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Approximation formulae describing the long-term changes in the rotation of the Earth are evaluated. The time scale reduction from Universal to
Ephemeris Time can be accomplished by a 12th degree polynomial with a mean error of less than one second for the entire time span 1800—1988.
The maximum residuals of least squares fits of the 19th and 20th century data, respectively, can be limited to this accuracy by even simpler expres-
sions.

Ouenusarotcs npubauxerHbie GOpMyJibl A TONTOBPEMEHHBIX H3MEHESHUH BpallieHns 3emin. Peaykuuio ¢ BceMUpHOTO Ha 3deMepHIHOE BpeMs
MOXHO Ce/1aTh MPU MOMOIIM MHOTOUIeHa 12-if CTeneHM CO CpelHed MOTpPeLIHOCTbIO MEHbLUEH YeM OIHa CekyHaa 3a mepuon 1800—1988 rr.
MaxkcuMmanbHblE PE3UAYaIbl PEIEHHI HOTYYEeHHBIX METOXOM HaUMEHbIIIMX KBAAPATOB [UI JaHHbIX U3 19-0ro 1 20-0ro Beka MOXHO OrpaHHYHTH
3TOH TOYHOCTBIO TIPH MOMOIIH Aaxe 60Jiee NPOCTHIX BHIPAXKEHHH.
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1. - Introduction

The long-term changes in the rotation of the Earth directly affect the measurement of Universal Time (U.T.), and hence the
observed positions of all bodies within the solar system wil! deviate by differences proportional to the mean motions of the
respective bodies from those values which are based on orbit theories. These fluctuations, evaluated mainly in an extensive
investigation by SPENCER JONES (1939), were used by CLEMENCE (1948) to introduce the uniform time scale Ephemeris Time
(E.T.) into the solar system ephemerides. The tabular mean longitude of the Sun (NEwcoms 1895) remains unchanged if
E.T. is used as the argument of time instead of U.T. CLEMENCE demonstrated that the proper introduction of E.T. in the
ephemeris of the Moon requires an additional correction term for the acceleration of the Moon’s mean longitude. Accurate
values for the time correction AT = U.T. — E.T. were derived by BROUWER (1952) who used lunar occultation timings and
meridian observations. Starting in 1955, the changes in U.T. were obtained by means of atomic time standards. Based on
BROUWER’S material, SCHMADEL and ZecH (1979) (hereafter referred to as Paper I) derived numerical approximations for
the quantity AT in order to facilitate observation time reductions of planetary bodies.

In an impressive paper STEPHENSON and MORRISON (1984) extensively rediscussed the problem of changes in the rotation
of the Earth over the past 2,700 years (see their references for further papers on this topic). They reanalyzed more than
50,000 occultation timings including lunar limb corrections. STEPHENSON and MORRISON evaluated annual mean values for
AT yielding a considerably smoother course of the data than that of BROUWER’s curve under the plausible assumption of
a lunar tidal acceleration of —26" /century?. Since 1986 these numbers have been published as standard values in the Astro-
nomical Almanac issues.

Using this new data body we constructed polynomial approximations for AT for reduction purposes of mainly minor
planet observations. We therefore limited the time span covered to the period after 1800 and aspired to reach a mean error
accuracy of less than one second of time which corresponds to approximately 10~° days, the usually published time resolu-
tion. S

2. Results

We used the annual mean values of AT as given in the paper of STEPHENSON and MoRRIsON. Until 1859 the numbers are
given to the nearest tenths of a second whereas afterwards there is a 0501 precision. The values for 1981 to 1988 are extra-
polated from the 1987 Astronomical Almanac. Fig. 1 shows the course of these data points together with the superposition
of the 12th degree polynomial mentioned below.

Aside from an adequate accuracy, the interpolating function should consist of only a few coefficients. It was proved that
the development into Fourier series or splines has no advantage over a simple time power series. Least squares fits revealed
polynomial coefficients up to a degree of 20. The curves in Fig. 2 demonstrate the approximation quality that can be achieved
with regard to the polynomial degree. The entire period considered can be covered by a 12th order equation with a mean
error of less than one second. The resulting “O — C” difference vanishes 19 times and leaves an absolute maximum of
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1%9. For 70 per cent of all instants, the residuals do not exceed 1 s. In the following expression; which is recommended for

-the usual minor planet work, T denotes the time of observation elapsed since 1900 January 045 E.T. and is to be expressed

in Julian centuries (AT in days):
AT = —0.000014 4 0.0011487 4+ 0.0033577% — 0.0124627° —0.022542T* + 0.062971T> +
+ 0.0794417° — 0.14696077 — 0.149279T% + 0.161416T° + 0.1459327*° — 0.067471T"* —
— 0.05809172 . m

We note that the introduced maximal errors are considerably smaller than those found in Paper I. This fact must be fully
attributed to the smoothness of the STEPHENSON and MORRISON data for the 19th century in companson to BROUWER’S
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values. It is impossible to cut down the maxima under the one second of time level. The use of higher order functions, how-
ever, produces the well-known detrimental effects between consecutive zeroes of the interpolation series.

For. very high precision, one has to employ expressions for shorter time spans. In regard to the 19th century points, a
polynomial of degree 7 is sufficient to reach the 1 s m.e. limit. The maximum errors are restricted to that level by the 10th
degree approximation . '

AT = —0.00009 + 0.003844T +- 0.083563T* +- 0.865736T> + 4.867575T* + 15.845535T° +
+ 31.3322677° + 38.29199977 + 28.3162897% + 11.636204T° + 2.043794T° . @)

The reduction of time scales for this century can even be accomplished (mean error 035, max. error 0395) by means of the
series of degree 7

AT = —0.000020 + 0.000297T + 0.02518472 — 0.181133T° + 0.5530407* — 0.861938T° +
+ 0.677066T° — 0.2125917"7 . 3)

~

Fig. 3 gives the residual scatter of the last two equations. The use of these formulae will approximate the tabular AT values
to within +0%5 in about 75 per cent of all cases. It is, of course, prohibited to use any interpolation function outside of their
defined validity range. As far as the first decades of the 19th century are concerned, it should be noted that the values from
series (1) deviate by as much as 5s from the approximation of Paper I. These differences arise from the STEPHENSON and
MORRISON improvement in regard to BROUWER’s figures.

I I T I T -
[s] [10°d]
F——— 10th order ——
+1r -
vt :' - +1
B . g .. . g 4
. . . . 42
- p——— 7th order ——
Fig. 3. Residuals of formulae (2) and (3) against the AT values
1 ] | 1 1 of STEPHENSON and MORRISON.
1800 1850 1900 1950 2000

References

BROUWER, D.: 1952, Astron. J. 57, 125.

CLEMENCE, G. M.: 1948, Astron. J. 53, 169.

NEWCOMB, S.: 1895, Astron. Pap. VI, Part L.

SCHMADEL, L. D. and ZecH, G.: 1979, Acta Astron. 29, 101.

SPENCER JONES, H.: 1939, Mon. Not. R. Astron. Soc. 99, 541.

STEPHENSON, F. R. and MoRRIsON, L. V.: 1984, Philos. Trans. R. Soc. London Ser. A 313, 47.

Address of the authors:

L. D. ScHMADEL, G. ZECH
Astronomisches Rechen-Institut
Moénchhofstr. 12—14

D-6900 Heidelberg 1

Federal Republic of Germany

© Akademie Verlag GmbH ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1988AN....309..219S

