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Table 1 Coefficients of Gaussian integrators

Tl Ot Ot Ot Ot R R R R W W W N N3

T W N B W N~ WN R~ N -

RO o ne
0.577350269189626 1.577350269189626 1
-0.577350269189626 0.4226497308103742 1
0 1 8/9
0.774596669241483 1.774596669241483 5/9
-0.774596669241483 0.2254033307585166 5/9

0.861136311594053
-0.861136311594053
0.339981043584856
-0.339981043584856
0
0.906179845938664
-0.906179845938664
0.538469310105683
-0.538469310105683

1.861136311594053
0.1388636884059474
1.339981043584856
0.6600189564151437
1
1.906179845938664
0.09382015406133593
1.538469310105683
0.4615306898943169

0.3478548451374540
0.3478548451374540
0.6521451548625463
0.6521451548625463
128,225
0.2369268850561878
0.2369268850561878
0.4786286704993662
0.4786286704993662
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Table 2 Comparison of calculated results of inclination function

with different methods

l Gooding’s The paper’s Difference Original formulation
15 0.163727788669698 0.163727788669698 0.000000000000001 0.1637277887
17 0.487417791777481 0.487417791777480 0.000000000000000 0.4874177918
19 0.039444885080361 0.039444885080361 0.000000000000000 0.0394448851
21 -0.334234993689438 -0.334234993689439 0.000000000000000 -0.3342349937
23 0.238101170358486 0.238101170358485 0.000000000000001 0.2381011704
25 0.035197122324998 0.035197122324998 0.000000000000000 0.0351971223
27 -0.238961053270882 -0.238961053270883 0.000000000000000 -0.2389610533
29 0.250820102027528 0.250820102027528 0.000000000000000 0.2508201020
31 -0.098284229213865 -0.098284229213866 0.000000000000001 -0.0982842292
33 -0.099812590952652 -0.099812590952652 0.000000000000000 -0.0998125912
35 0.220401483107786 0.220401483107785 0.000000000000000 0.2204014781
37 -0.203459255803049 -0.203459255803050 0.000000000000001 -0.2034592797
39 0.072853902584608 0.072853902584608 0.000000000000000 0.0728540686
41 0.089117362850045 0.089117362850044 0.000000000000001 0.0891178996
43 -0.192487848426302 -0.192487848426302 0.000000000000000 -0.1924876311
45 0.186917527873700 0.186917527873700 0.000000000000000 0.1869099842
47 -0.083106948025162 -0.083106948025162 0.000000000000000 -0.0831112377
49 -0.058636531371390 -0.058636531371390 0.000000000000000 -0.0589966579

51

0.163214940273027

0.163214940273027

0.000000000000001

0.1624378367
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Table 2 (continued)

l Gooding’s The paper’s Difference Original formulation
53 -0.179533365185972 -0.179533365185973 0.000000000000001 -0.1817484772

55 0.104101730627469 0.104101730627469 0.000000000000000 0.0930503545

57 0.020582796611666 0.020582796611665 0.000000000000001 -0.0645316645

59 -0.129982540091162 -0.129982540091161 -0.000000000000001 -0.1399403611

61 0.170531791536338 0.170531791536337 0.000000000000001 -0.9145552167

63 -0.125189906580770 -0.125189906580770 0.000000000000000 -4.5011061275

65 0.019772145452192 0.019772145452193 -0.000000000000001 -9.8822915551

67 0.091764653339848 0.091764653339848 0.000000000000000 -65.3101154737

® 3 HARKITHEEREMR

Table 3 Comparison of calculated results of inclination function

with different methods

Gooding’s

The paper’s

Difference

Kostelecky

15
17
19
21
23
25
27
29
31
33
35

59
61
63
65
67
69
71
73

109
111
113
115
117
119

171
173
175

0.000006495963948
0.000103011627958
0.000697212946079
0.003095855769518
0.010362283211892
0.027982715562962
0.063368623022614
0.123165875914705
0.208228139242237
0.307934792933924
0.397399393922436

0.242896738083475
0.083439810887535
-0.114258980696525
-0.243634951510728
-0.234916254335388
-0.095167486129861
0.094299649996282
0.223783197359335

-0.039188873349748
-0.164084175158719
-0.178975254642246
-0.075767107928238
0.075634719665441
0.174336031849824

-0.149468016969461
-0.113255563109117
0.000590395612723

0.000006495963948
0.000103011627958
0.000697212946079
0.003095855769517
0.010362283211892
0.027982715562961
0.063368623022613
0.123165875914704
0.208228139242237
0.307934792933923
0.397399393922434

0.242896738083474
0.083439810887536
-0.114258980696525
-0.243634951510727
-0.234916254335387
-0.095167486129861
0.094299649996281
0.223783197359335

-0.039188873349748
-0.164084175158719
-0.178975254642245
-0.075767107928236
0.075634719665440
0.174336031849824

-0.149468016969461
-0.113255563109115
0.000590395612724

0.000000000000000
0.000000000000000
0.000000000000000
0.000000000000001
0.000000000000001
0.000000000000001
0.000000000000001
0.000000000000000
0.000000000000000
0.000000000000001
0.000000000000001

0.000000000000001
-0.000000000000001
0.000000000000000
-0.000000000000001
-0.000000000000001
0.000000000000000
0.000000000000001
-0.000000000000001

0.000000000000000
0.000000000000000
-0.000000000000002
-0.000000000000002
0.000000000000000
0.000000000000000

0.000000000000001
-0.000000000000002
0.000000000000000

0.000006496
0.000103012
0.000697213
0.003095856
0.010362283
0.027982716
0.063368623
0.123165876
0.208228139
0.307934793
0.397399394

0.242896738
0.083493811
-0.114258981
-0.243634952
-0.234916254
-0.095167486
0.094299650
0.223783197

-0.039188873
-0.164084175
-0.178975255
-0.075767108
0.075634720
0.174336032

-0.149468017
-0.113255563
0.000590396
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Table 4 Comparison of calculated results of firstorder derivatives of inclination

function with different methods

l Gooding’s The paper’s Difference
15 0.000193588834461 0.000193588834461 0.000000000000000
17 0.002962643282053 0.002962643282054 -0.000000000000001
19 0.019210738800719 0.019210738800720 -0.000000000000001
21 0.080996204022307 0.080996204022303 0.000000000000004
23 0.254529309868877 0.254529309868872 0.000000000000005
25 0.635791817300206 0.635791817300204 0.000000000000002
27 1.304718954007593 1.304718954007594 -0.000000000000002
29 2.229338572015512 2.229338572015515 -0.000000000000003
31 3.154511340102659 3.154511340102648 0.000000000000011
33 3.561310705132132 3.561310705132130 0.000000000000001
35 2.797301141098675 2.797301141098648 0.000000000000027
59 -7.135563481217891 -7.135563481217909 0.000000000000019
61 -13.533758345144610 -13.533758345144580 -0.000000000000032
63 -12.842455780020720 -12.842455780020680 -0.000000000000041
65 -4.896633828451622 -4.896633828451554 -0.000000000000068
67 6.247154772263426 6.247154772263390 0.000000000000036
69 14.285109814165770 14.285109814165700 0.000000000000073
71 14.262965486747120 14.262965486747080 0.000000000000044
73 5.729761501008049 5.729761501008043 0.000000000000006
109 -19.534576265607050 -19.534576265607070 0.000000000000014
111 -9.973302918500933 -9.973302918500870 -0.000000000000062
113 6.465575798302253 6.465575798302296 -0.000000000000043
115 18.903633919489430 18.903633919489100 0.000000000000334
117 18.874890323982490 18.874890323982200 0.000000000000291
119 6.119038949987942 6.119038949987788 0.000000000000155
171 -3.447813907690885 -3.447813907690867 -0.000000000000019
173 16.897485750371600 16.897485750371400 0.000000000000210

175

25.708239113919340

25.708239113919130

0.000000000000206
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BARBLL Gooding J7ik i, 3£ 5 4 T 5 Gooding ik K EEZWEUE, BEKT
1071 MR, BAVBRZ HHEETEL. HRFW: EETERKME B T = 90° i,
M2 HABIAREF] 2%, 5 Gooding JikHR K HZMBE M IAE 1 =0° Bhir. {(HE, XEEMZ
BT AR, FMAT LA . AR @ Rt ik, RS A AR A,

BAHITHAA.
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Table 5 Comparison between our calculated results with Gooding’s results

for several inclinations

I ! Number of terms Maximum difference | T ! Number of terms Maximum difference
50 20 0.54178x10~13 0 50 0.59501x 10~ 14
60 18 -0.73718x 10713 0 60 0.71054x 10~ 14
70 28 -0.70832x10~13 0 70 -0.59396x 10~ 14
80 38 0.10658x 10~ 14 1 80 -0.10436x10~13
90 45 -0.19295x 10~ 14 2 90 -0.12189x 1013
100 47 0.12989x 10~ 14 1 100 -0.10214x10-13
0° 110 57 0.12434x10~14 30° 110 3 -0.12434x10-13
120 65 0.20317x10~14 120 5 -0.11546x10~13
130 93 -0.15387x 10~ 14 130 19 0.15353x10~13
140 112 -0.21316x10~14 140 12 0.14654x10~13
150 117 -0.24447x10~14 150 14 0.14144x10~13
160 146 0.21715x10~14 160 56 0.14876x10~13
170 196 0.31863x10~14 170 107 0.18762x10~13
180 241 -0.25379x10~14 180 146 -0.20844x10~13
50 0 -0.56066x 10~ 14 50 0 -0.55511x10~14
60 0 -0.48849x 10~ 14 60 0 -0.67723x10~14
70 0 -0.62172x10~ 14 70 0 -0.72997x 10~ 14
80 0 0.61111x10~14 80 1 0.10075x10~13
90 0 0.69666x 10~ 14 90 17 0.12656x10~13
100 1 0.10075x10~13 100 39 0.13211x10713
60° 110 0 -0.89789x10~ ™ |90° 110 65 -0.16292x10~13
120 1 -0.10395x10~ 13 120 107 0.16292x10~13
130 12 -0.14835x10~13 130 171 0.27838x10~13
140 3 -0.12878x10~13 140 177 -0.20650x 1013
150 4 -0.11136x10~13 150 246 -0.21302x10~13
160 10 0.13100x10~13 160 361 -0.25868x 1013
170 24 -0.14706x10~13 170 454 0.30753x10~13
180 55 0.15676x10~13 180 559 -0.35915x10~13
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Table 5

(continued)

Number of terms Maximum difference

I | Number of terms Maximum difference

50
60
70
80
90
100
120° 110
120
130
140
150
160
170
180

0 oD Rk NO O oo oo

Ut W
[ N

0.49960x10~14
0.73274x10~14
0.52458x 10~ 14
0.86597x 1014
0.87152x 10~ 14
0.91038x 10~ 14
0.15321x10~13
0.11518x10~13
0.13544x10~13
0.13544x10~13
0.11587x10~13
0.15099x10~13
0.18263x10~13
0.17763x10~13
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(1) A& T — i B T+ R0 A bR B S O ik
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(3) 17712 Wy R e PSP 06 4 31 L 2 A 0

B0 A B B0 @ AR SRE, WA B AT SRR THEI RS, (HUYFTE Lnax <
50 Bt SERR R, TS —HUH A R T FLALET RN T 1 s, Afar s 2 AU O e B A
B FE, URETHREE, WMREMNEE, ARFYEHE L.

M T AT, @RI R.D BORHE | B s it Hd, 1=120°# R.D
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FREW, BB Gooding JikZE.
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A Definite Integration Method of Calculating
Inclination Function and its Derivative

WU Lian-da' WANG Hong-bo'+?
(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)
(2 Key Laboratory of Space Object and Debris Observation, Chinese Academy of Sciences,
Nanging 210008)

ABsTRACT The paper gives a definite integration method of calculating inclination func-
tion and its derivative. The expression is simple, but its accuracy is very well. It is about
10715 and 10~'3 for inclination function and its derivative, respectively. This level is com-
parable to the accuracy of Gooding’s method. Through a lot of numerical simulations, it
is proved that the method has good stability and wide-scope application of inclination. It
takes very little time to calculate low-order function (less than 50), so the method can be
directly used in calculating terrestrial and sun-moon gravitational perturbation.

Key words celestial mechanics, methods: numerical



