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Introduction:
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4 The axis of rotation of the Earth is not stable in the
Inertial reference frame:

¢ Under the dominant influence of the Moon and the Sun, it
exhibits a rather complicated motion, called precession-
nutation.

¢ Its very long-periodic part, precession (known already to

Hipparchus, app. 150 B.C.), is the slow motion of the pole
of Earth’s rotation around the pole of the ecliptic. The angle
between the two poles (obliquity) is approximately
constant, roughly equal to 23.5°.

¢ The axis of rotation of the Earth makes one revolution
around the pole of the ecliptic in about 26 thousand years
(Platonic year).
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¢ Pole of the ecliptic itself is not stable with respect to the
stars — it exhibits so called precession of the ecliptic
(formerly planetary precession). It is dominantly caused by
the attractive forces of all bodies of the solar system.

¢ The axis of rotation of the Earth exhibits a motion around the
moving pole of ecliptic under the torques exerted by the
Moon, Sun, and planets on the rotating oblate Earth, called

precession of the equator (formerly luni-solar precession).

¢ To account for precession, precession matrix must be
formed.:

¢ Usually, it consists of three to four rotations, using different
sets of precession parameters (angles or direction cosines -
see later).
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Motivation:

¢ All precession models used so far are expressed in terms
of polynomial developments, no matter which precession
parameters are used.

¢ Most recent model IAU2006 is very accurate, but usable
only for alimited time interval (several centuries around the

standard epoch J2000):
¢ its errors rapidly increase with longer time spans!

¢ In reality, precession represents a complicated, very long-
periodic process, with periods of hundreds of centuries:

¢ this can be seen in numerically integrated equations of motion
of the Earth in the solar system and its rotation.
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Goal:

¢ We assume that precession covers all periods longer
than 100 centuries; shorter ones are included in the

nutation:

¢ The goal is to find relatively simple expressions of
different precession parameters, with accuracy

comparable to the IAU2006 model near the epoch
J2000.0, and lower accuracy outside the interval £1000
years (up to several minutes of arc at the extreme

epochs +200 thousand years);

¢ New model was published recently:
¢ Vondrak J., Capitaine N., Wallace P., A&A 534, A22 (2011).
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Methods:

¢ We use the numerically integrated values (which were
shown to be consistent with more recent values):

¢ of the precession of the ecliptic P,, @, (Chambers 1999);
¢ of the general precession/obliquity p,, &, (Laskar 1993)

¢ to calculate different precession parameters in the
Interval £200 thousand years from J2000.0, with 100-
year step;

¢ Central part (£1000 years from J2000.0) is replaced by
|JAU2006 values;

¢ These series are then approximated by a cubic
polynomial plus up to 14 long-periodic terms, so that
the fit is best around J2000.0.
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Precession parameters 180°~11,~

a) input (from numerical integration):
P =sinz,sinll ,, Q ,=sinz, cosll, p, &,

b) derived (computed from spherical triangles on
the right):
X ,=sin@ cosé,, Y ,=sind sin{, - direction cosines
V, =sinf sinz,, W, =sind,cosz, —-"-
Do Wi Xty O Py W - precession angles
CIO locator s,
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P=R,(-z,)R,(0,)R;(-¢,) “Lieske”
P = R3 (ZA )Rl (_G)A )Rs (_WA )Rl(go) “Capitaine”
P=R (- )R;(—¥)R, (p)R;(7) “Williams-Fukushima”

Alternative possibilities of expressing precession matrix:
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All precession parameters expressed as:

a+bT+cT? +dT° +) (C, cos2xT | P, + S, sin2xT | P),
i=1

where T is time in centuries since J2000.0, P, are the

periods and 7 is the number of periodic terms (8 to 14),
coefficients ¢, d are very small.

All coefficients estimated by least-squares method, with
weights equal to 10* in the interval £1000y from J2000.0,

and 1/7° outside, to assure the best fit to the time series in
the central part.
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Two examples:

¢ Precession of the ecliptic:
¢ Direction cosines of the poleC-P, Q,;

¢ Precession of the equator:
¢ Direction cosines of the poleP-X, Y.
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Long-periodic expressions for P, O, ["]:

P, = 5851607687 — 011890007 —0.000289137" +101x 10 7° + " (C, cos2x T/ P, + S, sin2z T/ P
0, = 1600886300+ 1.1689818T — 0.000000207 — 437 x 10 T + > (C, cos2z T/ P, + S, sin2z T/ )
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Long-periodic expressions for X,, Y, ["]:

X, = 5453282155+ 042528417 —0.000371737> —=152x 107 T° + Zi“(q cos2zT/ P +S,sin27T/ P)
Y, =-73750.930350 — 0.7675452T — 0.00018725T +231x 107" T° + Zi“(c,. cos2zT/ P +8,sin27T/ P)
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Estimation of accuracy at different epochs
from the fit with numerically integrated
values:

¢In A&A paper, we used a simple expression based on
the average sigma and weights at different epochs;

¢ Here we use arigorous procedure, based on full
variance-covariance matrix, for each parameter
separately.
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Accuracy of different precession parameters
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Comparison of X,, Y, for different precession models:
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Close-up of the central part:
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Conclusions:

¢ 1AU2006 model:

¢ Analytical expressions of direction cosines X, Y, provide high
accuracy over a few centuries;

¢ For longer periods, precession angles {,, 0, are preferable.

¢ New model of precession, valid over £200 millenia, is
presented:

¢ Its accuracy is comparable to IAU2006 model in the interval of
several centuries around J2000.0,

¢ It fits the numerically integrated position of the pole for longer
Intervals, with gradually decreasing accuracy (several arcminutes
+200 thousand years away from J2000),

¢ The estimation of accuracy in A&A paper Is too conservative, it is
probably one or two orders of magnoitude better.
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