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A dynamic explanation and an analytical description of observable decade variations of amplitude, period and phase of 
Chandler perturbed motion of the Earth pole (Ach, Tch and Fch) is given. It has been shown, that observable Chandler 
motion of the pole has the forced character (Barkin, 2000). The basic role in excitation of pole motion and in 
maintenance of the basic oscillation with the periods about 430 days play variations of products of inertia of the Earth 
with the periods close to unperturbed Chandler pole motion. According to developed geodynamic model (Barkin, 2002) 
the forced oscillations of system of outer core and elastic mantle (and, accordingly, the displacements of the centre of 
mass of the Earth) under gravitational attraction of the Moon and the Sun are characterized by known frequencies of 
orbital motions of system the Earth - the Moon - the Sun (or by some combinations of these frequencies). The same 
frequencies characterize variations of the tension of the mantle layers, cyclic redistributions of masses of atmosphere, 
oceanic masses, subsoil waters and other fluids. These processes determine corresponding variations of the moments of 
inertia and geopotential coefficients which obtain dynamic reflection in axial rotation of the Earth and in its pole 
motion. The specified positions have obtained a set of confirmations according to astronomical, geodetic and 
geophysical observations. In the given work it is shown, that perturbations of the Earth system on the part of the Moon 
and the Sun with frequencies from a vicinity of Chandler unperturbed frequency and its double value lead to decade 
perturbations of parameters Ach, Tch and Fch. The analytical description is given to the specified perturbations on the 
basis of the special form of the equations of rotary motion in Andoyer variables for weakly deformable bodies (Barkin, 
2000). Let's result the periods of orbital perturbations of the Moon to which there correspond translational oscillations 
of the core and elastic mantle (the last determine decade changes of amplitude and phase of perturbed pole motion): 
411.8 d [40.7 yr], 409.2 [33.06 yr], 205.9 d [20.3 yr], 388.3 d [ 12.78 yr], 386.0 d [11.92 yr], 199.8 d [9.67 yr], 365.3 d [7.27 
yr], 346.6 d [5.22 yr], 329.8 d [4.08 yr], 182.6 d [3.63 yr], 177.8 d [3.04 yr], 173.3 d [2.61 yr]. In square brackets 
theoretical values of the decade and interannual periods of perturbations in amplitude and a phase are given. Close 
values of the periods of perturbations in envelopes of pole coordinates are revealed on the basis of the data of 
observations (Kolaczek, Kosek, 1998; Nastula et al., 1993; Lapaeva, 2000; Vondrak, 1999 etc.). The predicted 
variations in position of a geocenter with the mentioned above periods (in days) have obtained confirmation as a result 
of the spectral analysis of coordinates of a geocenter, and also in variations of coordinates of the Earth pole. In 
particular the perturbations with periods (in days) were revealed: 217.11.1, 196.1 1.1, 367.60.8, 344.22.0, 317.02.2, 
183.60.6, 175.22.0, 173.50.4 and others (Kaftan et al., 2003; Gayazov, 2003). On the basis of analytical formulas for 
amplitudes of variables: Ach, Tch and Fch on the data on observable decade variations of amplitude and phase 
Chandler amplitudes and phases of the appropriate variations of products of inertia of the Earth and factors of 
geopotential C21, S21 have been determined. Amplitudes have values about 0.2-0.5x10 (-10), that proves to be true the 
data of satellite laser observations (Gayazov, 2003). 
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Unity of spectrums of frequencies of oscillations of 
coordinates of geocenter x, y and z (Gajazov, 2003; ILRS data)

Periods in days

1.05 yr
1.17 yr

1.3 yr

1.5 yr 1.75 yr

2.11 yr

0.96 yrx

z

y

Table. Periods of perturbations in lunar orbital motion, in geocenter position and 
in Chandler amplitude of pole motion. Unperturbed period 435.55 days. 
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Theory 
(in yr.) 

Periods of variations of Chandler 
amplitude (in years) 

Periods of variations  
in geocenter position 
(in days) 

 1     0 0 -1 0 1 411.8    (1.1275) 40.70 41.0; 40.5 (K), 40 (N), 40 (L)  
 0     1 0 0 2 1 409.2    (1.1203) 33.06 31.0 (V),  30 (N),  30.8; 30.4 (K)  
 2     0 0 -2 0 2 205.9    (0.5637) 20.30 19.5; 18.7 (K),  20 (N), 20.2 (V),  22.2 (G-M) 217.1  1.1 
-1    0 0 1 1 -1 388.3    (1.0631) 12.78 13.5 (V)  
 0    1 0 0 1 1 386.0    (1.0568) 11.92 12.0 (N), 11.8 (G-M), 11(N)  
-2    0 0 2 1 -2 199.8    (0.5470)   9.67 10.1 (K), 10.2 (KK), 10.4 (G-M) 196.1   1.1 
 0    1 0 0 0 1 365.3    (1.00)   7.27 7.9 (KK),  367.6  0.8 
 0   -1 0 0 1 -1 346.6    (0.9489)   5.22 5.85 (V), 6.0 (G-M), 6.0 (Sid) 344.2  2.0 
 0   1 -2 2 0 -1 329.8    (0.9029)   4.08  317.0  2.2 
 0     2 0 0 0 2 182.6    (0.4999)   3.63 3.6 (KK), 3.6 (Sid) 183.6  0.6 
 0   0 2 -2 1 2 177.8    (0.4868)   3.04 3.3 (KK) 175.2  2.0 
 0    0 2 -2 0 2 173.3    (0.4745)   2.61 2.8; 2.4 (Sid) 173.5  0.4 

 

Unity of spectrumes of variations of geopotential coefficients
(Gajazov, 2003) Variations of period and amplitude of 

Chandler motion in 1900-2000
LIOUVILLE EQUATIONS (Liouville, 1858; Tisserand, 1891)

       2 2
ξ

d Ap - Fq - Er + P + D r -q + C- B qr + Fr - Eq p +qR - rQ = L
dt

,                     

       2 2
η

d -Fp + Bq - Dr + Q + E p - r + A - C rp + Dp - Fr q + rP -pR = L
dt

,         

       2 2
ζ

d -Ep - Dq + Cr + R + F q -p + B - A pq + Eq - Dp r + pQ -qP = L
dt

. 

 
 

Components of tensor of inertia and components 
of relative  angular moment of body particles 

 

 A t ,  B t ,  C t ;   F t ,  E t ,  D t ;   P t ,  Q t ,  R t .          

Non-canonical Equations of  Rotational Motion of a  
Deformable Body in Andoyer Variables

 

             
3G

dG = L
dt

, 

              
2G

dρ 1= - L
dt G

, 

              
1G

dh 1= secρL
dt G

,                

    
  

dθ 1= Gsinθ a -b sin2l - fcos2l + Gcosθ dsinl - ecosl +
dt 2

 

                        2 1G G
1+βsinl - αcosl + L cosg - L sing
G

, 

                   2 2dl = Gcosθ c -asin l - bcos l + fsin2l + Gsecθ esinl + dcosl cos2θ -
dt

     

                    1 2G G
1-γ + cotθ αsinl + βcosl + cosecθ L cosg + L sing
G

, 

     2 2dg = G asin l + bcos l - fsin2l - Gcotθ esinl + dcosl -
dt

 

              1 1 2G G G
1 1-secθ αsinl + βcosl - cotρL - cotθ L cosg + L sing
G G

. 

 


