
REDUCTION OF CELESTIAL COORDINATESB30

Reduction for precession—approximate formulae (continued)

The precessional constants p, m, etc. are as follows:

Annual Epoch J2006·5 Epoch J2006·5
general precession p = +0◦.013 9693 Annual rate of rotation π = +0◦.000 1305
precession in R.A. m = +0◦.012 8121 Longitude of axis Π = +174◦.8584
precession in Dec. n = +0◦.005 5670 γ = 180◦ − Π = +5◦.1416

where Π is the longitude of the instantaneous rotation axis of the ecliptic, measured from
the mean euinox of date.

Reduction for nutation — rigorous formulae

Nutations in longitude (∆ψ) and in obliquity (∆ε) together with the true obliquity of
the ecliptic (ε) for 2006 have been calculated using the IAU 2000A series, and are tabulated
on pages B32–B39. A mean place (rm) may be transformed to a true place (rt ), and vice
versa, as follows: rt = N rm rm = N−1 rt = N′ rt

where N = R1(−ε) R3(−∆ψ) R1(+εA)
ε = εA +∆ε, and εA is given at the top of page B29. The matrix for nutation is given by

N=
(

cos∆ψ − sin∆ψ cos εA − sin∆ψ sin εA
sin∆ψ cos ε cos∆ψ cos εA cos ε + sin εA sin ε cos∆ψ sin εA cos ε − cos εA sin ε
sin∆ψ sin ε cos∆ψ cos εA sin ε − sin εA cos ε cos∆ψ sin εA sin ε + cos εA cos ε

)

Approximate reduction for nutation

To first order, the contributions of the nutations in longitude (∆ψ) and in obliquity
(∆ε) to the reduction from mean place to true place are given by:

∆α = (cos ε + sin ε sin α tan δ)∆ψ − cosα tan δ ∆ε

∆δ = sin ε cosα ∆ψ + sin α ∆ε

∆λ = ∆ψ

∆β = 0

The following formulae may be used to compute ∆ψ and ∆ε to a precision of about
0◦.0002 (1′′) during 2006.

∆ψ = − 0◦.0048 sin (9◦.0 − 0·053 d)

− 0◦.0004 sin (199◦.1 + 1·971 d)

∆ε = + 0◦.0026 cos (9◦.0 − 0·053 d)

+ 0◦.0002 cos (199◦.1 + 1·971 d)

where d = JD − 245 3735·5 is the day of the year and fraction; for this precision

ε = 23◦.44 cos ε = 0·917 sin ε = 0·398

The corrections to be added to the mean rectangular coordinates (x, y, z) to produce
the true rectangular coordinates are given by:

∆x = −(y cos ε + z sin ε)∆ψ ∆y = +x cos ε ∆ψ − z∆ε ∆z = +x sin ε ∆ψ + y ∆ε

where ∆ψ and ∆ε are expressed in radians. The corresponding rotation matrix is

N =
(

1 −∆ψ cos ε −∆ψ sin ε
+∆ψ cos ε 1 −∆ε
+∆ψ sin ε +∆ε 1

)

Combined reduction for frame bias, precession and nutation — rigorous formulae

The reduction from a geocentric position r with respect to the ICRS to a position rt
with respect to the true equator and equinox of date, and vice versa, is given by:

rt = N P B r r = B−1 P−1 N−1 rt = B′ P′ N′ rt
and the matrices B, P and N are defined in the preceding sections and NPB is tabulated
daily on even pages B40–B54. It should be noted that the third row (elements (3,1), (3,2)
(3,3)) of the resulting matrix NPB matrix are the components of the unit vector pointing in
the direction of the celestial intermediate pole.
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