
INFLUENCE OF EARTH'S ROTATION RATE AND DEFORMATIONSON PRECESSION-NUTATIONS. LAMBERTSYRTE - UMR8630/CNRS, Observatoire de Paris61 avenue de l'Observatoire, 75014 Paris, Francee-mail: sebastien.lambert@obspm.frABSTRACT. In this study, we investigate, �rst, the couplings between axial and equatorialcomponents appearing when developping the dynamical equations of the Earth rotation at thesecond order, and second, the e�ects of variations of the dynamical ellipticity, giving rise tochanges in the gravitational lunisolar torque and therefore in precession-nutation. We providethe computation of these e�ects for a re�ned Earth model with elastic mantle and decoupledliquid core.1. COUPLING BETWEEN EARTH'S ROTATION RATE AND ORIENTATIONThe equatorial motion of the instantaneous Earth rotation vector ! = 
(m1 + im2) in theterrestrial frame is given by the general Euler-Liouville equation which is developped to thesecond order : _m� iC � AA 
(1 +m3)m+ _c+ i
cA = �A
 (1)where c = c13+ic33 is the non-diagonal element of the deformation part of the inertia tensor and� is the equatorial tidal torque expressed in the terrestrial frame computed from the expression�0 in the celestial frame by the relation : � = �0e�i� (2)in which � is the sidereal rotation angle.Variations of Euler's angles are related to the instantaneous vector of rotation by the Euler'skinematical relations : _� + i _	 sin � = �
mei� (3)_� + _	 cos � = 
(1 +m3)Equations (1), (2) and (3) show two couplings between the axial and the equatorial compo-nents of the rotation vector of the Earth. One coupling comes from the product m�m3 in theleft hand side. Another coupling is in the torque � which is expressed in the terrestrial frameand is a�ected by the rotation of angle � which depends on quantity m3. Equation (1) can besolved analytically for a simpli�ed Earth model in order to check the e�ects of these couplings.It appears to be negligible, at the level of a few microarcseconds.211



2. VARIATIONS OF THE DYNAMICAL ELLIPTICITYThe tidal gravitationnal torque is derived from the sectorial part of the lunisolar potential� (Sasao et al. 1980) in the celestial reference frame :�0 = �0(1) + �0(2) = �i
2(C �A)�� i
2(�C � �A)� (4)where �0(1) is the �rst-order part of the torque, depending on the lunisolar potential � and onthe mean moments of inertia of the Earth, and �0(2) is the second-order part of the torque,including the zonal deformations of the Earth :Assuming that the trace of the inertia tensor is constant, let �(2A+ C) = 0, we have :�C � �A = 32�C (5)The second order torque leads to the main e�ect on nutation angles. We implemented itconsidering variations of the dynamical ellipticity as given in the IERS Conventions 2003. Infact, it provides variations for the LOD induced by zonal tides which can be easily convertedinto variations of axial moment of inertia :�CC = �LODLOD = �mz3 (6)where the subscript z indicates that these rotation rate variations come from zonal tides. LODis the duration of the mean solar day (86400 s).3. NUMERICAL RESULTSFor the calculation we use the lunisolar potential computed from the lunar theory ELP2000(Chapront-Touz�e & Chapront 1983) and the solar system semi- analytical solution VSOP87(Bretagnon & Francou 1988), and the use of the GREGOIRE software package developped byJ. Chapront (Paris Observatory) and allowing manipulation of large Poisson's series. We developthe Earth model in order to include a liquid core. The main periodical e�ect is found on the18.6- year nutation which amplitude should be changed by 208 �as in longitude and -10 �asin obliquity. The contribution to the precession rate in longitude is -5 mas per century. Moredetails can be found in Lambert & Capitaine (2004).4. REFERENCESBretagnon, P., Francou, G., 1988, Astron. Astrophys., 202, 309.Chapront-Touz�e, M., Chapront, J., 1983, Astron. Astrophys., 124, 50.IERS Conventions 2003, to be published, D. D. McCarthy G. Petit (eds.).Lambert, S., Capitaine, N., 2004, submitted to Astron. Astrophys..Mathews, P. M., Herring, T. A., Bu�ett, B. A., 2002, J. Geophys. Res., 107 B4, 10.1029.Sasao, T., Okubo, S., Saito, M., 1980, Proc. of IAU Symposium 78, E. P. Federov, M. L. Smith,P. L. Bender (eds.), D. Reidel, Hingham, Mass., 165.212


