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Table 1 The recursions implemented by four basic recursion formulae

Initial values Auxiliary
Application Direction . Singularity
One line Two lines recursion
Ordinary Hansen  Forward (R2) (R1) and (R3) (R4) (R1): m=0
coefficient Backward Lack (R1)
Eccentricity Forward (R1) and (R3) Lack (R1): m=0
function Backward (R1)
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Table 2 A simple example of recursion of Hansen coefficients Xk_("ﬂ)’m(e)

(k=1,e=0.1)

n —(n+1) m Wnuk’s method (R5) backward recursion (R6) forward recursion
5 -6 —5 0.220463393108 x 1071 0.220463393108 x 10~'°  0.220465230850x10*°
5 —6  —4 0.886030357479 x 107%  0.886030357479 x 10~°

5 —6  —3 0.709351254089 x 10~*  0.709351254089 x 10~*  0.709351254089 x 10~*
5 —6  —2 0.230562863411 x 1072  0.230562863411 x 10~ 2

5 —6  —1 0.379033046485 x 10~"  0.379033046485 x 10~'  0.379033046485 x 107!
5 —6 0  0.315059918333 x 10° 0.315059918333 x 10°

5 -6 1 0.106724073232 x 10 0.106724073232 x 10* 0.106724073232 x 10*
5 —6 2 0.105280679952 x 10° 0.105280679952 x 10°

5 —6 3 0.393010452060 x 1072 0.393010452060 x 10°2  0.393010452061x 102
5 —6 4 0.438917338407 x 107*  0.438917338407 x 10~*

5 -6 5 0.262254655670 x 107%  0.262254655670 x 10°°  0.26225465550x10~°
4 -5 —4  0.263814353966 x 107%  0.263814353966 x 10~%  0.263814357998x10™8
4 =5 =3 0.174907485179 x 10~*  0.174907485179 x 10™*

4 =5 =2 0.105469787460 x 1072  0.105469787460 x 1072  0.105469787460 x 102
4 =5  —1 0.245399987149 x 10~  0.245399987149 x 10~*

4 =5 0 0.258630759867 x 10° 0.258630759867 x 10° 0.258630759867 x 10°
4 =5 1 0.104103118694 x 10 0.104103118694 x 10*

4 =5 2 0.521120013220 x 10~ 0.521120013220 x 10~  0.521120013220 x 10~*
4 =5 3 0.128624966754 x 1072 0.128624966754 x 1072

4 =5 4 —0.209251647771 x 10™* —0.209251647771 x 10™* —0.209251647777x1074
3 —4 =3 0263043347113 x 107%  0.263043347113 x 107°  0.263043347113 x 10~°
3 —4 -2 0.341066515102 x 10~%  0.341066515102 x 103

3 —4  —1 0.140614245716 x 10~ 0.140614245716 x 10~  0.140614245716 x 10~*
3 —4 0 0.204322416608 x 10° 0.204322416608 x 10°

3 —4 1 0.102037928865 x 10 0.102037928865 x 10* 0.102037928865 x 10*
3 —4 2 0.509311808276 x 10™%  0.509311808276 x 103

3 —4 3 0.125210136568 x 1072 0.125210136568 x 1072 0.125210136568 x 10>
2 =3 —2 0.209775890238 x 10~  0.209775890238 x 10~*  0.209775890238 x 10~*
2 =3  —1 0.633435513970 x 1072  0.633435513970 x 1072

2 -3 0  0.151708126135 x 10° 0.151708126135 x 10° 0.151708126135 x 10°
2 -3 1 0.100508697100 x 10* 0.100508697100 x 10*

2 -3 2 —0.499376309904 x 10™' —0.499376309904 x 10! —0.499376309904 x 10~"

Note: The underlined data in the fifth and sixth columns of the table are the initial values of recursive
calculations; and the numbers in italics marked in red in the sixth column are the ones with errors

by comparing the calculation results of (R6) forward recursion and Wnuk’s method.
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Two New Recursion Formulae of Hansen Coeflicients
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Xk—(n—i-l),m

ABstracT Two new recursion formulae of Hansen coefficents are deduced:
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(m —1)(n+m+ 1)(n+m)e2 X, "2 —,

where n, m and k are three indexes of Hansen coefficients X, ("+1)’m, and e is the orbital
eccentricity. Recursion formula (R5) can be used to perform the backward recursion of
ordinary Hansen coefficents with one line of initial values, and it is simple. Recursion
formula (R6) can be used to perform the forward recursion of eccentricity functions
with two lines of initial values, and it is obviously simpler than Vakhidov’s recursion
formula. Numerical example shows that these two new recursion formulae of Hansen
coefficents are effective.

Key words celestial mechanics, perturbation theory: perturbation function and its
expansion method, methods: numerical
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