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General description  

The archive LEA-406.zip contains coefficients of the Poisson series representing a 

new analytical development of the modern long-term numerical ephemeris of the Moon 

LE-405/406 (Standish 1998).  The development is made by using a new modification of 

the spectral analysis method which gives expansion of a tabulated function directly to 

Poisson series (where both amplitudes and arguments of the series’ terms are high-

degree polynomials of time). 

The complete development, LEA-406a, includes 42270 Poisson series’ terms of 

minimal amplitude equivalent to 1 cm and is valid over 1500–2500. A simplified 

version of the development, LEA-406b, includes 7952 series’ terms of minimal 

amplitude equivalent to 1 m and is valid over 3000BC–3000AD. Over 1500-2500 the 

maximum difference between the lunar coordinates calculated by means of the complete 

analytical series LEA-406a and numerical ephemeris LE-406 is 3.2 m in geocentric 

distance, 0.''0056 in ecliptic longitude, and 0.''0018 in ecliptic latitude. Over 3000BC-

3000AD the maximum difference between the lunar coordinates calculated by means of 

the simplified analytical series LEA-406b and numerical ephemeris LE-406 is 0.20 km 

in geocentric distance, 0.''42 in ecliptic longitude, and 0.''33 in ecliptic latitude.  
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Expansion form of lunar coordinates   

As a set of variables describing the position of the Moon in space we chose spherical 

coordinates of its centre: r (geocentric distance), V (ecliptic longitude reckoned along 

the moving ecliptic from the mean equinox of date) and U (ecliptic latitude reckoned 

from the moving ecliptic).  

Transformation of lunar rectangular coordinates from the reference plane of DE-

405/406 (defined by the mean geoequator and equinox of epoch J2000) to the reference 

system defined by the moving ecliptic and mean equinox of date was done with use of 

the following precession quantities (Simon et al. 1994) 

6432 0127.00731.08238.416566.420207.20042 tttttA ′′−′′−′′−′′−′′=θ  (1) 

65432 0002.00285.00583.00183.182226.309097.23060 ttttttA ′′−′′−′′−′′+′′+′′=ζ  (2) 

65432 0001.00301.02821.02667.185270.1099097.23060 ttttttzA ′′−′′−′′−′′+′′+′′=  (3) 

5432 0025.00051.09989.10152.00927.468412.216223 tttttA ′′−′′−′′+′′−′′−′′′= oε  (4) 

where t is hereafter TDB measured in thousands of Julian years (365250 d) from J2000 

(JD2451545.0). The expressions (1)-(4) are based on the value for the general 

precession in longitude Ap  by Williams et al. (1991)   

65432 0002.00018.02353.00773.02022.111200.50288 ttttttpA ′′+′′−′′−′′+′′+′′= . (5) 

Geocentric spherical coordinates of the Moon r, V, U are expanded to Poisson series 

of the form  
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where  
432 5522.0665.690.5270470.3173256437231664563.218)( tttttV −′′+′′−′′+= o  (9) 

is the mean longitude of the Moon referred to the moving ecliptic and mean equinox of 

date (Simon et al. 1994).  

The argument of every series’ term is a time polynomial obtained as a linear 

combination of multipliers of the fourth-degree polynomial expressions for the mean 

longitude of the ascending node of the Moon Ω  (referred to the mean ecliptic and 

equinox of J2000), for Delaunay variables FllD  , , , ′  (mean elongation of the Moon from 

the Sun, mean anomaly of the Sun, mean anomaly of the Moon, and mean longitude of 

the Moon subtracted by Ω , respectively), and for mean longitudes of eight major 

planets referred to the mean ecliptic and equinox of J2000 (Simon et al. 1994):  

432 3586.0625.702.636631.6967919304455501.125 tttt −′′+′′+′′−=Ω o  (10) 

432 3169.0593.606.637090.2160296160185019547.297 ttttD −′′+′′−′′+= o  (11) 

432 1149.0136.032.55481.129596581052910918.357 ttttl −′′+′′−′′+=′ o  (12) 

432 4470.2635.5192.3187178.2171791592396340251.134 ttttl −′′+′′+′′+= o  (13) 

432 0417.0037.112.1275478.8173952726227209062.93 ttttF +′′−′′−′′+= o  (14) 

32 00639.092789.188982.538101628625090552.252 tttMe ′′+′′−′′+= oλ  (15) 

32 00627.059381.033548.210664136497980085.181 tttVe ′′−′′+′′+= oλ  (16) 

32 00523.004411.283429.129597742246645683.100 tttEa ′′−′′−′′+= oλ  (17) 

32 01043.094264.093988.68905077443299958.355 tttMa ′′−′′+′′+= oλ  (18) 

432 04667.005706.060378.3077991.10925660335151874.34 ttttJu +′′+′′−′′+= oλ  (19) 

432 11484.016618.061614.7555732.4399609807744430.50 ttttSa −′′−′′+′′+= oλ  (20) 

32 02156.075083.193933.1542481105500511.314 tttUr ′′+′′−′′+= oλ  (21) 

32 00895.021103.020744.786550334866548.304 tttNe ′′−′′+′′+= oλ  (22) 
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Data format 

Coefficients of Poisson series for every coordinate are given in the following files: 

Folder LEA-406a (complete solution): 

 file LEA-406a-R.txt contains coefficients for the coordinate r; 

 file LEA-406a-V.txt contains coefficients for the coordinate V;  

 file LEA-406a-U.txt contains coefficients for the coordinate U; 

Folder LEA-406b (simplified solution): 

 file LEA-406b-R.txt contains coefficients for the coordinate r; 

 file LEA-406b-V.txt contains coefficients for the coordinate V;  

 file LEA-406b-U.txt contains coefficients for the coordinate U. 

Every file has the following structure: 

Lines 1-8 give a short description of the data included to the file. 

Every subsequent line contains coefficients of one (let’s call it “the kth”) term in the 

relevant expansion [(6), (7) or (8)], namely: 

NN, l, l', F, D, Ω , Me, Ve, Ea, Ma, Ju, Sa, Ur, Ne, pA , 0kA , 1kA , 2kA , 0kϕ , 1kϕ , 2kϕ , 

where 

• NN is the sequential number of the term; 

• l, l', F, D, Ω , Me, Ve, Ea, Ma, Ju, Sa, Ur, Ne, pA  are multipliers at the relevant 

values [given by the complete expressions (10)-(22) and (5), incl. the free term]. 

The respective linear combination yields a fourth-degree time polynomial 

argument )(tkω ; 

• 0kA , 0kϕ  are the amplitude (in [km] for the coordinate r и in [arcsec] for the 

coordinates V и U) and phase (in [deg]) of the purely trigonometric part of the kth 

term;   

• 1kA , 1kϕ  are the amplitude (in [km/365250d] for the coordinate r and in   

[arcsec/365250d] for the coordinates V and U) and phase (in [deg]) of the 1st 

order Poisson part of the kth term;  
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• 2kA , 2kϕ  are the amplitude (in [km/(365250d)2] for the coordinate r and in   

[arcsec/(365250d)2] for the coordinates V and U) and phase (in [deg]) of the 2nd 

order Poisson part of the kth term; 

The format of such a line is: I6,2X,5I3,1X,8I3,1X,I3,F16.7,2F11.6,3F19.12. 

The total (over all three coordinates) number of non-zero trigonometric and Poisson 

terms is 42270 in the complete solution LEA-406a and 7952 in the simplified solution 

LEA-406b. 
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