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Facts @The Astronomical Almanac

* Joint Publication of USNO & HMNAO

» Reference product for the year

* Not a text book

* Must maintain standards; up to date; reliable
* Not at the leading edge

» Useful to users; & Users require continuity

Production [deadlines; funding; personnel]
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Some Chronology

» 2000 Aug: AU 2000 Resolutions

» 2002 Dec: |ERS Software

* 2003 Jan: AU 2000 Resolutions to be used
. Apr: SOFA release

. July: AU Sydney

. Nov: AU WG NFA

* 2004 Jan: AsA 2005

» 2005 Jan: AsA 2006, IAU 2000, CIO & CIP
* 2006 Jan: AsA 2007

* 2006 July: preparing AsA 2008 for Jan 2007

Implementation in the AsA of:

* |AU 2000 Resolutions
ICRS & Frame Bias
AU 2000 precession-nutation
“New paradigm”
* the procedures using the origin determined
by the position of the pole and “S” rather
than the traditional ecliptic and equator.

« Earth rotation angle




The AsA & The AsA Online

USNO —sections HMNAO —sections
C-Sun A — Phenomena

E — Planets B —Timesscales &

F— Satellites reference systems
H — Stars D —Moon

L — Glossary G — Minor planets

M — Notes & References K — Reference data

* AU 2000 precession-nutation used
in all sections,

Thingsto Consider for Section B

New tables
New explanation

Adding new material into existing pages

Update software
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B: Quantitiesto be Tabulated

Existing Quantities:
Universal & Sidereal Times (GMST/GAST/GAST-GMST)
Nutation and obliquity (Oy, De 9
Precession and nutation matrix (NPB)
Position & velocity of Earth
New Quantities:
Universal Time & Earth rotation angle (ERA)
ERA — GAST (equation of the origins)
Celestial intermediate pole & origin: X, Y, s
Matrix from ICRS tointermediate positions (C)
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B12 UNIVERSAL AND SIDEREAL TIMES, 2008
Date Julian G. SIDEREAL TIME Equation of GSD UT1 at 0" GMST
Date (GHA of the Equinox) Equinoxes at (Greenwich Transit of
ot UTI1 Apparent Mean at " UT1 0" GMST  the Mean Equinox)
245 h m § 5 s 246 h m g
Jan. 0 44655 6 36 110355 10-5005 +0-5350 11870  Jan. 0 17 20 5849638
1 4466-5 6 40 07-5881 07.0559 +0-5322 1188-0 1 17 17 02.5843
2 4467.5 6 44 04.1422 03.6112 +0-5310 1189-0 2 17 13 06.6749
3 44685 6 48 00.-6985 001666 +0-5319 1190-0 3 17 09 10.7654
4 44695 6 51 572573 567220 +0-5354 1191-0 4 17 05 14-8559
5 4470.5 6 55 53.8185 532773 +0-5412 11920 5 17 01 189465
6 44715 6 59 50.3817 49.8327 +0-5490 11930 6 16 57 23.0370
7 4472.5 7 03 46.9460 463881 +0-5579 1194.0 7 16 53 27.1275
8 44735 7 07 43.5105 42.9434 +0-5671 1195.0 8 1o 49 31.2181
9 4474.5 7 11 40.0739 30.4988 +0-5751 1196-0 9 16 45 35.3086
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B20 UNIVERSAL TIME AND EARTH ROTATION ANGLE, 2008

Date Julian  Earth Rotation Equation of Julian  Earth Rotation Equation of
oh UTI1 Date Angle Origins Date Angle Origins

g E, g E,
245 o 1 row 245 o 4

4465.5 98 56 28.7006 6 168324 . 45115 144 16 46.0956
4466-5 90 35 36.0049 6 169161 4512-5 145 15 54.2908
4467.5 100 54 45.1091 6 17.0238 45135 146 15 02.5040
4468.5 101 53 53.3134 6 17.1645 4514.5 147 14 10.7083
4469.5 102 53 01.5176 6 17.3423 4515.5 148 13 18.9125

6

6

6

6

6

it
23.8975
24-1415
24.3967
24.6334
24.8267

4470.5 103 52 09.7218 17.5560 45165 149 12 27.1167
4471.5 104 51 17.9261 177991 21 45175 150 11 35.3210
4472.5 105 50 26.1303 18.0599 22 45185 151 10 43.5252
44735 106 49 34.3345 18.3227 23 45195 152 09 51.7294
44745 107 48 42.5388 18-5698 24 45205 153 08 59.9337

24.9631
25.0424
25.0769
25.0859
25.0909

o RN I I =
f< - = = N < N~ = N~ -

GHA =8 — o, o =, + Ep

«;, g are the right ascensions with respect to the CIO and the true equinox of date, respectively.

B34 NUTATION, OBLIQUITY & INTERMEDIATE SYSTEM, 2008

FOR 0" TERRESTRIAL TIME

NUTATION True Obl. Julian CELESTIAL INTERMEDIATE

in Long. in Obl. of Ecliptic I?jate Pole Origin

€ 0"TT 5
23° 26 245

" o
25.2223 163.7273
25.2021 163.7637
25.1686 163-8104
25.1281 163.8715
25.0874 163-9486

25.0538
25.0337
25.0318
25.0506
25.0888

164-0413
164-1468
1642600
164.3741
164.4815

e =
e =
e =
e =
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B40 FRAME BIAS, PRECESSION AND NUTATION, 2008

MATRIX ELEMENTS FOR CONVERSION FROM
GCRS TO TRUE EQUATOR AND EQUINOX OF DATE
FOR O TERRESTRIAL TIME
Date

oh TT NPBi;—1 NPBj» NPBi3 NPB;; NPB;:—1 NPBj: NPB:; NPB:; NPB:;;—1
Jan. 0 —19838 —1826 9420 — 793 7058 41826 9131 —16695 —37 1382 + 793 7723 435 6881 —3157
1 — 19847 — ]Q")'l AN TOR RRIT 1 1RIT 10N 1TETNY T NALN I TOR 0ARR 12X KO 21RQ
: jgg;g | FRAME BIAS, PRECESSION AND NUTATION, 2008 B41
4 —19892 —1
MATRIX ELEMENTS FOR CONVERSION FROM
Values are in GCRS TO CELESTIAL INTERMEDIATE ORIGIN & EQUATOR OF DATE
FOR 0" TERRESTRIAL TIME
Cy—1 Cpp Cy3 Cy Cp—-1 Cyp Cz1 Cay Cy3—1
— 3150 — 83 — 793 7723 —200 — 6 —35 6881 + 793 7723 +35 6881 — 3157
— 3152 — 83 — 793 9488 —199 — 6 —35 5962 4+ 793 9488 +35 5962 — 3158
— 3154 — 84 — 794 1754 —198 — 6 —35 43905 + 794 1754 +354395 — 3160
— 3156 — 84 — 794 4714 —196 — 6 —352485 + 794 4714 +352485 — 3162
— 3159 — 84 — 794 8452 —195 — 6 —350571 + 794 8452 +350571 — 3165

Values are in units of 1071, Matrix used with ERA (B20-B23). CIP is X = C31, ¥ = C3
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Relationship between GAST & ERA

Longitude 0° First Point Aries
TIO GAST / GHA Aries True Equnox

Intermediate Equator

Terrestrial
Intermediate Intermediate
Ornigin Ongin
CIO Origin

Schematic Diagram
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Planetary Reduction

1. GCRS: calculate geocentric vector, apply corrections for
light-time, light deflection, aberration as appropriate;

2. Rotations: transform GCRS torequired “of date” system;

Equinox-based

a) Apply NPB togive
the true equinox
and equator of date

b) Apply GAST.

ClO-based

Apply C(X,Y,s) togive
Celestial Intermediate
Reference System

Apply ERA
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Extract from Planetary Reduction

Step 4. Calculate the proper direction of the planet (p,) by applying annual aberration.
The resulting vector is in the GCRS

P= BT+ A+ (- VY/A+ DV (L+p - V)
Equinox Method

CIO Method
Step 5. Apply frame bias, precession, nuta- Sfep 5. Apply the rotation from the GCRS

tion, and sidereal time, to the proper
direction (p,) by multiplying by the
rotation matrix R3(GAST)NPB to
obtain the position (p,) measured
relative to the Terrestrial Intermedi-
ate Reference System:

p, = Rs(GAST)NPB p,

to the terrestrial system by multi-
plying the proper direction (p,) by
the matrix Rz(6)C(X, Y, s) to ob-
tain the position (p,) measured with
respect to the Terrestrial Intermedi-
ate Reference System:

ps = Ra(8)Cp,

Convert to spherical coordinates Greenwich hour angle (H) and declination §
where H is measured from the TIO meridian positive to the west.
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Some Terms/ Acronyms

ICRS — International Celestial Reference System
BCRS % Barycentric Celestial Reference System

GCRS — Geocentric Celestial Reference System

Equator & Equinox of Date ClO and Equator of Date
CIRS — cCelestial Intermediate
Reference System

GAST (or GST) ERA, Earth rotation angle

Difference: Equation of the origins = ERA —GAST

Some Terms/ Acronyms

TIRS—Terrestrial Intermediate Reference System
TI10O and equator of date

ITRS—International Terrestrial Reference System
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Summary of Nomenclaturein AsA

Equinox Based ClO Based
True Equator & Equinox of date Celestial Intermediate Ref. Sys.
CIP (X,Y) CIP (X,Y)
True equator of date — Celestial Intermediate Equator
True equinox of date CIO - CIO locator s
Apparent place Intermediate place
Apparent RA Intermediate RA
Declination Declination
GAST ERA
Hour angle Hour angle
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* |AU WG Nomenclature for Fundamental Astronomy
* SOFA
* NOVAS & USNO Circular 179

* The Astronomical Almanac
* 2007 is available
* 2008 to be published Jan 2007
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