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MANUIN U

iﬂsumumsﬁm‘amﬁumﬁmazmmn%"aﬁnma?uﬁ'u

1000 CLS
1010 PRINT "# POSVEL # POSITION AND VELOCITY"
1020 PRINT "# FROM CLASSICAL ELE

1030 REM

1040 DEFDBL A-Z
1050 DEFINT K
1060 REM

1070 DEF FNSH (X) = (E
1080 DEF FNCH (X) = (EXB
1090 REM
1100 REM
1110 Q1 = .0174532925#% |
1120 G$ = " st
1130 S$ = "HthHHHHHE S0
1140 AQS = "A"
1150 MTS = "MM"
1160 REM

1170 READ EC

ugoREADNsEIuEJ’JVIEWI'SW gIn%

1190 READ M

uoo&ﬂoﬁ'] AINIUUMIINYAY
1210 REA AQ,E,MT

1220 READ I, OO, W

1230 REM

1240 IF AQ <0 THEN MTS$ ="TT"

1250 IF ABS(1 - E) <.001# THEN AQ$ ="Q"

1260 IF AQS$ ="Q" THEN MT$ ="TT"

1270 REM
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1280 LINE INPUT ""; A$
1290 CLS

1300 PRINT "POSITION AND VELOCITY"
1310 PRINT "FROM"

1320 PRINT "CLASSICAL ELEMENT"
1330 PRINT N$
1340 PRINT E$

1350 PRINT "K"; TAB(7); : PRINT:
1360 PRINT "EC"; TAB(7); : P ;

1370 PRINT
1380 PRINT "T(0)"; TAB(7):4
1390 PRINT
1400 PRINT "CLASSICAL
1410 PRINT
1420 PRINT AQS$; TAB(
1430 PRINT "E"; TAB(7); {8k
1440 PRINT MTS$; TAB(7); : B
1450 PRINT "I"; TAB(7); : PRINTAUS]
1460 PRINT "00";
1470 PRINT "W": TABE
1480 REM )}
1490 LINE INP[ﬁ . ag O o

THINYNINYINT
ilﬁfﬁ%lmmmumfmmaﬂ

1530002 00 * Q1

1500 CLS

1540 W = W * Q1

1550 REM

1560 REM

1640 REM *** ELLIPTIC MOTION ***
1650 REM

1660 MM = MT * Q1



1670 EE = MM

1680 F =EE -E * SIN(EE) - MM
1690 PRINT "F=";

1700 PRINT USING G$; F

1710 IF ABS(F) <.0000001# THEN 1750
1720 DF =1 - E * COS(EE)
1730 EE=EE-F/DF

1740 GOTO 1680
1750 R = AQ * (1 - E * COS(EE)
1760 EP = SQR(M / AQ) / K™=
1770 B = AQ * SQR(1 - E *
1780 XB = AQ * (COS(EE
1790 YB = B * SIN(EE)
1800 XP = -AQ * EP *
1810 YP = B * EP * COS
1820 GOTO 2260

1830 REM

2240 REM ***UNIT VECTORS PRZAND 1‘5 L
2250 REM ~

2260 PP(1) = COS(W)' 0

l
2270 PP(2) = COS(W) * SIN(0OO) + SIN(W) * COS(00) * COS#

2280 PP(3)=S

o B INENINEINS

2300 QQ(1) = -SIN(W) * COS(00) - COS(W) * SIN(O@¥* COS(I)

R AR IRTUHUBIARE 1A 8
2320 QQ(S) = COS(W) * SIN(I)

2330 REM

2340 REM *** POSITION AND VELOCITY ***

2350 REM

2360 FOR K =1 TO 3

2370 R(K)=XB * PP(K) + YB * QQ(K)

2380 V(K) = XP * PP(K) + YP * QQ(K)



2390 NEXT K
2400 REM
2410 REM *** REDUCTION TO EQUATION IF REQUIRED ***
2420 REM

2430 RO(1) = R(1)

2440 RO(2) = R(2) * COS(EC) - R(3) * SIN(EC)

2450 RO(3) = R(3) * COS(EC) + R(2) * SIN(

2460 REM

2470 VO(1) = V(1)
2480 VO(2) = V(2) * COS(E®)
2490 VO(3) = V(3) * COS(E
2500 REM
2510 LINE INPUT ""; A
2520 CLS
2530 PRINT "POSITION
2540 PRINT

2550 PRINT "R(K)"; TAB(7); #F i 3
2560 PRINT USING GS: RO(1); ROGHIRAS )
2570 PRINT "V(K)"; LAB@)

2580 PRINT USING (%4¥¢
2590 END )

20000 'DATA 23 339291# ‘o

GHANunsSNYINg
iiﬁ?ﬁ?ﬁ%mnmumqﬂmaﬂ

20040 D A 4.283#,0.011#,146.6#

20010 'DATA "

20050 'DATA 2.3#,73.7#,77.5#

20060 'REM

30000 'DATA 23.439291#

30010 'DATA"JUPITER","J2000.0",0.017202099%
30020 'DATA 1.000954791#

30030 'DATA 2452200.5#



30040 'DATA 5.2026#,0.0485#,65.426#

30050 'DATA 1.303#,100.469#,273.866#

30060 'REM

40000 DATA 23.439291#

40010 DATA "SATURN","J2000.0",0.017202099#
40020 DATA 1.000285878#

40030 DATA 2452200.5#

40040 DATA 9.5549#,0.0555#,335
40050 DATA 2.489#,113.661#
40060 REM
50000 DATA 23.439291#
50010 DATA "HIDALGO" 4
50020 DATA 1

50030 DATA 2452200.
50040 DATA 5.750#,0.6 0.2
50050 DATA 42.6#,21.6#,56

AU INENTNEINS
ARIAIN TN TN
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100
MANUIN A
iﬂmﬂsumime‘iumdmmzmmﬁwmmamswﬁﬁaﬂﬁnmdncﬁﬂmxnﬁaﬁ%mmmm
1000 CLS

1010 PRINT "ENCKE # RA AND DEC"

1020 PRINT "# FROM PERTURED ORBI

1030 PRINT "# BY UNIVERSAL
1040 PRINT "# AND RUNKE-KE
1050 PRINT

1060 DEFDBL A-Z
1070 DEFINT I-K, N, Q
1080 REM
1090 DEF FNVS (X, Y,
1100 DEF FNMG (X, Y,
1110 DEF FNDP (X1, Y1, 7 2+7Z1*72
1120 DEF FNASN (X) = ATN@&'/ SREX

1130 DEF FNACN (X) = ,5-.-;_3;:‘_ (%N 5079632634

1140 REM -4 il -

1150 DEF FNAK (M, | 5""" : B2 - R *R))
1160 DEF FNV (VK) =

1170 DEF FNA g (1 +M) *

1180 DEF FNF )u/ ﬁﬂ ﬁ] ﬁ%(wktrﬁ ﬁi

1190 DEF FNG(M RU, R1.RP, R2, AK¥= (1 + M) * (R&L/ (R1 * R1 * RIQ#RP / (R2 * R2 *
m»wﬂ WIANNIUNRINYA Y

1200 REM

1210 DIM T(1000), B(19)

1220 DIM R(1000, 3), V(1000, 3)

1230 REM

1240 Q1# = .017453293#

1250 G$ = "#it# HHtH#HHH"

1260 j§ = "##4# #HHHH"



1270 AS = "HHH#HE HEHHHH"
1280 DS = "##Hih #H#H"
1290 AMS = "###"

1300 ACS = "#t## ##"
1310 DMS$ = "######"
1320 DCS$ = "#### #"
1330 REM

1340 READ AB

1350 REM

1360 READ N$(0), E$, K# ™
1370 READ M(0)
1380 READ T(0)

1390 READ R(0, 1), R(0, 2)

1400 READ V(0, 1), V(
1410 REM

1420 READ TF

1430 REM

1440 READ RR(1), RR(2). RR(3) 47
1450 REM '
1460 REM

1470 REM

1480 READ NQ,

ot ﬁﬁmmmwmm

1500 FOR Q = 1 TO NQ
@W’@@ﬂﬂimuﬁ']qﬂmaa
1520 READ M(Q)

1530 READ RE(Q, 1), RE(Q, 2), RE(Q, 3)

1540 READ VE(Q, 1), VE(Q, 2), VE(Q, 3)

1550 NEXT Q

1560 REM

1570 REM

1580 REM
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1590 PRINT N$(0); C$

1600 PRINT "PERTURBER EPOCH:"; TAB(19); TQ

1610 PRINT "INITIAL EPOCH:"; TAB(20);

1620 PRINT USING j$; T(0)

1630 PRINT "FINAL EPOCH:"; TAB(20);

1640 PRINT USING j$; TF

1650 PRINT "ELAPSED TIME:"; TAB(20);
1660 PRINT USING j$; (TF - T(0
1670 PRINT

1680 INPUT ">>>NUMBEROL

1690 REM

1700 REM

1710 REM

1720 B(1) =1

1730 FOR j =2 TO 19

1740 B()=B(-1)/]
1750 NEXT

1760 REM

1770 REM ('
1780 REM Y

T
1790 FOR Q =1 TO NQ=

1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900

- AUEANINTNYNS

RN TUUMINYAE

VE(Q, K) = VE(Q, K) / K#
NEXT K
REM

M=1+M(Q)

RV =FNDP(RE(Q, 1), RE(Q, 2), RE(Q, 3), VE(Q, 1), VE(Q, 2), VE(Q, 3))

V2 =FNVS(VE(Q, 1), VE(Q, 2), VE(Q, 3))
RO(Q) = FNMG(RE(Q, 1), RE(Q, 2), RE(Q, 3))
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1910 DO(Q) =RV / SQR(M)

1920 AI(Q)=2/RO(Q)-V2/M

1930 CO(Q) =1-RO(Q) * AI(Q)

1940  S0(Q) = DO(Q) * SQR(ABS(AI(Q)))

1950 N#(Q) = K# * SQR(M) * SQR(ABS(AI(Q) * AI(Q) * AI(Q)))
1960 REM
1970 NEXT Q
1980 REM
1990 REM
2000 CLS

2010 PRINT "RA AND DECY
2020 PRINT "FROM PER
2030 PRINT "BY UNIVER
2040 PRINT "AND R
2050 PRINT N$(0)

2060 PRINT ES$ -

2070 PRINT "NQ"; NQ; C$; T
2080 REM
2090 PRINT TAB(4){l@f
2100 PRINT TAB(18)%

2110 PRINT TAB(54); IE

2130 REM ﬂuEJ’JVIEJﬂjw E.I’]ﬂi

2140 REM

21501@%?’]8%‘5&!41&']'37]8’]@8

2160 DT (TN - T(0)) / NS

2170 REM

2172 REM

2174 INPUT "enter filename :"; N$
2176 OPEN NS§ FOR OUTPUT AS #1
2178 PRINT #1,

2180 FORi=0TO NS
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2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500

104

REM
IF i =0 THEN 2650
REM
T@)=TG-1)+DT
REM
REM
REM
REM

REM * REFERENOEs
REM -
GOSUB 11010: Ria™
REM

FORK=1TO

RG, K
VG, K) P gRGE 1, 96

. :’ i e

roo.10 g1 K55 20
VQ(0, K) = Vi
NEXT K

FORQ=1TON

Mﬂuﬁﬁﬂﬂﬂ§W81ﬂﬁ

REM PERTURBER ORBIIS *
ARIAINTUUNIINGIAY
GOSUB 12010: REM PORB/SUB
REM
FORK=1TO3
RQ(Q,K) =F * RE(Q,K) + G * VE(Q, K)
VQ(Q, K) =FP * RE(Q, K) + GP * VE(Q, K)
NEXT K

REM



2510 NEXT Q
2520 REM
2530 REM
2540 REM
2550 REM
2560 REM * NUMERICAL INTEGRATION *
2570 REM
2580 GOSUB 13010: REM E)
2590 REM '
2600 FORK =1 TO 3%
2610 RG, K) = R
2620 V(i, K) = Vi
2630 NEXT K
2640 REM
2650 R = FNMG(R
2660 REM
2670 PRINT USING j$; ()4
2680 PRINT USING GS; R(i, 1):RE)2
2682 PRINT TAB(1{):
2684 PRINT USING'G#,
2690 REM [}
'LINE IN
mmﬁummﬂ'swmm

2704 PRINT #1, ING GS: R(, 1); R(1,8); R4, 3); R;

A WARIATUHBIINYAY

2708 'LIN! INPUT " "; IS

2710 NEXT i

2715 CLOSE

2720 REM

2730i=1-1

2740 REM

2750 PRINT TAB(11);

105



2760 PRINT USING G8$; V(i, 1); V(i, 2); V(, 3)
2770 REM

2780 REM

2790 REM

2800 REM

2810 REM * LIGHT-TIME *

2820 REM

2830 FORK=1TO3
2840 P(K) =R(i, K) +
2850 NEXTK
2860 REM
2870 P =FNMG(P(1), P
2880 REM

2890 AP=AB*P
2900 IF T(i) - (TF - AP)
2910 T(i) = TF - AP
2920 DT=T(@)- TG - 1)
2930 REM A
2940 GOSUB 11016 -—-—
2950 REM
2960 FORK=1TO 3+

- ﬁﬁ%w%mm

2990

Mﬁ']ﬁ\‘lﬂimmﬂ']?ﬂﬂ’lﬁﬂ

3010

3020 REM

3030 REM

3040 REM

3050 REM * RA AND DEC *
3060 REM

3070 FORK=1TO3
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3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310

107

LL(K)=P(K)/P
NEXT K
CD =SQR(1 - LL(3) * LL(3))
CX=LL(1)/CD
SX=LL(2)/CD
REM
GOSUB 16010: REM ARC/S

REM
A=X/(15*Ql#)

AC=(A-
REM

DD =FIX(D)

DM = FIX((D - DIV * 6§

REM
PRINT

Wﬂummmw Al

PRINT TAB(18) "A(D)"; TAB(30; "D(I)"; TAB#2); "P(1)"

ﬂ»ﬁ']ﬁl\‘lﬂimmﬂ']?ﬂﬂ’lﬁﬂ

3330
3340
3350
3360
3370
3380
3390

RINT USING i$; TF;
PRINT USING AS$; A;
PRINT USING DS; D;
PRINT USING G$; P
REM

PRINT TAB(13);

PRINT USING AMS; AM;
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3400 PRINT USING ACS; AC;
3410 PRINT USING DMS$; DM;
3420 PRINT USING DC$; DC
3430 PRINT

3440 PRINT "ENCKE"

3450 END

11000 STOP

11010 REM # RORB/SUB # COMPU!
11020 REM # UNIVERSAL VAR

11030 M = 1 + M(0)
11040 RO = FNMG(R( - 1,

11050 DO = FNDP(RG - 1 aRG#AA Ra LG - 1,2), V(- 1,3) / SQROV)
11060 AI =2 /RO - FNVS( NG
11070 CO= 1 - RO * Al
11080 WW = K# * SQR(M *
11090 XX = WW / RO
11100 X2 = XX * XX
11110 XA = X2 * Al
11120 X3 = X2 * XA
0) 16)- XA * (BUS)))
‘I A * (B(4) - XA * (B(6) - XA*(B( '+ CC))))

*ﬁmﬂﬁlﬁﬁ’w’lﬁ S
11145 UU= Xﬁ B@) B(9)

11150 SS=XX - UU*AI

%W}@@ﬂﬁﬁu&%ﬂ NYAY

11170 IF ABS(FX) <.00000005# THEN 11210

11130 CC=-XA * (B
11135 CC=X2*(B(2

11180 DF =R0+ CO * CC + D0 * SS
11190 XX =XX-FX/DF

11200 GOTO 11100
11210F=1-CC/RO

11220 G = (RO * SS + D0 * CC) / SQR(M)
11230 R =R0O + CO * CC + DO * SS



11240 FP = -SQR(M) * SS/ (R * RO)

11250 GP=1-CC/R

11260 RETURN

12000 STOP

12010 REM # PORB/SUB # COMPUTES PERTURBER ORBIT
12020 REM # CLOSED ELLIPTIC F&G EXPRESSIONS

12030 WQ = N#(Q) * (T(i- 1) - TQ)

12040 GG = WQ

12050 FG=GG-C0(Q) * S
12060 IF ABS(FG) <.000002%
12070 DF=1-C0(Q) * CQ
12080 GG=GG-FG/D
12090 GOTO 12050
12100 CC = (1 - COS(GG)) / #1(Q
12110 SS = SIN(GG) / SQR(ABS( 1(Q)

12120 F =1-CC/RO(Q) | Sl

12130 G = (RO(Q) * SS + DO(QN * (IGE£SOR M

12140 R =RO(Q) + CO(Q) * CC B0y 8/

12150 FP = -SQR(1 +v4@)) * SS /(R *RO(Q)) =
12160 GP =1 - CC /R
12170 RETURN
13000 STOP

o e i) UPANENINANT

13020 REM # FOR THE MOTHOD OF ENCKE

e Al A9INTUUNIAINYIAY
13040 H = K# *DT

13050 REM

13060 REM ***kkkkxxkk QTEP | *k*¥ %k kskkkk

13070 REM

13080 FORK =1TO 3

13090 DV(0,K)=0

13100 RP(0, K) = RQ(0, K)
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13110

VP(0, K) = VQ(0, K)

13120 NEXT K

13130 REM

13140 FOR Q = 0 TO NQ

13150
13160
13170
13180
13190

13200 NEXT Q
13210 REM
13220 GOSUB 15010: RE
13230 REM

13240 FORK = 1 TO 3

13250
13260
13270
13280
13290
13300
13310
13320

13340
13350
13360
13370
13380
13390
13400
13410
13420

FORK=1TO3
RK(Q, K) =RQ(Q, K)
VK(Q, K) =VQ(Q, K)
PK(Q, K) = RK(Q, K)

NEXT K

L1(K) = LX(K)
S1(K) = SX(K) L
FORQ=0TONQ ,

ULQ, K) = UX(Q, K)AZ2b) = /i

wi(Q kiwilo
NEXT Q "5 :
FI(K) = FX(K) o0
GI(K) =

13330NEXTng:ﬁ EI?V] Hﬂfw EJ’] ﬂ?
’E‘?mmmw*um NYINY

FORK=1TO3
DV(0,K)=GI1(K) /4
RP(0, K) =RQ(0,K) + L1(K) / 4
VP(0, K) =VQ(0,K) + S1(K) / 4
NEXT K
REM
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13430
13440
13450
13460
13470
13480
13490
13500
13510
13520
13530
13540
13550
13560
13570
13580
13590
13600
13610
13620
13630
13640
13650
13660
13670
13680
13690
13700
13710
13720
13730
13740

111

FOR Q =0 TO NQ
FORK =1TO 3
RK(Q, K) =RQ(Q, K) + U1(Q, K) / 4
VK(Q, K) = VQ(Q, K) + WI1(Q,K) / 4
PK(Q, K) = RK(Q, K) - RP(0, K)
NEXT K
NEXT Q
REM

GOSUB 15010: REM
REM
FORK=1TO3

U2(Q,

W2(Q, K) #W3
NEXT Q

F2(K) = FX(K) |

G2(K) = G ]

NEXTK %

REZ**ﬁ*ﬁETTﬁﬁ*mwmm

FORK = 0 TO 3
wa@»ammm'mmaﬂ
Y e, ) - RQ(0, K) + (L1(K) + L2(K)) / 8
VP(0, K) = VQ(0, K) + (S1(K) + S2(K)) / 8
NEXT K
REM
FOR Q=0 TONQ
FORK=1TO3
RK(Q, K) =RQ(Q, K) + (UL(Q, K) + U2(Q,K)) /8



13750
13760
13770
13780
13790
13800
13810
13820
13830
13840
13850
13860
13870
13880
13890
13900
13910
13920
13930
13940
13950
13960
13970
13980
13990
14000
14010
14020
14030
14040
14050
14060

VK(Q, K) = VQ(Q, K) + (W1(Q, K) + W2(Q, K)) / 8
PK(Q, K) = RK(Q, K) - RP(0, K)
NEXT K
NEXT Q
REM
GOSUB 15010: REM SUBSUB
REM

FORK=1TO3
L3(K) = LX(K)

NEXT Q
F3(K) = FX(K
G3(K) = GX(K)

NEXT K

REM

e - _—

w2

FORK=1TO 3 ]

ﬁmﬁﬁiq%mmm

VP(O K) =VQ(0,K) - (S2(H') 2 *S3(K)) 2,

ﬂsﬁ']ﬁﬂﬂ‘imuﬁﬂﬂﬂ’lﬁﬂ

FOR Q =0 TO NQ
FORK=1TO3
RK(Q, K) =RQ(Q, K) - (U2(Q, K) -2 * U3(Q, K)) / 2

VK(Q, K) = VQ(Q, K) - (W2(Q, K) - 2 * W3(Q, K)) / 2

PK(Q, K) = RK(Q, K) - RP(0, K)
NEXT K
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14070 NEXT Q
14080 REM
14090 GOSUB 15010: REM SUBSUB
14100 REM

14110 FORK=1TO3
14120 L4(K) = LX(K)
14130 S4(K) = SX(K)

14140 FORQ=0TONQ
14150
14160
14170
14180
14190
14200
14210
14220
14230 REM
14240 FORK=1TO3 _
14250 DV(0, K __T_:_:"____- _____________
14260 RP(0, K)
14270 VP(0,K) = "I» ,K)+ (3 *S1(K +9*S4(K))/1 5
14280 NEXT K

0 R ﬂUEJ’J‘VIEWI?WEI’]ﬂ?

14300 FOR Q= OTON

14zloﬂﬁqaﬁﬂiﬁuuﬁ1?ﬂﬂ’lﬁﬂ

14320 RK(Q, K) =RQ(Q, K) + (3 * UI(Q, K) + 9 * U4(Q,K)) / 16
14330 VK(Q, K) =VQ(Q,K) + (3 *W1(Q,K) + 9 * W4(Q,K)) / 16
14340 PK(Q, K) = RK(Q, K) - RP(0, K)

14350 NEXT K
14360 NEXT Q
14370 REM

14380 GOSUB 15010: REM SUBSUB
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14390 REM
14400 FORK=1TO3

14410 L5(K) = LX(K)

14420 S5(K) = SX(K)

14430 FOR Q =0 TONQ

14440 Us(Q, K) = UX(Q, K)
14450 W5(Q, K) = WX(Q, K)
14460 NEXT Q

14470 F5(K) = FX(K)

14480 G5(K) =
14490 NEXT K
14500 REM

14510 REM ****** STEP
14520 REM
14530 FORK =1TO 3 7 ‘

14540 DV(0, K) = -(3, ) - G2(k i Q)+ 12 * G4(K) - 8 * G5(K)) / 7

14550 RP(0, K) = RQ(0, K) -A&XL1 5P 12 * L3(K) + 12 * L4(K) - 8 *
L5(K)) /7

14560 VP(0, K) = ¥Q(0 )+ 12 * S4(K) - 8 *
S5(K)) '
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14570 NEXT K

ass0 R ﬂUEJ’J‘VIEW]'a'ﬂEJ’]ﬂ‘i

14590 FOR Q = O TO NQ

-« RN TUNN NG Y

14610 RK(Q,K)=RQ(Q,K)-(3*U1(Q,K) -2 *U2(Q,K) - 12 *U3(Q,K) + 12 *
U4(Q,K) -8 *U5(Q,K)) /7

14620 VK(Q, K)=VQ(Q,K)-(3*WI(Q,K)-2*W2(Q,K)- 12 * W3(Q,K) + 12 *
W4(Q, K) -8 * W5(Q,K)) /7

14630 PK(Q, K) = RK(Q, K) - RP(0, K)

14640 NEXT K

14650 NEXT Q
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14660 REM
14670 GOSUB 15010: REM SUBSUB
14680 REM

14690 FORK=1TO3
14700 F6(K) = FX(K)
14710 G6(K) = GX(K)
14720 NEXT K

14730 REM

14740 REM %5545k
14750 REM

14760 FORK =1TO 3
14770 DR(0, K) = 30K) % 12, Yt 32 * FS(K) + 7 * F6(K)) / 90
14780  DV(0,K)=(7 yin 530 | ) +32 % GS(K) + 7 * G6(K)) / 90
14790 NEXT K
14800 RETURN
15000 STOP ; :
15010 REM # ENKS SUBSUBROVIEINE #
15020 REM
15030 FOR Q = 1 TOkN@« s
15040 RK(Q.0)=F 5-' 3
15050 PK(Q,0)=FN 4 PK(Q, 1), PK(Q, 2), PK(Q, 3))

o U AN NG5

15080 NEXT K

’vHﬂQ'] AINIU UM INYAY
15100 R M

15110 FORK=1TO 3

15120 AK(0,K)=0

15130 FORQ=1TONQ

15140 AK(0, K) = AK(0, K) + AK(Q, K)

15150 NEXT Q

15160 NEXTK
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15170 REM
15180 RK(0, 0) = FNMG(RK(0, 1), RK(0, 2), RK(0, 3))
15190 RP(0, 0) = FNMG(RP(0, 1), RP(0, 2), RP(0, 3))
15200 REM

15210 FORK =1TO 3

15220 LX(K) = H * FNV(VP(0, K))

15230 SX(K) =
15240 FOR Q=0 TONQ
15250 UX(Q,K) =

15260 WX(Q, K= ™ FRAM(Y), R j--s-.-,-,_- RR(Q, 0), 0)
15270 NEXT Q
15280 FX(K) =
15290 GX(K) = H * Fi (0, K), RP(0, 0), AK(0, K))
15300 NEXTK

15310 RETURN

16000 STOP ¥
16010 REM # ARC/SUB #CONPUEES X |- AND COS(X)

ot gt L s

16020 IF ABS(SX) <=.707107 THENX EN, BS(SX))
16030 IF ABS(CX) <=#/07107 TH __ :
16040 IF CX >= 0 ANBIS)
16050 IF CX <0 AND ,,i >=0THEN X =180 * Ql#- X

16060 IF CX <0 AND SX € 6FHEN X = 180 *@A# +

PRI Rt 1T mﬁﬁﬁu’m N9

16080 RETURN
zooooﬂrma»an'smum'mmaa
20010 REM

20020 REM # celestial body #

20030 REM

30000 DATA "THULE","j2000.0",0.017202099

30010 DATA 0.0#

30020 DATA 12200.5
30030 DATA 2.0592292#,-3.4364384#,-1.6230714#



30040 DATA +0.4219005#,+0.2127084#,+0.0772689#

30050 REM

39000 REM # sun #

39010 REM _

39020 DATA 21820.5#,-0.8672422#,+0.4774827#,+0.2070265#
39030 REM

40000 REM # perturbers #

40010 REM
40020 'data 0,"( two body )",0
40030 DATA 2,"(js)",12200
40040 REM

45000 DATA"jupiter"

45020 DATA 0.450285
45030 DATA -0.0076136;

3

: 1 ;.?, ‘-:-i
46000 DATA"saturn" f;,_,,_’

46010 DATA 0.000285878# W iz - 2
46020 DATA -8.1446653+#,3.5712563p252566
46030 DATA -0.002444%4

il BACd ALL AL AL EARA i a A s

AU INENINGINS
ARIAIN TN TN
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1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150

1160 pi=

1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270

MARUIN 3

3 o o ' <
Iﬂiuﬂi'uﬂ]iﬂ'luﬂ]mﬂaﬂ?al.ﬁ‘VINIﬂ‘l]i"ﬂ']ﬂﬂ'ﬂlﬂﬂﬂllﬁ%ﬂ'ﬂuli?

CLS
PRINT "#classel#classical elements"

PRINT "#from pocition and velocity"

REM
DEFDBL a-z
DEFINT k
REM

DEF fnvs (x,y, z) =
DEF famg (x, y, z
DEF fndp (x1, y1

b

DEF fngsh (x) = LOG(x #SQRES
REM
REM

ql =.017453299%#8

3.1415926536 '-E

—"##### 4 sl

W&lﬂﬂﬂﬂiﬂﬁl’]ﬂ‘i
a«maﬂﬂimummmaﬂ

D n$, e$, k#
READ m
READ t0
READ r0(1), r0(2), r0(3)
READ vO0(1), v0(2), vO(3)
REM
LINE INPUT " "; a$
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1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590

CLS

PRINT "classical element"
PRINT "from"

PRINT "position and velocity"
PRINT n$

PRINT e$

PRINT "k"; TAB(7); : PRINT USING g8$;

PRINT "ec"; TAB(7); : PR
PRINT
PRINT "t(0)"; TAB(7Y*P
PRINT
PRINT "position and
PRINT

PRINT "r(k)"; T
PRINT USING g8$;
PRINT "v(k)"; TAB(
PRINT USING g$; vO(L); vQ@
REM
REM

REM

REM***reduction.i ecliptici required

E]‘LJEJ’J‘VIEJV]?WEJ’]ﬂ‘i
ammnmummmaa

=10(2) * COS(ec) + r0(3) * SIN(ec)
r(3) =r0(3) * COS(ec) - r0(2) * SIN(ec)
REM
v(1) =v0(1)
v(2) =v0(2) * COS(ec) + vO(3) * SIN(ec)
v(3) = v0(3) * COS(ec) - vO(2) * SIN(ec)
REM

119



1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910

REM***vector e(k),h(k),n(k)***
REM

r = famg(r(1), r(2), r(3))

v2 = fvs(v(1), v(2), v(3))

rv = fndp(r(1), (2), r(3), v(1), v(2), v(3))
REM
FORk=1TO 3

ek)=(wv2/m-1/r) *rk) -

REM

nn(1) = -h(2)
nn(2) = h(1)
nn(3) =0
REM
REM***eleme :,., cll
REM ‘2
au=2/r-v2/m'rlE

e = fnmg

sp:fnvsﬁﬁzfﬁmmwmni

—sp/(1+e)

@maﬂﬂmumaﬂmaa

RE ***element 1,00,w***
REM

h = famg(h(1), h(2), h(3))

1= fnacn(h(3)/h)/ql

REM

nn = famg(nn(1), nn(2), nn(3))

oo = fnacn(nn(1) / nn) / q1
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1920 IF nn(2) <0 THEN oo = 360 - 0o

1930 REM

1940 ne = fndp(nn(1), nn(2), nn(3), e(1), e(2), e(3))
1950 w = fnacn(ne/ (nn *e))/ql

1960 IF e(3) <0 THEN w =360 - w

1970 REM

2500 REM

2510 LINE INPUT"";a$
2520 CLS

2530 PRINT "classical elem
2540 PRINT
2550 PRINT ag$; TAB(7);
2560 PRINT "e"; TAB(7); ;
2570 'PRINT mt$; TAB
2580 PRINT "i"; TAB(7
2590 PRINT "oo"; TAB(7)j
2600 PRINT "w"; TAB(7);:

2610 PRINT
2620 REM L
2680 END y.,

20000 DATA 23.43929 "

o o BT 3R ii%w 9N

20030 DATA 2452200 S#

e ARAGNN AU INYA Y

20050 DlTA 0.0932830#,0.4296750#,0.1881310#
20060 REM
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