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I. INTRODUCTION 

At the Seventeenth IAU General Assembly in Montreal, Canada, in 
1979, the resolution was passed adopting the 1979 Nutation Series, which 
was based on : - the development of the rigid theory by Kinoshita (1977); 
- the modifications to this theory allowing for the effects of a fluid 
core and an elastic shell (Molodensky, 1961). The purpose of this action 
has been nothing but the adoption of a working Standard on Nutation. The 
details that follow are well known (Seidelmann, 1980). After a discussion 
at IAU Colloquium N°56 in Warsaw, Poland, in 1980, the Working Group on 
Nutation decided to recommend a change to the 1980 IAU Nutation Series, 
which is based on the theory developed by Wahr (1980). The differences 
between the above mentioned Series are within the limits of +0V002 and 
are not detectable with the present observational accuracy. As an 
example, we summarized in Table 1 the observed amplitudes of circular 
nutation component (2L(.-a) which were determined from astronomical obser­
vations with best accuracy. The effect of Oj-tide on this component is 
taken into account by using the theoretical tide with A=l+k-l=1.2. The 
theoretical amplitudes of this component were reduced to the mean epochs 
of observations. 

Thus, both of the nutation series satisfy the requirements for 
astronomical observations. However, new techniques, such as laser 
ranging and VLBI, promise to achieve an accuracy more than ±0.002 in 
the near future. Therefore, the adopted working standard has to describe 
the actual nutation motion as accurate as possible. 
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TABLE 1f Observed and theoretical amplitudes of the nutational 
component (2L.-a) 

Author 

Orlov (1961) 
McCarthy (1976) 
O'Hora and Griffin (1980) 

Gubanov and Yagudin (1979) 

Taradij et al (1980) 
Manabe et al (1980) 

Mean value 
IAU (rigid Earth) 
IAU 1979 
IAU 1980 

Observational data 

Pulkovo, 1915-1928 
Washington, 1930-1976 
Herstmonceux, 1958-1976 

U.S.S.R., Time Service, 
1955-1974 
I.L.S., 1899-1966 
I.L.S., 1899-1977 

Amplitude 

0VO940 
0.0945 
0.0928 (lat.) 
0.0919 (time) 
0.0909 

0.0961 
0.0936 

0.0934 
0.0847 
0.0935 
0.0940 

II. ON THE CAUSES OF INACCURACY OF NUTATIONAL SERIES 

The possible sources of inaccuracy of the modern nutation series, 
in particular the 1980 IAU Nutation Series, are : 

(a) internal inconsistency of the theory; 
(b) inaccuracy of the IAU System of Astronomical Constants 

(1976); 
(c) deficiency of the Earth's model; 
(d) dynamical effects of the oceans; 
(e) effect of core-mantle dissipative coupling; 
(f) other non-modelling effects. 

We have tried to estimate the contribution of the effects to inaccu­
racy of nutation series. As an estimator, we used the average value 
(<S>) of mean-root-square errors of amplitudes of nutation components 
with frequencies +1/13.7, ±1/183 and ±1/6798*. 

From the available observational data collected by one of the 
authors (Yatskiv, 1980), we have found that <S>o b s = ±0V0014. One can 
consider <S>theor. ^iOVOOl as an a priori estimate of <S> which will 
meet the modern requirements for coordinate systems for the Earth's dyna­
mics . 

II.1 The effects of internal inconsistency of the theory and of 
inaccuracy of adopted astronomical constants. 

The computation of nutation for the total angular momentum of the 
Earth (HE) by Wahr (1980) offers the means of testing for internal 
consistency of the theory. From the Hg results shown in Table 3 of 
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Wahr's paper (1980), one can find <S>a^0V0001. In spite of the 
additional theoretical assumptions, the effect of internal consistency 
of Molodensky's theory (1961) is of the same order. 

The present accuracies of the ratio (y) of the masses of the Moon 
and the Earth and of the luni-solar precession (f2000^ a r e sufficient 
to determine nutation coefficients for a rigid Earth within ±0V0001 
(Duncombe et al, 1976). 

11.2 The effect of deficiency of adopted structural models. 

Comparing the results by Molodensky (1961), Shen and Mansinha (1976) 
and Wahr (1980), we have found the effects of deficiency of Model 2 by 

Molodensky <S>*f = ±0'.'0011 and those of Model 1066A by Gilbert and 

Dziewonsky (1975) <S>^D= ±0V0001. 

11.3 The dynamical effect of the oceans. 

This effect has been studied by one of the authors (Molodensky, 
1981). The systematic effect of the ocean tide on nutation can be 
written in the form : 

6e(9) 
k a(9) (1) 

where Re6e(9) and Im6e(9) are the corrections to the amplitude and the 
phase of nutation component with the frequency 9; e is the amplitude 
of nutation of the rigid Earth; k is the complex Love number; a(6) are 
dimensionless coefficients, which depend on the adopted Earth's model. 

For the Model 508 by Gilbert and Dziewonsky (1975), the value of 
a(9) are given in the first line of Table 2. 

TABLE 2. Values of coefficients a(9) for Gilbert and Dziewonsky 
Mod 

Coefficient 

a(6)xl03 

-6E(9)X103 

el 508. 

-1/13.7 

200 
O'.'O 

-1/183 

140 
O'.'l 

Frequency 
-1/365 -1/6800 

310 -5.9 
0'.'2 -079 

1/6800 

5.1 
O'.'l 

1/365 

40 
O'.'O 

1/183 

47 
0'.'5 

1/13.7 

-4.1 
OVO 

The accurate value of k has only been determined for the equilibrium 
tide (Dahlen, 1976) 

Re k L n = 0.05 
I u— U 

Im^9=0 = ° (2) 
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However, for our purpose, it is necessary to take into account the 
non-equilibrium behavior of the oceans. 

Using the chart by Bogdanov and Magarik (1969), Pertzev (1980) has 
found the following results for the Kj-tide : 

Re k ^ -0.02 Iraki 0.007 (3) 

Using these values, we have computed the corrections to the ampli­
tudes of nutation components given in the second line of Table 2, and 
the corresponding estimate < S > J = ±0'.'0004. 

II.4 The effect of core-mantle dissipative coupling. 

The most remarkable corrections for this effect are expected to 
appear in the principal and annual terms. This problem was studied 
by Sasao et al (1977) and Sasao et al (1980), who gave the preliminary 
estimates of corrections to the amplitude and phase of nutation. The 
actual value of <S>C appears to be within the limits of ±070001 to 
±070010. The effects mentioned above are listed in Table 3. 

TABLE 3. Estimates of S for different effects in nutation. 

Effect 

(a) internal inconsistency 
of theory 

(b) inaccuracy of astrono­
mical constants 

(c) structural model 
(d) dynamical effect of 

the oceans 
(e) core-mantle dissipative 

coupling 

Total 

Nutat 
IAU 1979 

±070001 

±0.0001 
±0.0011 

±0.0005 
±0.0001 

to ±0.0010 

±0.0012 
to +0.0016 

ion series 
IAU 1980 

±070001 

±0.0001 
±0.0001 

±0.0005 
±0.0001 

to ±0.0010 

±0.0005 
to ±0.0011 

III. CONCLUSION 

1. The 1980 IAU Nutation Series is based on the best Earth model, 
available presently. The accuracy of this series is of the order of 
±07001, which is better than those that have been obtained from long 
series of astronomical observations. 

2. The effects of the oceans and core-mantle dissipative coupling 

https://doi.org/10.1017/S0252921100002712 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100002712


ON THE ACCURACY OF THE 1980 IAU NUTATION SERIES 291 

appear to be remarkable and should be a subject of further study with 
using the new observational techniques. 
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DISCUSSION 

Anderle : Have solid Earth measurements determined which model is 
better ? 

Yatskiv : It is clear now that the Wahr model is better, because it 
is based on the Gilbert & Jablonsky structural model, which better 
satisfies the observed eigenfrequencies of the Earth. Neither theory 
yet adds the effects of the oceans or of core-mantle coupling. 
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