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A B S T R A C T . A two-symmetric-rigid-rotators model of the Earth has been studied, 
under the hypothesis of elasto-viscous coupling. The free Eulerian equation of 
motion has been solved in the linear approximation related to small wobbling 
amplitudes. Under these hypotheses, polar motion is stable, and the angular 
velocity of the Earth is the sum of three vectors rotating with different frequencies 
and damped amplitudes. One of these terms turns out to be retrograde with a quasi-
diurnal frequency and could be identified with a similar term appearing in liquid 
core models of the Earth. The other two terms are identified with the Chandler 
wobble and the annual term according to observational data. The elastic coupling 
produces, in the time variation of L.O.D., a periodic term whose frequency is about 
one year. It could be hypothesized that the "decade fluctuation" could be partially 
attributed to the free oscillation of the Earth. 

1. THE MODEL 

The problem of polar motion has not been well modeled until now. We have studied 
an elasto-viscous model of the Earth under some simplifying hypotheses. Detailed 
calculations will appear elsewhere. Here we outline the main results. Two rigid 
symmetric rotators are considered, the outer for the crust-mantle and the inner 
for the core. We adopt two reference frames, with the same origin, ( x i , X 2 » ^ 3 ) f ° r 

the mantle and (a, 6, c) for the core. It is assumed also that the elastic coupling 
between the two rotators can be expressed as Τ = σ·α where σ is a positive constant 
and represents the angular deviation of the core from its equilibrium position with 
respect to the mantle. 

The viscous coupling is assumed to be proportional to the difference between 

the angular velocity of the core ω and the mantle Ω, via a second order tensor of 

inertia u . The Eulerian equations of motion for the mantle and the core give rise 

to four differential equations for Π, ü>, c, a. The total torque considered is the sum 
of the elastic torque, the viscous torque, and a residual torque, which include all 
the external interactions of the systems. 
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2. FREE M O T I O N SOLUTIONS 

To solve this set of differential equations, we adopt for Ω, ώ, c, a the hypothesis of 
small wobbling amplitudes, well supported by observations. 

The Free Motion Solution, that is, the equation with no external interactions, 
can be split into two new equations; one differential equation is referred to as the 
free equation of L.O.D. owing to the fact that its most representative term is the 
parameter mz related to Δ Ω / Ω σ where Ω 0 = 1 rev/day is the mean angular velocity 
of the Earth. 

The second equation is referred to as the Free Polar Motion Equation 
(FPME), owing to the fact that it contains the parameters m\ and mi of the 
angular velocity of the Earth in the equatorial plane (x\,x<i) that is the wobbling 
components. 

From the FPME one finds that the mi(t) and m 2 ( i ) , parameters of the 
wobbling components of Ω, are the sum of three rotating vectors, each in the 
equatorial plane (χι,χι), each with its frequency and each with damped amplitudes. 

The first two complex eigenvalues of the solution are identified respectively 
with the annual term and the Chandler term of the Earth rotation; the third 
eigenvalue is related to a term of period Td = —.999991 days and damped time 
Td = .4693713 years. That is to say the third term turns out to be a retrograde 
diurnal term. 

It is also possible to obtain an estimate of the nondimensional parameters 
related to the elastic and viscous coupling. The main term mz(t) of the F.E. 
of L.O.D. contains oscillating terms with frequency depending on the viscous 
parameter. Setting this parameter to zero, one obtains a frequency = 19.1910 
rad/day with a period of 327 days. 

3. S U M M A R Y 

The annual term is usually related to the interaction of the Earth with the 
atmospheric angular momentum. In this work it is assumed as a characteristic 
of the Free Motion. The quasi-diurnal retrograde term has been found for liquid 
core models. In this work it is derived from a solid core model. 

The annual term variation in the L.O.D. is an indication that the "decade 
fluctuations" in the L.O.D. can be partly attributed to the viscous coupling between 
the core and the mantle. 
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