
TIME-SCALES, 2011B10

Relationships between origins (continued)

Equation of the origins

The equation of the origins (Eo), the angular difference between the origin of intermediate
right ascension (the CIO) and the origin of equinox right ascension (the true equinox) is
defined to be

Eo(T ) = θ − GAST = s − tan−1 Mj · R�i

Mi · R�i

where s is the CIO locator (see page B47). Mi , and Mj are vectors formed from the top and
middle rows of M (see page B50) which transforms positions from the GCRS to the equator
and equinox of date, while the vector R�i which is formed from the top row of R� is given
on page B49. The symbol · denotes the scalar or dot product of the two vectors.

Alternatively,
Eo(T ) = −(GMSTP (T )+ Ee(T ))

where GMSTP is the polynomial part of the Greenwich mean sidereal time formulae (see
page B8), and Ee is the equation of the equinoxes given below. Eo is tabulated with the Earth
rotation agnle (θ ) on pages B21–B24, and is calculated in the sense

Eo = θ − GAST = αi − αe

and therefore αi = Eo + αe

Thus, given an apparent right ascension (αe) and the equation of the origins, the intermediate
right ascension (αi) may be calculated so that it can be used with the Earth rotation angle (θ )
to form an hour angle.

Equation of the Equinoxes

The equation of the equinoxes (Ee) is the difference between Greenwich apparent and mean
sidereal time.

Ee(T ) = GAST − GMST

which can be expressed, less precisely, in series form as

= Δψ cos εA −
∑
k

(C ′
k sinAk + S ′

k cosAk)− 0′′. 000 000 87 T sinΩ

where GAST and GMST are the Greenwich apparent (see page B9) and mean sidereal time
(see page B8). Δψ is the total nutation in longitude, εA is the mean obliquity of the ecliptic,
and Ω is the mean longitude of the ascending node of the Moon (see B47, D2). A table
containing the coefficients (C ′

k , Ak) for all the terms exceeding 0·5μas during 1975-2025 (there
are no S ′

k coefficients in this category) is given with the coefficients for s, the CIO locator, on
page B47. This series expression is accurate over this period to ±0′′. 3 × 10−5.

The following approximate expression for the equation of the equinoxes (in seconds),
incorporates the two largest terms, and is accurate to better than 2s × 10−6 assuming Δψ and
εA are supplied with sufficient accuracy.

Ee
s = 1

15 (Δψ cos εA + 0′′. 002 64 sinΩ + 0′′. 000 06 sin 2Ω)

During 2011, Ω = 272◦.36 − 0◦.052 953 75 d , and d is the day of the year and fraction of day
(see page D2).
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