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1. Introduction 

A planetary theory of the planets Jupiter, Saturn, Uranus and Neptune is 
presented here. It is a classical planetary theory where the perturbations 
are computed in the form of Poisson series of only one angular variable. 
It is built with modern values of the planetary masses and fitted to the 
numerical integration DE245 of the Jet Propulsion Laboratory (Standish, 
1994). Its validity time span is of several thousand of years. 

2. Form of the solution 

2.1. NOTATIONS 

The classical elliptic variables are used: α, λ, e, VJ, η = sin | , Ω, k = e cos π, 
h = e sin tu, q = η cos Ω, ρ = η sin Ω. The mean mean longitude λ is given 
by: λ = X° + Nt where λ° is the integration constant for the mean longitude 
λ, Ν is the mean mean motion and t is the time. The planets Jupiter, 
Saturn, Uranus and Neptune are numbered from 5 to 8. 

2.2. THE REPRESENTATION 

In a classical planetary theory the variables χ are developed under the form 

of Poisson series: 

χ = x0 + xit + ... + Xjtj + S0 + tS! + ... + tjSj (1) 

where: XQ is the integration constant for x, t is the time, xq are numerical 
coefficients, Sq are Fourier series in the mean mean longitudes. 
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Here, the solutions are also Poisson series of the form (1) , but Sq are 
Fourier series in only one argument μ: 

Sq = ^ { A r cos τμ + Br sin τμ} (2) 
r 

with: μ = (N& - Ne)t/880 = 0.3595/, where t is measured in thousands of 
years from J2000. The period of μ is 17485 years. 

μ is related to the mean mean longitudes Ä t by: λζ· = qiμ + erf, where 
qi are integers and where Si are small quantities compared with N{. 

This representation was choosen because perturbations are more con-
vergent under this form than under the classical form of Poisson series of 
the mean mean longitudes, for Jupiter and Saturn (Simon et al, 1992). For 
the other planets the convergence of perturbations is the same than under 
the classical form. 

3. Construction of the solution 

3.1. THE METHOD 

The solution is computed by the iterative method of (Simon and Joutel, 
dx 

1988). The equations are Lagrange equations under the form: — = Ρ(μ,ί) 

F^,U) are computed, by harmonical analysis, for 11 values of the time 
to, ( J 2 0 0 0 ) , i i , . . . ,£ιο· After interpolation and integration the solution has 
the form (1) with j = 10. For each iteration, the truncation error is 0".0001 
over - 1 0 0 0 , + 1 0 0 0 (0=J2000) or 0".01 over -6000 ,+6000 . 

3.2. PERTURBATIONS BY THE INNER PLANETS 

Perturbations by the inner planets developed up to the third order of the 
masses are issued from VSOP82 (Bretagnon, 1982). They are transformed 
in series in μ and added to the solution. Then, they are introduced in the 
iterations. So, are computed the perturbations by the inner planets to the 
order 4 of the masses and a part of the perturbations of superior orders. 

3.3. DETERMINATION OF THE INTEGRATION CONSTANTS 

This theory is built using the IERS Standards 1992 masses of the outer 
planets (McCarthy, 1992) and it is fitted to DE245. Note that the masses 
of the outer planets used in DE245 are the masses of IERS 1992, except a 
very small difference for the mass of Saturn. 
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4. Results 

4.1. DIFFERENCES WITH DE245 

Table 1 gives the differences, after fit, between our theory and DE245 for 

the heliocentric variables, longitude, latitude and radius vector, over 1891— 

2000. These differences are small: some 0".0001 for the longitudes and the 

latitudes and some 10~ 8 au for the radius vector. Note that a large part of 

these differences is probably due to the truncation error. So, a few iterations 

with a truncation error of 0".00001 over -1000 , +1000 are intended. 

T A B L E 1. Differences between our theory and DE245 
for the heliocentric coordinates, over 1891-2000. 

Longitude Latitude Radius Vector 

(0".001) (0 , / .001) (10" 8 au) 

Jupiter 5 2 7 

Saturn 8 3 19 

Uranus 8 5 50 

Neptune 4 2 59 

4.2. PRECISION OF THE THEORY 

The precision of our theory is computed by comparison to internal numeri-

cal integration of the eight major planets run over J2000-6000, J2000+6000. 

Figure 1 shows the differences between the theory and the numerical inte-

gration for the mean longitudes. For Jupiter, Uranus and Neptune the differ-

ences are smaller than 0".01 over -1000 , +1000 and smaller than 0".8 over 

- 6 0 0 0 , + 6 0 0 0 . For Saturn, the precision is about 0".02 over - 1 0 0 0 , + 1 0 0 0 

and about 2" over —6000, +6000. For the other elliptic variables, the differ-

ences theory-numerical integration are of some 0".001 over —1000,+1000 

and smaller than 0".5 over -6000 , +6000. 

The gain in precision, in connection with the best theories actually avail-

able, as VSOP87 (Bretagnon and Francou, 1987) and JASON84 (Simon and 

Bretagnon, 1984), is about 10. 

5. Conclusion 

We are going to obtain a semi-analytic theory of the outer planets built 

with modern values of the planetary masses, fitted to DE245 and showing 

real progress compared to the theories actually available. 

Besides, due to the best convergence of the mutual perturbations Jupiter-

Saturn, compact solutions, useful for historians, could be extracted from 

our theory. 
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Figure 1. Mean longitudes of the outer planets. Comparison between our theory and an 
internal numerical integration of the eight major planète over —6000, +6000 . 0 is J2000. 
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