBROUTINE RTMRK

COMMON /DESL1/

_____ % _ KR(l)s, _NMX, NEQ, NOLD, . M, MPL, MP2, NN, KIND, KONs . ._ . _________
* IFL, NTRG, NIVT, NDVT, NTR,NSTART,NBDIF, NNT, NTT,IDL{11)},
* IDL2, JJSS,J1000,J2000,J4000,J7000, IRST, EQOST, _ HD, _SMA,
*  ERROR,REDOT,STEPNG,
¥ EUCL), ELy, HMX, HMN, YL, Ay, ENPL, Dy By _SKP, )
* SKy  HC, DELU, DUSC, HOLD, VAR, IV, HM, HP, Ry
L Gy DELT, HMU, FMU,CK(L10),QQ(10),XLJ(1L)y RICLLI, WJCLL1D

KR = 2
RETURN
END

|

L1700 1777777717707777777777

DESQO0029

SUBROUTINE DESCLV (MXEQ,NACT,DR1,DR2,ENDS,NP,KERR,HNOM,HBK,BLK, _DESC0002
X ITYP, LLy, EUP,ELO,DTMX,DTMN,YLO, DESC0003
X NOTRG, : . _DESCQQ04
X NTRl, RTly VARLy ZVi, NTR2, RT2, VAR2, ZV2, DESC0005
X _ NTR3, RT3, VAR3, IV3, NTR4, RT4, VAR4, ZV4, _ __ DES0Q006
X NTR5, RT5, VAR5, ZV5, NTR6, RT6, VARG, ZV6, DESC0007
X NTRT, RT7, VAR7, ZV7, NTR8, RTS8, VARS8, IV8, _ DES00008 _
X NTR9, RT9, VARY9, ZV9, NTRLO,RT10,VAR10,ZV1O0, DESO00CY
X o ONOFF) _ _DESG0010
C WHERE DESO0011
c WHERE MXEQ = THE TOTAL NUMBER OF POSSIBLE FIKST ORDER DIFFER- DES00Q12
c ENTIAL EQUATIONS TU BE SOLVED DES00013
c NACT = ACTUAL NUMBER OF DIFFERENTIAL EQUATIONS TO SOLVEDESO0O14
C DR1 = ENTRY POINT TO ROUTINE THAT CARRIES OUT THE DESU0015
C PORTION OF THE DERIVATIVE EVALUATION INVOLVING  DESG00l6
C THE INDEPENDENT VARIABLE ONLY DES00017
L - e DR1 IS UPTIONAL. PUT A ZERO IF NOT DESIRED. ___ DESCOO18
C DR2 = ENTRY PUINT TO THE ROUTINE THAT CARRIES OU THE DESOO0LS
c REMAINING CALCULATIONS NECESSARY TO COMPUTE ALL DESG0020
c NACT DERIVATIVES AND STGRES THEM IN HBK DESC0021
c CENDS = ENTRY POINT TO ROUTINE ENTERED AT THE END OF A DES00022
C FULL INTEGRATION STEP — OPTIONAL. , DES00023
C . PUT A ZERQ IF NO END-OF~STEP RQUTINE IS DESIRED. DES0Q024
C NP = ONE OF THE FOLLUWING CUDE NUMBERS DEPENDING ON  DESO0025
C THE OPTIONS DESIRED , DESC0026
c 1710000000700 7270770777777 DES00027
c VALUES OF NP / DRL / ENDS / DESG0028
c
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c MINUS SIGN MEANS TRIGGER IS OFF - _DESO0070. _ _
o INTEGER 1 INDICATES NO CISCONTINUITY AFTER DESCO00T71
C . EXECUTING THE TRIGGER ROUTINE _ = _DES0O0072 _
o "INTEGER 2 INDICATES A DISCONTINUITY AND FORCES  DESC0073

C __A RESTART_ . _DESC0074

C RT— = ENTRY POINT OF THE TRIGGER INTERRUPT ROUUTINE DESO0075

C. VAR- = NAME OF THE VARIABLE BEING TESTED )  DESU0076

o IV- = THE VALUE OF VAR AT WHICH THE TRIGGER INTERRUPT DESCO077

Cc. ~ ROUTINE IS TO BE EXECUTED - _DESC0Q78 __

o DESCO07S

o o o e DESC008C
COMMON /DES1/ DES0Q0081

¥  KR(1), NMX, NEG, NOLD, . My MPLl, MP2, NNy KIND, KON, DESC0082
* I[FL, NTRG, NIVT, NDVT, NTR,NSTART,NBDIF, NNT, NTT,IDL(11),DES00083
* ICL2, JJSS$,J1000,J2000,J4000,J7000, IRST, EOST, HD, SMA,  DES00084
%  ERRUR,REDOT,STEPNG, DESQ0085
* _EUCL),y EL,  HMX, HMN, YL, Ay ENPL, D, By SKP, DESO0086
% SK, HC, DELU, DUSC, HOLD, VAR, IV, HM HP, Ry DESG0087
% Wy DELT, HMU, FMU,CK(10},QQ(10),XLJI11), RJI(LLl), WJI(1ll) DESO0088
COMMCN /DES2/ T, TSV, TGO, TMIN, TRIP, TL, TR DES0O0089
COUBLE PRECISION T, TSV, TGC, TMIN, TRIP, TL, TR DESG0090
o DES00091
o DIMENSIGN HBK(1), BLK(MXEQ,LL) _. _DESC0092
DIMENSION HNGM( 1) yNACT (1) yKERR(L1),NP(1),VARLI(L1),ZVL(1),NTRL(1),
¥VAR2 (1) ,ZV2(1) oy NTR2(1) 4 VAR3(1)4ZV3(L),NTR3(1),VARG(L1),ZV4(1),
*NTR4(1) 3 VARS (1) 4ZV5(1L) yNTR5(1) 3 VARG (L) 2ZVE(1) 4 NTR6(L)sVART(L),
£ZVT(L)p NTRT (L) yVARB (1), ZV811) ¢NTRB(1),VARI(L)ZVI(L1),NTRI(1),
*VARLO(1)2ZVIO(1)4NTRLO(L)

O .. .. DESGOO 3
LOGICAL EOST, SMA, HD, IRST, ERROR DESC0094
LOGICAL STEPNG DESQ00SS

o DES000%6
C ‘ , . DESGO0097 _

DATA BIG/1.0E30/ DESC0098

C e DESC0099

C DESCO0100
) NMX = MXEQ DESCO101

KIND = ITYP DESC0102

NTRG = NOTRG DESCO1C3

EU = EUP DESCU104
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o _RETURN . .. _._DESOOL4S _
C DESCO1l46
_ 106 CONTINUE_ . . . —. DESCO147
NOLD = NACT DES00148
NEQ = NACT _ o o DESC0149
EQST = .FALSE. DES00150
NN = NP-4 DESCOL51
IF (NP .GT. 2) GO TG 108 DESQ0152
o £EQST = .TRUE. .DESOQ153 _
NN = NP DESCO154
108 IRST = .FALSE. - R ___DESQO0155
C DESO0156
c INITIALIZE FOR RUNGE-KUTTA OR ADAMS-MOULTON START DESCOL157 _ _
c KIND = 1 FUR ADAMS—MQULTCN DESCO158
C KIND = 2 FOR RUNGE-KUTTA . . DESCO159
o KIND = 3 FUR FIXED STEP ADAMS OPEN FORMULA DESCO160
C : , . .. DESQOO161
GO TU (110y 112, 110), KIND DESCO0162
o VARIABLE STEP ADAMS—MOULTON DESGC0163
110 TRIP = HBKI(3) DESQO0164
NSTART = O DESC0165
M = (LL-10)/3 DESCO166
o MPL =M+l - ... DESOO167
MP2 = M+2 DESCOLl68
C CCUNTER FOR SWITCHING TOU A-M AFTER M+2 R-K STEPS DES0O0169
NBDIF = 0 DESCO17C
GO TU 115 DESCOLTY
C DES00172
C . FIXED STEP SIZE RUNGE-KUTTA THROUGHOUT ~...DESCOL73
112 TRIP = BIG DESCO174
NSTART = 100 DESQ0175
M= 0 DESOO0176
MPL = 0 ._DESO0177 _
MP2 = 0 DESCO178
115 KON = 2 e , , _ DESQ0179
C KON IS CONTROL FOR R-K LGGIC OR A-M IN MAIN LOOP DESOO0180
Lo o DESCO181 _
ERROR = oFALSE. DES(00182
MMPZ = MPL+1 _DESCOL83
CALL DPIR  (HBK(3),HBKI(5) ,HBKINMX+5) ,HBK(2%NMX+5) s HBK(4%XNMX+5), DESQO184
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 XBLK(135)9BLK(L,MP2+5) ¢BLK(1,2%MP245),NMX

XDR23ENDS NTRL,RTL4VARLyZVL,NTR2,RT24VARZ24ZV2,NTR3RT3,VAR3,ZV3,

CXNTR4,RT4,VAR4 3 ZV4 s NTRS 3 RT5,VARS , ZV54,NTR6RTEVAREZVE, NTR7sRT7,
XVART, ZVT,NTRB RTU,VARB,ZVB NTRI,RT9 VARG, ZVIyNTR10OyRT10+VARLO, ZV10

y MMP2 s HBK s HNOM,NACT yDR1 s

Xy ONOFF) S
C DESCO193
C TO RESTART - DESQO0194
' IF (IRST) GO TG 100 DESO0195
C S - SUBROUTINE INTERNAL ERROR _  DESQO1%6
' IF (ERRCOR) KERR = 1 DES00197
IF(KR .tG. 100) KERR = 100 _ ~_DESC0198
C (KR TS RESET TO ZERO IN DESCLV INITIALIZATION) DESO016G9
9999 RETURN _DE&sg0200
END DES00201
SUBROUTINE DPIR (TC,Y,DY,PY,YN,DELZ,DELY,DELX, NNN,LCR, DES00203
X H, HNOM, N, DERl, DER2, EOS, DESO0204
X ~ NTRL, RTl, VARLl, ZVl, NTR2, RT2, VAR2, ZV2, _ DES00205
x NTR3, RT3, VAR3, ZV3, NTR4, RT4, VAR4, ZV4, DESC0206
X NTR5, RTS5, VAR5, ZIV5, NTR6, RT6, VARG, IV , "DESQ0207
X NTR7, RT7, VART, ZVT7, #TR8, RT8, VARB, ZVS, DES00208
X NTR9, RT9, VARY9, ZV9, NTR10,RT10,VAR10,ZV10,  DES002C9
X GNCFF) DESC0210
DIMENSIUN TC(2), Y(NNN), DY(NNN), PY(NNN), YN(NNN) DES00211
DOUGBLE PRECISICN PY, YN DES00212
DIMENSICON DELX(NNN,LOR), DELY(NNNyLOR), DELZ(NNN,LOR) "DESCO0213
DIMENSION ONOFF (NAN)
C o } o } _DESOOZ214
DIMENSION VARL(L)ZVLI{1),NTRL(L),
XVARZ2 (1) yZV2 (1) 4NTR2({1),VAR3(1),ZV3 (1) ,NTR3(1),VARLG(1},ZV4(1),
ENTR& (1) s VARS (L) 9 ZV5 (1) ¢NTR5(1) g VARG (L) yZV6 (1) o NTRE(L) 3 VART (1),
XIVT(L) o NTRT(1),VARS (1) yZVB(L1)yNTRE(L1)sVARI(L),ZVI(L),NTRO(L), -
%VARLO(L)4ZV1IO(1),NTRLIO(1),VARLIL(1)4ZVL1{L),NTRL1(1)
.. DIMENSION ACG(10), BCO(10) - _DESCO0215
DATA ACO /1«0y 0e55 4. 16666666E 1y 3.75F=1, 3.4B611111E—-1, DESC0216
s X 3.29861111FE-1, 3.15591936E-1, 3.04224539E-1, _ _ DES00217
X 2.94868003E~1, z LBTOT5448E~1 /5 DESC0218
e X BCO /1.0, 0.5, —8.33333333E-2, -4.16666666E-2, o " DES00219
X ~2.63888889FE-2, —1.87500000E~2, —-1.42691795E~-2, DESC0220
s X -1.13673950E-2, -9.35653620E-3, -T.89255420E-3 / _DEsQ@o221
DATA BIG/1.0E30/ DESC0222
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< o - _DESQO223
COMMON /DES1/ DESC0224
% _ KR(L)s _NMX, NEQ, NOLD, . _M, MPl, MPZ, NNy KIND, KON, _DESO0225 __ _
% IFL, NTRG, NIVT, NDVT, NTR,NSTART,NBDIf, NNT, NTT,IDL(11),DESQO226
* ICL2, JJSS,J1000,J2000,J4000,J7000, IRST, EQSTs __ HD, _SMA, DESQ0227
* ERRUORyREDUT,STEPNG, DES00228
*  EU(L)y ELs HMX, HMN, YLy Ay, ENPL, Dy By SKP, __DESQ0229
% Qy DELT, HMU, FMU,CK(10),QQ(10),XLJ(11), RJI(LL), WJ(1l1) DESOO231 _
COMMCN /DES2/ T, TSV, TGU, TMIN, TRIP, TLo, TR DES00232
DOUBLE PRECISION T, TSv, TGO, TMIN, TRIP, TL, TR DESQ0233
LOGICAL EOST, SmMA, HD, IRST, ERROR DESC0234
LOGICAL STEPNG ___DESGQR235
LOGICAL 0ODD, REDOT DESC0236
c . o . .DESCO237 _ _ _
GO TO 118 DESQ0238
100 IRST = TRUF. DES00239
RETURN DESC0O24C
c DESCO241
C SET INITIAL VALUES OF STORAGE AREAS DESCOR42
118 CCNTINUE _ DESCQ0243 _ _
DO 120 I=1,NMX DESC0244
PY(I) = Y(I) B o B DESC0245
120 YN{I) = 0. DESC0246
HD = .TRUE.  _DESO00247
SMA = .TRUE. DESC0248
, GO TO (121, 126, 121), KIND ~ _DES0C0249
C FOR A-M MUST ZERG OUT DIFFERENCE TABLES DESC0250
_121 DO 1256 I=1,NMX == _ e DESCO251
CO 125 J=1,MP2 DESC0252
DELX(I,J) = 0. DESG0253
DELY(I,4J) = 0. DESC0254
125 DELZ(I,J) = O. . DES00255
1256 CUNTINUE
A = =ACCI(MP1)/BCO(MP2) DES00256
126 HC = H DESCO0257
. C - DESCO0258
C DESU0259
C TO SET UP INDICATOR BLOCK FOR TRIGGERS THAT ARE DEPENDENT  DESDD260
C (I0L = 1) OR INDEPENDENT (IDL = 0), ALSO CALCULATES THE DESQ0261
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LEFRER R FHRE
C
300 CONTINUE -
INDIS = O
C TEST FOR CALCULATION ERROR , ,
310 IF (TMIN + DELU LT. T) GO TO 9000
TS = DARS(TMIN-T)
IF (TS .GT. DELU) GO TG 350
C e i
C EXECUTE [NDEPENDENT VARIABLE TRIGGER ROUTINE
o NNT = NTT
J4000 = 1

GO TQ 4000

C TEST FOR A DISCONTINUITY CAUSING A RESTART

320 IF (INDIS) 100, 325, 1GO
o AFTER EXECUTING TRIGGER, RE-CALC.
_.325 J1000 = 2
60 TU 1000
330 GO TU 310

C
C CALCULATE LS FUR EACH Y~-STOP
350 IF (NDVT EWL. 0O) 0 70 380
JJSS = 3
DO 375 J=1,NTRG
JNT=J
IF (ICL(J)) 360, 375, 360
360 GU TU 8000
365 IF (NTR) 375, 370, 370
370 XLJ(Jd) = VAR = [V
375 CCNTINUE
C
C MOVE ONE STEP FCORWARD,

380 GO TG (5000, 6000), KON

~ADAMS - MOULTON CONTRUL LOGIC

O ON;,

5000 CGNTINUE

IF (DABS(T-TG60) «GT. DELU)Y GO TD

c MOVE FORWARD ONE HC STEP

NEwWw TMIN

METHOD DEPENDS OGN KUN

5400

DESGCO0303

_DESCQ0304

DESCO0305
DESDO0306

skkiokkkkkREkkkk  MAIN  LCOP sddokkkdskfokdoiokkksddikkikkiikrkrksikxsrsx DESO0302 .

DESGCO307

DESC0308

DES003C9
DESCO31Q
DESCO311
DESQO312

DESCO313

DESCO314

DESGCO315

- DESCOQ316

DESOO317

_DESOO0318

DESCO319

DESO00320

DESGO0321

DES00322

DESD0323

DES00324

DESCO325

DESC0326

DESCO0327

DESCO328

DES00329

 DES00330

DESCO331

DESC0332

DES00333

DESD0334

DESCO0335
DESCO33é

DESC0337

- DES(CO0338

DESC0339
DESD0340
DES00341
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C

J5500 =1 =
GO TO 5500
C CN RETURN FRUM ADAMS TEST FOR STEP-SIZE FLAG
5020 GO TO (5100, 5200, 5300), IFL
c
NORMAL RETURN, LEAVE STEP SIZE ALONE
5100 CONTINUE
IF (STEPNG) GO TQ 5150
5105 TGO = T
DELU = T
IF (HC .GT. DELU) DELU=RHC

C
C
C

OO0

c
c
C

C

CELU = DUSC*DELU
GO TUO 5400

AT ENWND UF FIRST HC AFTER SWITCHING TC ADAMS MODE,

IF INITIAL STEP WAS TOO BIG.

5110 FORMAT (//22H 1NITIAL STEP SIZE OF,

% 17H HAS BEEN CUT TO, E12.5)
5150 STEPNG = .FALSE.

IF (HC .GE. HSWICH) GO TO 5105

STEP HAS BEEN CUT DOWN

WRITE (6,5110) HSWICH, HC
KR =100 -

GO TU 9339

STEP SIZE 1S TOC BIG.
BEGINNING GF STEP.
5200 HC = FC/2.0
Ho= HC

USING DIFFERENCES IN DELX GET (M+1) DERIVATIVES BACK FROM
TIME AND STURE IN DELZ.
DO 5220 I=1,NEG
DO 5210 J=1,MP1
MMz MP2-J
C DELZ(IL,J)=DELxXx(I,1)
DO 5210 K=1,MM

5210 DELX(I4K) = DELX(I4K) — DELX(I,K+1)
5220 DELZ(I,MP2) = DELX{I,1)

HALVE STEP SIZE AND

RESET CONDITIONS AT
DIFFERENCE TABLES MUST BE REGENERATED FORDESC0368

{(DELX STURAGE DESTROYED)

TEST HC TO SEE
IF SO RETURN CONTROL TO CALLI G PROGDESQOO0357
1PE12.9,

- DESCO0342

. DESDQ344

DESCO0343

DESQO0345
DESOO346

DESC0347

 DES00348

DESO0349

DESC0350

DESC0351
DESG0352

DESGO0353

DESOO354

DESCC355
DESB0356

DESL0358

‘DESO0359

DESCO360
DES00361

DES00362

DES0Q0363

 DES00364

DESG0365
DES00366
DES00367

DESCO369
DESOO03740

"DESCO371

DES00372
DESO0373
DESC0374

DESCO375
DESC0376

DESO00377

DESUO378

DESCO379
DES00380

DESG0381
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c
C BETWEEN THESE (WHICH ARE CALCULATED USING
_C_ __ INTERPOLATION), SET UP_ A TABLE OF (M+1) BACK DERIVATIVES
C USING HC/2 AND STORE IN DELY
FM=M e . ~
FMP1l=NMPL
C CALC. (M+1) FACTCRIAL
FFMP1=1.0
DO 5230 J=2,MPl
Fd=J

5230 FFMPL=FFMP1%FJ

C

gbD= -FALSE.
DO 5270 NM=1,MP2
IF  (CDDHY GO Tu 5250

USE Y DOT FROM DELZ
NMM= NM/2 + 1
DO 5240 I=1,NEQ

(N=O,2141"’”“)

5240 DELY (LyNM) = DELZ(I,NMM)

C
¢

GO Tu 5270

~ CALC. Y DOT_HALF WAY BETWEEN (N=1s3,5,

5250 FN=WNM-1

FMU==FN/2.0
PROD=1.

DO 5255 J=1,MP1
FJ=J

_..5255 PROD = PRUDX*(FMU#FJ)

c

8
C

;S

&

CALC.  A(O)
DO 5265 I=1,NEG
AK = PROD/FEMP1
SUM = AKXDELZ(I,1)

DO 5260 K=2,MP2
FK=K-2

—-—)

© AK=-AK#® (FMU+FK)/(FMU+FK+1o} % (FMPL-FK)/(FK+l.)
5260 SUM = SUM+ AK¥DELZ(I,K)
_ 5265 DELY (1,NM) = SUM

_ USING_THESE DERIVATIVES IN DELZ AND DERIVATIVES AT STEPS HALF WAY DES00882
BACKWARD DIFFERENCE DESC0383

... .DESDO384
DESD0385
DES00386
DES00387
DESD0388 .
DESG0389
DESO0390.
DESCO0391

..DESCQ392
DESC0393
DESC0394
DES00395
DESC0396
DESO0397

DESQ0398 =
DESGCO0399
DES004CO
DESC0401
DESCQ402
DESG0403

_DESQQ404
DESO04C5
DESD0406
DES00407
DESC0408
DES00409
DESGC0410
DESU0411
DESCO0412
DES00413
DESD0414
DESGO0415

__.DESQo416

DES00417

....BESCO418

DES00419
_ _DES00420
DES00421
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.

5270 0DD = .NOT. ODD_ . S _ _DESCQ422
C DESD0423
C  NOW HAVE (M+1) BACK DERIVATIVES AT HC/2 SAVED IN DELY . __ _DESO0Q424
o RE-GENERATE NEW BACKWARD DIFFERENCE TABLES IN DELX DESD0425
K1=MP2 DES00426
5275 DO 5280 I=1,NEQ DESC0427
TPL = DELY(I,KL1) DES00428
DO 5280 K=1,MP2 DESC0429
TP2=TP1 , _ DESG0430
TP1=TP1-DELX(I,K) DESO0431
5280 DELX(IL,K} = TP2 _DESQO0432
Kl=Kl1-1 DESCO0433
IF(K1) 5285, 5285, 5275 DESG0434
o DESC0435
C GO TU INTEGRATE CNE ADAMS STEP AGAIN WITH HALF THE STEP SIZE. DESC0436 i
C SETTING J5500=1 FORCES RETURN TU STATEMENT 5020 DESLC0437
5285 J5500=1 - DESCO0438
GO TO 5500 DESCO0439
C DESCO44C
C STEP SIZE 1S SMALL. PREPARE TO DOUBLE HC. DESCC441
5300 HD = LFALSE. DESD0442
FMPLl = MPL DESC0443
CTRIP = T + FMPL*HC __ DESG0444
NSTART = -1 DESOQ0445
o DESCO446
C DESO0447
o MOVE UELX TO DELZ AND USING THE DIFFERENCES FROM HERE GET THE ~ DES00448
o M+1 BACK DERIVATIVES AND SAVE THEM IN DELY DES00449
L e . . DESCO450
C DEL(T-HC Y %%R = DELI(T)*%R ~ DEL(T)*%(R+1) DESCO0451
DU 5310 I=1, NEQ DESO0452
DO 5310 K=1, MP2 DESQ0453
5310 DELZ(I4K) = DELX(I,K} DES00454
C DESO0455 )
B __ DESG0456
DU 5350 1I=1, NEGC DESQ0457
6. _ . DO 5330 J=1, NP1 DES00458
MM = MP2 - ) DESGC0459
___ DELY(I,J) = DELZI(Is1) _ _DES00460
DO 5330 K=l,MM - " DESOCO0461

4
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GO TO 2000 ) , . DESQO0500 _

GE=-Y

oo

CONTINUE

6010 TGO = T DES00501
C - DESQ0502
DELY = T DESO0503
IF_{(HC .GT. DELU) DELU=HC DESC0504
DELU = DUSC*DELU DESO0505
DESCO0506
GO TU END-OF=STEP DESGCO507
IF (ECST) CALL ECS ~ DES00508  _
IF (KR «NE. O) GO TO 4910 DESU0509
TEST FOR ANY Y-3TQOPS IN THIS STEP DESC0510
DESCO511
FLAG ROUTINE DESO0512
CONTIAUE DESCO513
oLz = 0 DES0OS514
IF (NDVT) 6105, 300, 6105 DESCO0515
JJSS = 4 DESCO516
C FLAG TRIGGERS THAT HAVE HAD A CHANGE OF SIGN IN THIS STEP BY DESUOSL7
C SETTING THE INDICATGR IDL = 2 DESC0518
00 6150 J=1,NTRG DESCO519
JNT=J DES00520
IF (IDL(J)) 6110, 6150, 6110 DESCO0521
GO TC w000 DESBO0522 _
IF (NTR) 6150, 6130, 6130 DES00523
TEMP = VAR - ZV DES00524
IF (SIGN(1esTEMP) oJNE. SIGN(l.,XLJ(J}) ) GO TO 6140 DESU0525
IDL(J) = 1 DESCO526
GO TU 6150 DES00527
IDL(J) = 2 _ DESOO528
IDLZ2 = [DL2+1 DESCO0529
RJ(J) = TEMP DES00530
WJ(J) = TEMP DES00531
CONTINUE DES00532
C DESC0533
IF (IDL2 .EQ. 0) GO TO 300 DESQ00534
AR 2 oBd. 0UJ ‘ e
, DESO0536
SEARCH ROUTINE DESCO537
SEARCH AND FLAG FIRST Y-STOP IN THIS TIME STEP DESGCU538

DESDO0536




61600S3d
8.600S30
11500530
91600S30
§/1500S3a

¥1600S30
€,600530
21600530
1,500530
01600S340
69500S34a

89600530
19600530
99600530
59600530
¥9600S30Q
£9600S3d

294503534
19600530
095008530
65500530

L$S00S30
96500530
§6600S30
$6600S30
£€550NS30
2s500S3a
16500530

6500530

- B%S00S3a

L%500S30
9%G00S30
5%500S30

065005340

»%G00S3a

£%500S30

T 2Z%800S3a

1%¥500S30

7 0%%00S30

o%1ie
0cli¢e

0L 129
01 09

00s¢t

(L(r)fu*TINOIS

¢

6L 09 {(n13d

0Z2¢ 01 09
= {0)I01 N7

¥y =

(O PY—{(C) M) 7L~ ) ()M

T o=

LIOIPAX—(rI MY/ i) ()™

f 378vIidvA 1IMN3ITONI 430

‘w7__0

(C(PIPIXE*TINDIS °3N°

‘el

G11¢

00T1€ Ol 09

039¥3ANDID LON
*17° (1130)1Sgv) 41 092¢
dH = 17130
; 1 =11
(FYfM = (F)ICIX 0O%2s
9iIN¢T=r 0%»2¢ 00 022¢
09Z¢ 0L 09
WH = 17130
1 = ¥t
()M = (r)rY 002¢
QUIN*T= 007¢ 00
(919 °*03I° AH) 41 08I1¢
INNTINDD 001¢
U L ()MSHY) dI
2 = (f)1a1
, ¥o= D O06T¢
di {dH L1 ¥) 41
= ¥ 0%1¢
06¢1¢ N1 09
WH (WH *17° d) 41
= ¥ 021¢
001¢ 01 09
1 = (r)1al
SV 14NN
((r)rmet=1IN91S) 41
((rIrM¥*TINSIS) 41
AZ - ¥YA = ([)IFM GT1¢€
1¢ *00T€  (NIN) 41 011¢
cooe 01 09
F=INP
(2 *17° (r)131) 41

OWIN*T=r 001¢ D0
ssre

LD BN
U bt bt

oo o it

i

"dH
WH

2

g

g

2

5

A-36



61900530

81903530
£1900530
91900530
$1900S30

»1900S30

_ £19005340

21900S3da
11900530

01900530

60900530

80900S3a

L0900S3a
1 90900S30
$0900S30
»0900S34a
€0900S3a

20900S3a
10900530
00900S30
66600$30
85503530
16500530
96600530
$6600S3a
$6600S30
£6500S30
26600530
16500S30

06500530
68500530
88600530
18500530
98500530
8500530

%8500S44
£800S3d

28500530

18500530

08600530

SWYay NI 1d¥v1S3I¥ v S3ISAVI *SIILINNILNOISIA ¥0d4 1S3l
NOM “(00LE “089¢) 01 09

INNTINGD
000T 0L 09
G = coolr

LIN NV NIWL M3N °277)

ANNTLINDOD
000% 01 09
2 = 000%r

f = 1INN

¥3991I9¥1 31Nn23Xx3 01 09

0yGe 01 09 (g *3N° {(r)7G1) 41
0€se *0€Ge *0%s€ {¥iIN) 4l

0008 N1 09

Fr=INr

9 = SSOCr
AQUINYT1=r oO%»ce OQ
0 = SIONI
ANNTINGD
S¥3NOIY¥L 3NYVI¥VA IN3IONIA30
40 AND NO 3IONY¥3ITI0L 318v1id3I00V NIHLIIM GIQ¥IANOD SvH HIWVIS

000¢ 01 09

SO3 17w (1S23) 41
000Z 01 09

z = 00020
1730 = 10
1730 + 1 01 JIVH9IINT “viLinX¥-3ONN¥ ¥04

000€ 01 09
000/ 01 Q9
2 = 0004r

1 = (r)1g1

1= 921
‘ ‘ 1730 + 1 = 1
SNOTLIONOD $03 ONv S3IAILIVAI¥3Q 139
1730 + 1 1V SsA ¥04 3JLVIOMYIINT *NOLINOW-SHYAV ¥0d
NOY ¢ (00%€ ‘00€€) 0Ol 09

0e6e
0cs¢

0S%¢e

00¥%¢

06t ¢

00¢¢

L WO

A-37



3680 IF (INDIS .EQ. O) GO TO .350 - . - ..DESCO620

8¢—Y

GO Tu 100 DES00621
C . . . . . __ _DESO0®22 _
c TEST FUR DISCONTINUITIES, CAUSES DERIVATIVES TO BE RE-CALCULATED DES00623
c IN KUTTA , e e ... DESQ0624
3700 TGO = T DES00625
IF (INDIS .EG. O) GO TO 300 DESC0626 . _ _
C DESQ0627
GO TG (3752, 37511, AN DESD0628
3751 CALL DERL DESC0629
_. 3152 CAaLL DERZ2 - - o ..—..DESC0630
IF (ECST) CALL EOS DESU0631
IF (KR .NE. 0) GO TG 4910 ~ DESCO0632
GO TO 300 DESD0633
C DESCO0634
C DES00635
C*****"“f,#*f********#***************************"‘:************************.,**Q,ES‘O,Q@:ié_m_.__,
C ROUTINE TU CALCULATE CURRENT TMIN FROM LIST OF T-STUPS DESCO0637
c ALSU CHECKS FGOR ANY CHANGE IN ARSUMENTS THAT WILL CAUSE A RESTART DES00638
C STARTS AT 1000 AND RETURNS BY A CALCULATED GO TO USING J1000 DES00639
¢ DESQ0640
1C00 CONTINUE DES00641
oo TMIN = TRIPO ....DESGCO642
NTT = NSTART DES00643
IF (NIVT) 1060, 1060, 1010 DESO0644
1010 JJSS = 1 DESC0645
DO 1050 J=1,NTRG | DES00646
INT=J DES00647
o IF (IBL(J)) 1050, 1020, 1050 : .. .. DESC0648 . __
1020 GO TU 8000 DESO0649
1030 IF (NTR) 1050, 1040, 1040 DESOC650
1040 IF (Zv <GE. TMIN) 6O TO 1050 DESC0651
TMIN = ZV DESQG0652
NTT = 4 DESC0653
_..1050 CONTINUE . .. .DESO0654
1060 CONTINUE DESC0655
'C CHECK PUSSIBILITY OF A RESTART DUE TO A CHANGE IN ARGUMENTS  DESQ0656
IF (NCLD ~ N) 100, 1075, 1070 DESU0657
1070 NOLD = N o DESO0658

NEG = N DESGC0659
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0p-¥

8

5.

o PY(I). = YN(L) #+ SK.

OO O0O0N

Y(I) = PY(I) DESCO0700
_ . GO_T0. 2050 N - . DESOOTOY.
C L=4, SK=K4 DESCO702
2040 PY(I) = YN(I) + (DELZ(I,1) + SK)/6. DESQ0703
Y(I) = PY(I) DESUO0704
2050 CONTINUE DESCO705
C DESO0706
GO TG ( 2051, 2057, 2053, 2057),y L DESOQ7OT .
2051 T = TSV + PODT DESCO708
... .50 702055 DESCCTO9
2053 T = TSV + DT DE3S00710
2055 TC = 1 DESCO711
G0 TO ( 2057, 2056}, NN DESQO712
2056 CALL DER1 DESCO713 .
2057 CALL CER2 DESCOT14
2060 CONTINUE DESDOTLS
C DESCOT16
C RETURN DESCO717
GO TU ( 6010, 3450}, J2000 DESCOO718
****‘4‘********"’***************************9 peRordkoR R R Rk kR Rk ok R R R R ek R '***DESOOT]C) )
s e s s e o e v e ok s i e sk sk o sl ok o ok s ok ok ol o ol e ok ) s ok sk e sl e e sl sk e e e sl e R ok sk ok s s sk sk sk Rk e sk sk *¥x%%xDESQQT20
L o e ' _DESCO721
CALLS TO EXECUTE TRIGGER ROUTINES. NUMBER IS SET IN NNT DES00722
NNT MAY EQUAL ZERU WHEN GETTING THE FIRST M+2 DES0O0723
DIFFERENCES BY RUNGE-KUTTA BEFURE SWITCHING TO ADAMSDESQO0724
DESQ0725
NNT MAY EQUAL -1 WHEN ENOUGH DIFFERENCES ARE SAVED DES0O0726
. . . . ... Tu DOUBLE THE STEP SIZE DESQO7T27
RETURN IS BY J4000 DES00728
DESCO0729
4000 CONTINUE DESQ0730
I[F (NNT) 4500, 4400, 4005 DESCOT31
C DESG0732
4005 IF (NNT .GT. NTRG) GO TO 4300 . DESCOY33
60 TG (4010,4020,4030,4040,4050,4060,4070,4080,4090,4100, DESQO0734
X 4110), NNT DESQO735 _ __
C DESDQT36
4010 CALL RT1 DESCO737
DESO0738

G0 TO 4900

. DESOQL99 .




4020 CALL RT2

_DESCO739

Tv-¥

GO0 TO 4900 DES0U0740
4030 CALL RT3 DESCO74L _ __ _
GO TU 4900 DES00742
4040 CALL RT4 DESQ0743
GO TU 4900 DESCOT744
4050 CALL RTS DESC0745
G0 TO 4900 DESO0746
4060 CALL RT6 DESCO0747
GO TO 4900 DESCO0748
4070 CALL RTT DESC0T49
G0 TO 4900 DESO0750
4080 CALL RTS8 DESCO751
GO TU 4900 DESGO752
4090 CALL RT3 DESO0753
60 TG 4900 DESOOT754
4100 CALL RTI1O DESOO755 .
GO TG 4900 DESO0756
4110 CALL RTLL DESGCO0757
GU TG 4900 DESCO758
C DESCOT759
4310 FORMAT (///31H TRYING TO CALL TRIGGER RUUTINE, 13, DESCOT60
X 21H wHICH IS NOT DEFINED/) ~ DESGO761
4300 WRITE (644310) NNT DESGO762
GO TG 9900 DESGCO763
o DESCOT764
¢ DESCO765
o ROUTINE TO EXECUTE WHEN TAKING THE FIRST M+2 RUNGE-KUTTA STEPS DESOCT66
ke - AND GENERATING THE NECESSARY DIFFERENCE TABLES. ~ DESCO0767
C WHEN NODIF = M+42 THIS TRIGGER IS SHUT OFF AND CONTROL IS DES0O0768
o TRANSFERED TO ALCAMS CONTROL. DES00769
4400 CONTINUE DESQOTT7C
8 o TRIP = T + HC DESOCT771
o UPDATE DIFFERENCES TABLES DESUO772
5 _...DbC 4410 I=1,NEG = . ... _DbESCO773
TPl = DY(I) DESCO774
s . DO 4410 K=1,MP?Z o ~ DESGOT775
TP2 = TP1 DESQ0776
TPL = TPL - DELX(I,K) DESOOTT7

5_— . . . - SR IR 2 bl

4410 DELX(1,K) = TP2 DESCOT778

£




(A7 4

&

B _ _DESCO779 . __
NBDIF = NBDIF+1 DESCO780
_ _ _ _ IF (NBDIF .LT. ¥P2) GO TO 4995 . e —__DESCQ7BL
C DESO0782
o WHEN ENOUGH STEPS HAVE BEEN TAKEN, SWITCH TO ADAMS-MOULTON DESQ0783
KON = 1 DES0O0784
HSWICH = HC _ ~ DESGQ785
TRIP = BIG DESO0786
_ NSTART = 100 o _.DESOQ78T__
GO Tu 325 DES00788
c_ S e .- DESDO789
C ROUTINE TO DOUBLE THE STEP SIZE AFTER ENOUGH DIFFERENCES DESC0790
C o HAVE BEEN SAVED - . DESsOO791 _
C TIME CF THIS TRIGGER IS (M+1)%HC AFTER THE TIME WHEN THE DOUBLING DESUO0792
o _ PROCEDURE WAS SET OFF _DESCQ793 _
4500 CONTINUE DESCO794
. HC = 2.*%HC - _. _DESCOQ0795
H = HC DESQ0796
HD = .TRUE. DESQOQ0797 _
NSTART = 100 DESCO7S8
... TRIP = BIG ) , . DESQO79S _ _
o USING DIFFERENCES IN DELX GET (M+1) DERIVATIVES BACK FRGM THIS DESQ0800
C e, - ... DESQO08C1
C TIME AND STORE THESE IN DELZ DESOCBO2
DO 4530 I=1,NEG DES00803
DU 4520 J=l,MP1 DESQ0804
MM = MP2~J o - DESOQ805
DELZ(I,J) = DELX(I,1) DESQOC806
DO 4520 K=l.MM . DESQo0807
4520 DELX(I,K) = DELX(I,K) — DELX(I,K+1) DES00808
4530 DELZ(I,MP2) = DELX(I,1) DESGQ8CSY
C DESCO0810
C FROM DERIVATIVES IN DELY AND DELZ, SET DELY= BACK DERIVATIVES DESQO811
o WITH 2%HC TIME INTERVAL BETWEEN : DESQ0812
ASSIGN 4542 7O ISW _ __ DES0o0813
Il= MP2+1 DESCO814
.2 = MP2x2 _DESCO815 ___ _
4535 11 = [1-1 DESQO0816
.. IF (ILl) 4560, 4560, 4536 . ... .DEspoBl7 _
4536 [2 = DESOOB18




eEy=Y

IF ([2} 4536, 453cy 4540

o SWITCH TO DELZ TABLES DES00820
4538 ASSIGN 4544 TOQ ISW DESQ0821
[2 = 12 + MP1 DESQ0822
c e i DESC0823
C IN SAME LOOP, RE-CALC. NEW DIFFERENCE TABLES IN DELX BASED ON NEW DESOC824
o TIME STEP DESCQ0825
4540 DO 4550 I=1,NEQ DES00826
] GO TU ISWy (4542,4544) . DESCGC8271
4542 DELY(I,I1) = DELY(I,I2) DES00828
.. GO TO 4545 _DESC0829
4544 DELY (I,11) = DELZ(I,12) DESC00830
4545 TPl = DELY(I,Il) DESO0831
DO 4550 K=1,MP2 DESQ0832
P2 = TPL " DES0C833
TPL = TPI-DELX(I,K) DESOC834
4550 DELX(I,K) = TP2  DES00835
c DESO0836
GO TG 4535 DESCO0837
C DESOC838
4560 GO TG 4995 "DESC0839
C DES00840
C , N U . DESQQ841
C AFTER EXECUTING AN EXTERNAL TRIGGER ROUTINE, COME HERE DESG0842
4900 CONTINUE DES00843
o HAS RTMRK BEEN CALLED DES0O0844
B IF (KR .EQ. 0) GO TG 4920 ~ DESCO0845
o YES, RETURN TO CALLING PROGRAM DESC0B46
4910 KR = 0 N DESCCB47
‘ GU TU 9999 DESQ0848
o DES00849
C TEST FOR A DISCONTINUITY AFTER TRIGGER EXECUTION DESC0850
s 4920 JUNT = NNT DESC0851
JJss = 7 DESU0852
; Go 10 8O0O - - DESCC853
4930 CONTINUE DESC0854
6.C o o __ DESC0855 _
o IF THERE IS A DISCONTINUITY, SET INDICATCR DES00856
s. . 1F ( IABS(NTR) .EQ. 2) INDIS =1 _DESOOB57
o DESQ0858

_DESQO0819 _
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SR 7nd 4

T T i 2 ——

LT.0.) GO TO 5520 .

' SUM FROM K=0 TO M
DO 5510 K=1,MP1

C

ﬁﬂﬁﬁ

ool

5

E-N

5520 CONTINUE

5510 SK = SK + ACG(K)*DELX(I,K)
PY(I) = YN(I) + HC%SK
Y(I)=PY(1)
CALCULATE DERIVATIVES OF PREDICTED Y'S AT T + HC
T =TSV +HC
TC = 1
G0 TO (5526, 5525), NN
5525 CALL DEK1
5526 CALL DER2

N [FL 1 . - - - — —— - - - - - .
GO TO (5528, 9900, 5590), KIND

LEAVE DIFFERENCES AT BEG. OF STEP IN DELX
UPDATE UIFFERENCE TABLES FROM DELX USING PREDICTED
DERIVATIVES IN DELZ
5528 CONTINVE
7 DO 5530 I=1,NEw
TP1 = DY(I)
DO 5530 K=l,MP2
P2 = TPL ,
T2l = TPL - DELX(I,K)}
5530 DELZ(I,K) = TP2

i

CALCULATE CORRECTED Y'S AND GET LARGEST FRROR TERM
ENPL = 0.
DO 5550 I=1,NEy

"[F(UVCFF(I).LT 0.) GO TG 5550
SKP = 0.

SK = Ca

DO 5540 K=1,MP1

SKP = SKP+ACU(K)*DELX(I,K)
5540 SK = SK + BCO(K)*DELZ(I,K)

PY(I) = YN(I) + HC%SK

DESO0899
. DESQ09CC

DESQO0S01L
DESO0902

DES00903
DESDO9C4 |

‘DESU0906

DESCQ907

DESCOS08

- DESC0909

DESC0910

' DESO00S11

DESCOG12

 DES00913

DESU0914
DESCO915
DESO0916
DESGCO917
DESC0918
DES00919

" CESO0920

DESC0921
DES00922
DESC0923
DES00924
DES00925
DES00926
DESD0927T
DESC0928
DES00929

'DESG0930

DESCO0931
DESC0932

DESG0933

DES00934

DES00935




9y-¥Y

~3

(I) = pPY(I) .

= ABS{Y({I))

_ . _1IF (D .lE. YL} D = YL _ .
B = ABS{HC*{SKP-SK)}/D/A

IF(B3.GT.ENP1) ENP1=D

5550 CONTINUE

IF (ENPL o.LF. EL) GO TO 5580

TTIF (ENPL LLE. EU) GO TO 5590
C STEP SIZE IS TUC BIG
IF (HC/2. LLT. HMN) GO TO 5

C CALC. DERIVATIVES OF CORRECTED Y'S
CALL DER2
'C TEST ERRUR LIMITS FOR AUTOMATIC STEP SIZE CONTROL

590

DESOQ936

DESC0937

DESDQO938

DESC0939

IF (2.%HC .GT. HMX)} GO TO

C RESET FVERYTHING TO CONDITIGNS AT BEGINNING UF STEP
c INCLUDING END OF STEP COUNDITIONS
C © Y(I) AND PY(I) FROM YN(I)
c OY(I) FRCM 1ST COLUMN OF DELX
T = TSV
TC = 7T
00 5560 I=1,NEG
IF({ONCFF(I).LT.0.) GO TO 5560
oy (ry = YNULD)
PY(TI) = YN(I)
OY(T)=DELX(I,1)
5560 CONTINUE
IF (£CST)  CALL EOS
C
— kL =2 R
HOD = .TRUE.
TRIP = BIG
NSTART = 100
J1000 = 4
c TO RECALCULATE TMIN AND NTT
50 T0C 1000
5570 GO TG 5599
C
c STEP SIZe IS TUU SMALL
5580 IF ( .NUT. HD) GO TO 5590

5590

_ DESG0943

DES00941 .
DESC0942

DESO0944
DESGQ945

DESU0946

. DESG0947

DESO0948
DESGO94S
DESC0950

..DESCQ0951.

DESC0952
DESC0953
DESCO0954
DESU0955

DESOG956

DESD09ST

DESO0959.
DESC096C

DESBO961

DESC0962
DESC0963
DES00964
DESC0965
DESO0966
DESO096T
DESC0968
DESC0969
DESC0970
DESOO097L .
DESC0972
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6v~-Y

Zv.
GO

4 NTR

VAR
v

= IV3

TU 8100

Nl

NTR4
VAR4
= Iva

1}

GO
5 NTR
VAR
A

8 NTR
VAR

v

GO

9 NTR
VAR
A

60

10 NTR
VAR
v
GO

11 NTR
VAR

A

GO

9000 WRI

TC 8100
= NTR5
= VARS

= IV5.

TO 8100

= NTR6

= VARG
= IVé6

TO 6100
= NTR7
= VAR7

= IVT_

TG 100
= NTR8
= VaR§

= IV3

Td 38100

NTR9

= VARY

= IV3

TO 8100
= NTR10
= VARILO

= [V10

‘TU 6100

= NTR11l
= VARL]L
= ZIV11

T4 8100

ok e
i F
4 4C 3

< %
o

%-)-

3

TE (6,90

* &

b3
e
p-4

ee%

Rk kokkE%
***# *

10} TMIN,

::<

%

_DESO1051

DESO1052

.DESCL1053

DESO1054
DESO1055

- DESC1053

DESQGL1056
DESO1057
DESC1058

DESC1060

 DESO1061

DESO1062
DESCLQC63
DESO1064
DESULO65
DESC1066
DESCLO67
DESOL066
DESC1069
DESC1070
DESO1071
DESO1072

 DESD1073

DESCL074
DESO1075
DESOL1076
DESO1077
DESC1078

 DESC1079

DESC1060
DESOLO81
DESC1082
DESC1083

DESO1084
DESO1085
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kR ERERERDESGLOBT
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06-¥Y

9010 FORMAT (///10H T(MIN) = ,1PE10.3,28H IS LESS THAN CURRENT TIME, , DESO1091

X E10.3, 17H, MINUS DELTA U, +E10.3/) DESQ1092
L . , o _ . DEsSD1QS3 _ __ .
9900 ERROR = .TRUE. DESC1094
9599 RETURN S e e , DESQ1095
END DESCLO96
7
SUBROUTINE RTMRK DES(1098
_ COMMON _/DESY/ . . . . .o — ._DBESOLQSY
% KR{L), NMX, NEQ, NOLD, 4y MPLl, MPZ, NNy KIND, KON, DESCLI100
* IFLy NTRGy NIVT, NDVT, NTRpNSTART,NBDIF, NNT, NTT,IDL(11),DESO1101
* [bL2, JJSS,J1000,42000,44000,47000s IRST, EOST, HDy SMA, DESCl102
* ERRUORZREDOT 3 STEPNG, , DESC1103
* EU(L), EL, HMX, HMN, Yi, Ay ENPL, Dy By SKP, DESC1104
¥ SKy HC, DELU, DUSC, HOLD, VAR, IV, HM HP, Ry __DESCL1105 _
% Uy DELT, HMU, FMUSCK(L0},QQ(10},XLJ(11), RJ(IL), WI(11) DESO110¢
c o o } DESOLI107
KR = 2 " DES(C1108
RE TURN DESOL109 =
END DESC111C




APPENDIX B

ABEL TRANSFORM
AND
SELECTION OF PROBING FREQUENCIES.

ERROR ANALYSIS PROGRAM




RUN23(S)
AG0e o e
7

PROGRAM PROBER(INPUT OUTPUT,TAPES=INPUT ,TAPEA6=0UTPUT)

CCMMON/TRANSL/RTZ(101),RRZ(101),PHITZ(101),PHIRZ(101),DPHASE(10L),
21 o REFR(101),THETTZ(101),THETRZ(101) .
CDM DN/TRANSZ/NP IATMO,RHO(101),DONL(101),DN2(101),EL, EZ,RADIUS
o1 L.Vi20)
DIMENSION XNl(IUl), NZ(lOl),DUMMY(IOl)
10 READ(5,1000) NP, IATMO, Fl, F2. El, E2s RADIUS

IF(NP.LE.O) sToe

o , o
C #x#%ss%%x READ ABEL INPUT DATA FOR FIRST FREQUENCY #ikskisskuoksskkakskiion
C o

REA)(),IOOS) V
READ(541010) (RTZ(1),PHITZ(I) THETTZ{I),RRZ(TI)PHIRZ{I),THETR7 (1),

1 DPHASE(T) ,REFR(TI)yI=14P)

xkxkkrkkx DETERMINE REFRACTIVITIES FUR PERTURBED AND UNPERTURBED
A . ~ PHASE DATA FOR THE FIRST FREQUENCY ¥¥¥¥kixiiiickkkkikdkk

cbhob

WRITE(6,1006) V

WRITE(6,1020) F1
LALl ABEL(F1l,XNi)
DO 30 I=1,NP
. .30 DPHASE(I) . _ = DPHASE(I) + EIl
WRITE(6,1006) V
WRITE(6,1030) E1

CALL ABEL(F1,DUMNMY)
DO 40 I=1,NP A
40 DNL(L) = AYS(XHK 1(I)~DUMMY(I))

saEkkExs READ ABEL INPUT DATA FOR SECUND FREQUENCY #%sdsx koA Ak

READ(5,1010]) (RTZ(I),PHITZ(I),THETTZ(I)yRRZ(I),PHIRZ(I)'THETRZ(I)w
6. — - ..L . . . _ __ _DPHASE(I),REER{TI),I=1,NP)

C
5. C_%kxwskxs DETERMINE REFRACTIVITIES FUR PERTUREELU AND UNPERTURBED
c

PHASE DATA FUR THE SECOND FREQUENCY ##s#sststssstst
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APPENDIX C

PROGRAMMING CHANGES TO THE EXISTING
RAY TRACING COMPUTER PROGRAM

The ray tracing program being used before this study was

initiated (Ref, 11) was altered as follows:

a. The program had been written initially for an IBM-7044
and was changed to run on a CDC-6600 at the Data Reduction Center

at Langley Research Center, Hampton, Virginia.

b. The atmospheric and ionospheric models of Mars and
Venus derived in Section 2.3.1 were incorporated into the Langley

version of the ray tracing program.

PROGRAM CONVERS ION

The integration package of the 7044 ray tracing program was
originally written in 7044 assembly language. In order to make
it compatible with the CDC-6600 machine, the following changes
were introduced. A mathematically identical integration package
(i.e., Adams-Moulton difference method combined with a Runge-Kutta
integration method to start the integration procedure) called
DESOLV was written by Raytheon entirely in FORTRAN IV (Ref. 12).
DESOLV replaced the assembly language subroutine that was in the

ray tracing program.

Monitor control manuals for the CDC-6600 were studied and
appropriate control cards were made to replace the 7044 control

cards,




The ionospheric and atmospheric computer programs written for

this study replaced the old ionospheric model program.

THE TONOSPHERIC AND ATMOSPHERIC COMPUTER PROGRAMS

Four FORTRAN IV subroutines, NHFIT, SUBMU, SUBMUA, and SUBMUT,

were written and incorporated into the Raytheon ray tracing program.

NHFIT performs the quartic fit for the day-to-night transition
zone as described in Section 2.3.1.2. It is called once per ray
from subroutine POPPIN. It requires named commons PUT and RALPH
and uses CDC-6600 utility program MATRIX to solve the systems of

simultaneous equations.

SUBMU is called each integration step to compute the iono-
spheric or atmospheric index of refraction and its derivatives
with respect to ray position (i.e., altitude, colatitude, and
longitude). To do so, SUBMU determines from input parameters the
planet being investigated (Mars or Venus) and whether the ray is
in the atmosphere or ionosphere. Once these are determined,
SUBMU calls SUBMUI for ionospheric computations and SUBMUA for
atmospheric computations. The calling sequence to SUBMU is (YO,

RMIN, EMU, DMUDR, DMUDT, DMUDP, DMUDF, IND), where

YO (1) = ray geocentric radius

YO (2) = ray colatitude.

YO (3) = ray longitude

RMIN = the planet radius

EMU = (n) the index of refraction
DMUDR = Op/OR

DMUDT = OJp/08

DMUDP = Op/3o




!

DMUDF dpu/0f, where f is the propagating frequency

IND 1 for Mars, 2 for Venus,

li

Named common DATA is also required.

SUBMUA is called by SUBMU to compute M, %§ ' %% , and %% when
the ray is in the atmosphere. An indicator is passed to SUBMUA
from SUBMU to indicate which planet is being investigated. SUBMUA
uses the mathematics described in Section 2.3.1.1. The calling
sequence is (YO, IND, EMU, DMUDR, DMUDT, DMUDP). IND is the

planet indicator. The remaining parameters are as in SUBMU.

SUBMUI is called by SUBMU to compute p, %% ' %% ' %% . and %%
when the ray is in the ionosphere. SUBMUI uses the mathematics
described in Section 2.3.1.2, specifically the Equations (2-22),
(2-23), (2-24) and (2-25). The calling sequence is (YO, DMUDR,
DMUDT, DMUDP, DMUDF). The parameters are as in SUBMU. Named

commons RALPH and DATA are required.

Appendix A contains a complete listing of the modified ray

tracing program.

PROGRAM USE

A description of the techniques used to trace rays is fully
described in Reference 1ll1. However, in the program as modified
for the CDC-6600, the structure of the input has been changed.
Below is a description of the input deck setup and definitions of

input variables.

DECK_ SETUP AND VARIABLE DESCRIPTIONS

Input to program HRT2 consists of NAMELIST type data. Figure
C-1 illustrates a typical deck setup. The following list describes

each of the input variables.
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Figure C-1 Typical Deck Setup
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COORD (1)
COORD (2)

COORD (3)

COORD (4)

COORD(5)

COORD ( 6)

LIMIT(1)

LIMIT(2)

LIMIT(3)

LIMIT (4)

LIMIT (5)

LIMIT(6)

MISC (1)

MISC (2)
MISC (3)

MISC (4)

Il

Initial geocentric radius, o in kilometers
Initial geographic colatitude, 60,
0 <L 60 £ 180,

Initial geographic longitude, ¢O, in degrees,

0 < ¢ < 360.

in degrees,

Initial ray heading with respect to local vertical,
AO, in degrees, 0 K Ao < 180.
Initial ray heading with respect to south vector in

- < B_ £ 360.

Plotting interval in kilometers.

degrees, Bo'
This represents

an increment of phase path length.

Maximum permissable geocentric radius, Rmax' in
kilometers.
Minimum permissable geocentric radius, Rmax' in
kilometers.

Maximum allowable colatitude, emax' in degrees.

0 <6 o

max
Minimum allowable colatitude, 6 . ,

min

6 [
min < 180
Maximum allowable
0< ¢max'
Minimum allowable longitude, ¢min'

0] .
min < 360

in degrees,

longitude, ¢ . in degrees.
max

in degrees.
Print interval in kilometers. This represents an
increment of phase path length.

The number of equations to be integrated.

Ray type indicator. Set equal to 1 for ordinary
ray, to =1 for extraordinary ray.

The order of the difference formulas desired in the

integration (£ 8).

C~5



MISC(5)
MISC (6)
MISC (7)

MISC (8)
MISC (9)
MISC (10)

MISC(11)

MISC(12)
MISC (13)
MISC (14)
MISC(15)
MISC(L16)
MISC(17)
MISC (18)

MISC(19) and

CNST (1)

CNST (2)

CNST (3)

i

Il

Initial value of phase path length.
Propagation frequency in megacycles per second.
Reflection indicator. Set equal to 0 when no re-
flection is desired. Set equal to 2 when all re-
flections are desired.

Initial integration step size.

Interval for recording plot information.
Plot control parameter, set to 1 for plots set to
0 for no plots.
Set to 1 if a title is desired, O otherwise. If
MISC(1ll) = 1 a title card must be included after
the NAMELIST data. |

2Nmax at noon in electrons per cc.
2Nmax at midnight in electrons per cc.
FZHmax
FZHmax
Subsolar point colatitude in degrees.

at noon in kilometers.

at midnight in kilometers.

Subsolar point longitude in degrees.

Horizontal gradient width in degrees.
MISC(20) are not used.

Maximum integration error. When the integration
error is greater or equal to this value the integra-
tion interval is halved.

Minimum integration error. When the integration
error is less than or equal to this parameter the
integration step is doubled.

Maximum integration step. The integration step is

not permitted to exceed this value.

@]
I
o))




CNST (4)

CNST (5)

NTEST

il

Minimum integration step. The integration step is
not allowed to be smaller than this input.

Minimum value of the dependent variable. If the
dependent variable is less than or equal to this
parameter no halving will take place.

The last case indicator. The last case to be
executed in each run must have NTEST = 1. All

previous cases require NTEST = O.

The first five entries in this table define the initial posi-

tion and direction of the electromagnetic wave., In order to

better understand ray direction inputs, Ao and Bo' examine Figure

C-2 COORD(6) spaces points to be entered in the plotting array.

Any further plotting requirements would be dependent upon the

particular plot subroutine being utilized.

LIMIT(1)-LIMIT(6) TRIGGER STOPS

The integration package will cause the run to terminate if:

a.

the geocentric radius of the ray position reaches

LIMIT(1).

the geocentric radius of the ray position reaches

LIMIT(2) and no reflection is to occur.

the colatitude of the ray position reaches LIMIT(3)
or LIMIT(4).

the longitude of the ray position reached LIMIT(5)
or LIMIT(6).




;T (Loal N er-'\'lcp.\.)

éz (_@L&r L’Qciir‘)
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Figure C-2 Ray Direction Inputs
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MISC(l) PRINT INTERVAL

This parameter sets the frequency at which printed output will
be generated. MISC(l) = 100 would cause a block of output to be
printed whenever the phase path length reaches a multiple of 100

kilometers,

MISC(7) REFLECTION INDICATOR

MISC(7) = 0 will cause the program to stop whenever the geo-
centric radius of the ray position reaches LIMIT(2). A reflection
such as from the surface of the earth, will be simulated each time

the radius of the ray position reaches LIMIT(2), if MISC(7) = 2.

MISC(8) INITIAL INTEGRATION STEP SIZE

This is the initial integration interval used by the integra-
tion package., It will automatically be doubled or halved as the
maximum error in any of the dependent variables becomes less than

or greater than a specified bound.

MISC(11) NTITLE

Setting this parameter to 1 will cause some identifying state-
ment of up to 72 alphanumeric characters to be printed at the top
of the page immediately following the input information. In this
case, the desired heading should be punched on a card immediately

following the HRTZ2 input. If no heading is desired set NTITLE = O.

NTEST MULTIPLE CASES

This program enables the user to execute several cases with
a single run. We consider a 'case' to be the tracing of a single

ray according to one complete set of input data. With the first




set of data, NTEST should be set to zero. For each subsequent
case, punch the data set name, HRT2, followed by only those in-
puts which differ from the previous case. The inputs for each
case are simply placed one behind the other. For the last case

NTEST must be to 1.

INPUT FORMATS

Input contained in NAMELIST name HRTZ2 should be punched on

cards according to the following specifications:

1) Column 1 is left blank. A dollar sign ($) is punched

in column 2, indicating the beginning of a set of data.

2) The name of the set of data, HRT2, is punched in

columns 3-8, followed by a blank space.

3) The variable names followed by an equal sign, the
numerical value being assigned, and a comma are then punched.
Continuation cards may be used simply by punching the next vari-
able name in column 2 and continuing as before. The name of the
set of data, HRT2, need not be repeated. A dollar sign ($) must

follow the last entry in each set of data.

When entering values for a particular array, each name need

not be entered since values are stored sequentially. Thus,

MISC (4) 90, 80, 50 is equivalent to MISC(4) = 90, MISC(5) = 80,

MISC (6) 50. Blank spaces are ignored. Figure C-1 shows a

sample input deck.

All numerical values can be entered in either a fixed decimal
or exponential form., If the decimal point is omitted in a fixed
decimal number, it is assumed to lie directly in front of the

comma, with all trailing blanks converted to zeros. With




exponential format, the decimal point is assumed to lie to the
right of the least significant digit. As an illustration, the
following numbers will have identical binary representation in

storage:
2500.0,
25E+2
2.5E+3
25bb, where b=blank.

c-11
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nashua now  hampshire

ROYAL "‘ BUSINESS FORMS INCORPORATED

.y
[&e

—

MARS> GRADIENT = 3.5

___VERTICAL 1s AT 90,

TABLE D-1

___PROPAGATION FREQUENCY =

- = _400.0¢0000 UNPERTURBED PHASFE DATa o B
_ GEOCENTRIC ~ nIFFFRENTIAL CREFRACTIVITY REFRACTIVITY REFRACTIVITY PERCENT
RAUIUS PHASE DELAY CALCULATFD DIFFERENCE DIFFERENCE
35T, 9527156 -.0114787¢ =1,5024878 =%, TRP4GOHS =& ,BU0I095F-01 19.415
TTTTIAEY. 0039343 T =epi191253 =5,0745089 54402772 =3,6676B30F =01 T Te208
TTT3ABE,Ue4ETeY T L nT237643 -6,5917829 ST,44697T3  -B,5519437E.01 12,076 T
3591« 1240R07 =e 01226722 =7.R6{B793 “Be4021372 =BL.4025799F=01 YL
T 349, 8T, Tt T T = aT203031 =8,7761789 =9, 2475019 =4, 7162305E=01 TBLeT T T
T T 380168302791 =on1157406 =5,2985431 =969304659 “643192279F=01 64796
3I5V6,€546H35 = NIGBYZ50 =9, F5RIZE67 =9, ITBR4 299 B 0IBITILF =02 JAED
T U 3B11.€RP3A14 =eninigbob =9,3242335 =G ,413%69p =f,9335509F <07 SORA
T T 3BT6,.€890RTAT T T T L 0an943685 =R,3671406 -9,5899761 -6 ,22R3519€201 TT6,946
352V 793495 =enrBAS BT =R,Z579957 "R IAP34748 1+3457039F=01 1591
T T T3BZE,ERINEIV . NNTTT741T7 «7,R609456 =R,7177900 =8 5684440F=01 10,900 B
T T3R3T.2596466 UL WA Y- =7.,218804] =Te0PT74pR2 1e9217596F<01 2.R62
IR36, 25 TEGS ZLAABORTIT =&, 5778056 ~F,FH530716 TP, IZTREUTECD] 3.8472
T T 3RBY G 23483927 e nn528083 =5,96415382 =5,A7550R1 6.,6330116F=02 1e116
T T 3SHE AL TRIGE o ANGHTH1D =5,342761% «5,BR7£985 =2 ,4493T04E 01 & BRE
Elek-2 KX TS WA e pUIIRTET =T TRPGZ T =LA I0N307 I.57239647F =01 Te360C
P-——3%56, 1930207 -,h035R709 -4 2686758 -4 6579186 -3,8924286F.01" 9,719
M 3EE R 18[9 3R -en296325 =3,798739%5 =3e5481795 245035994F =01 64597
° I566, 1691619 0263350 =31,375338% =3,7103768 «3,3503828F.01 5,926
ST T T 3RTICIBI5167 =e (213917 =2,9%94018¢ =3s1037239) “1.0902066F=p1 Jehst -
f-— —38TE, 368769 -a0N173994 -2,A52752] =2, THHARYQ =1,1413692E.01 4,303
JERT (317517 e AnN13523 7 =2 ,34 716603 “Peb) ARG =694282041 =02 26987
f- T T 3%8, 1175415 =, N00S7R5E -2,0765768 =7,0389600 3,7616754E.02 1,811 -
ST T IBYYWLp&TTES ~e0N0N6361B =1.8357837 =?+1398821 =3,0379846F=01 16549 )
¢ 359, V925567 L annuo0UU G,0000000 ,000n0000 0. 0,000

i

D=2



14113

b

nashua  New
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___VERTIcAL 1S AT 90.

TABLE D-2

_____PROPAGATION FRENUENCY = 100000000  UNPERTURBED PHASE DATA , o
___ GEOCENTRIC _ nlIFFFRENTIAL REFRaCTIVITY REFRACTIVITY REFRACTIVITY _ PERCENT =
RAVIUS PHASE DELAY CALCULATFD DIFFERENCE DIFFERENCE
3576, U659I5H = 00183367 = 5674858 < T1378 7% =1, 506 7171g-01 76, 787
T 3481 UTRGB0E T =.00 189784 =.R136243 = R761154 =6aP491124FE=02 T 7eaBY
T3 BE,UBRRIEY T T T L AN195944% =1,0546919 =1,.,20656%8 =1,6987390F 01 14210
3&91.U971158 =en0174020 1620071357 =1 e2BB158] =3.0382B5BF =02 20419
TTTTIRYE,,LpTERGE T T T L 0191728 =1,399728¢ w] 4505163 -5,0788330F.02 3,658 7
T 3B01.11216627 T =enn1BR583 =1.4814050 =1+60547192 =102421425E=01 84385 T
3506, T1T3I788T PO HENECE Y =1 .5060301 w ] OT4HY G =H HUO/4T8TF.(3 e BRY
TTT3RIN.T22379R T T -en0162360 =1.483872R =10510%467 =7 6973928F 02 leRy8
TTTTISTALERTY00R T T T T L, 0150462 -1,4726R311 ~1,5262199 =9 ,9988725F .02 T T.n08 T
I521 - [168REY S hnI3491% =1, 3457389 =T e34971681 P «BIT2654F=pa 0214
3826, 12187003 -, N012286% -1,2512389 =1,3324721 =R8,1233217€.02 6,492 T
T U3S316 1161847 ~+00107940 =1.1498263 11327410 1+69R5310F =02 Tea77 —
3536, TenT2%R —An09TZEY =T, 0470628 =T, T19%097 ST P¥GBSETE 0?2 5,919
TTTISFLII399AS T T =.00nB3711 =a6468732 ~+0118324 3.5140762F=02 3.711
T 3S%6,I09063R T =, 00074859 -, A51R4T0 -, BB5R164 =3,.,3669428F.02 3,953
388TITI6SNH =en0004373 =, 1678123 = 7452161 1« 7°58187E=0¢ Ze3nl
- —— 3556, t069B4T =, 00056893 -,6810992 o T40ABKT -5 ,B957630E.02 B, 656 -
o 3BELIP99TIRT T =en0047000 -.6063987 ~+5670595 3.8439232F=02 6735
' 3566, 1055395 . DOT&ZTB6S <, 5IRG36R -2 6077596 ~6,33159SBEZ07 11,748
Pt 38TV 9989 ~efp033110 -.4782122 ~+6725595 5.,6527043F=03 12182
P 35T, U951254 - N002T244 -, 423R8382 -s439°R07 =1,5642543E-02 3,643
’ JEHT« yYRRGRT =e(0020/53 - 3752087 =360RnB) 146%00719F =02 3.R3B
Co - T 3586, 0942059 =.fppls282 «,3319864 -.2632889 3,8127533E-02 11.485
S 3ROV U905 Z.00011166 =.,2935779 “s3742663 =8,13884]12F=02 27723
¢ IEYR, U954 67 .06000000 01.0000000 (,000r000 0, 0.000
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5LL6 ~

919

__PROPAGATION FREQUENCY = 2200400000  UNPERTURBED PHASE DATA L o
___ GEDCENTRIC  nlIFFFRENTIAL REFRACTIVITY ~ REFRACTIVITY  REFRACTIVITY PERCENT
RAUTUS PHASE DFLAY CALCULATFD DIFFERENCE DIFFERENCE
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—— 38T EB299T6  — — — =ep1024T05 T 7 T =9.45n71768 =G, BRTARGR  — =] IEBBOISFSl T T T T Yess8 T
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38362547979 = UEoB Y =5, 664 TET =6 R3IPYIIE =T, 68207 0SESDT Z.57%
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ST 6265, (1T945R =.n1167505 =14,96A4745 -16+1R?7123 =1.2162378F+00 Re126 =
4 BT, o373 TH TTARTHREUCS ~TT,I9RG0%7 174667433 2. 1342613F+00 20,717 =
T a7 4326523 ~o1n5T72368 =11,A4507882 =R.9378RA) 2.7129021F+00 23.2R5 =

2o e i e e e — o

D~-8



14113

nashua new  hampshire

ROYAL “' BUSINESS FORMS INCORPORATED

9656LL6

__ VENUS GRADIENT =

AL N B

35

_ _VERTICAL 1S AT 90 _

TABLE D-8

e i e e

___ _PRORAGATION FREQUENCY = 1000400000  UNPERTURBED PHASE oATa =
___ GEOCENTRIC  DIFFFRENTIAL ~  REFRACTIVITY _REFRACTIVITY  REFRACTIVITY  PERCENT |
RADIUS PHASE DELAY CALCULATFD DIFFERENCE DIFFERENCE
6150.253755% =, P IT55658 G.0000000 = [3ZF1HB =1,32RI8BIF-01 13.762
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6165, TBRTISH =N T136458% 00000000 1793114 Te79311%1F=01 17931 -
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TTTBP15.54T523RT T T = p0B93iA85 ~7.3100981 -6+9BRREDT 3,2123846E-01 4386 T
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