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Ephemeris: A table or data file giving the calculated
coordinates of a celestial body as a function of time.
Plural: ephemerides.




What is IAU Commission 4
(Ephemerides)?

Commission 4 (Ephemerides) of the International
Astronomical Union (IAU) includes astronomers
responsible for the production of printed almanacs,
software, and web services that provide basic data on
the positions and motions of celestial objects, and the
times of phenomena such as rise and set, eclipses,
phases of the Moon, etc.




What is IAU Commission 47

IAU Commission 4 encompasses two kinds of work:

« Computing fundamental solar system ephemerides

Using gravitational theory (including General Relativity) along with a
wide variety of observations (optical, laser, radar, spacecraft) to
determine the orbits of solar system bodies in a well-defined 4-D
reference system. This work now depends almost exclusively on
N-body numerical integrations and least-squares fits to the
observations.

« Computing and distributing almanac data

Using the fundamental solar system ephemerides to produce
astronomical information useful to observers and navigators — the
positions and motions of celestial objects as seen from Earth, and
the times of phenomena such as rise and set, eclipses, phases of
the Moon, etc.




What is IAU Commission 47

One of 40 subject-area commissions making up the
International Astronomical Union

One of six commissions in IAU Division |,
Fundamental Astronomy:

» Commission 4 — Ephemerides

» Commission 7 — Celestial Mechanics & Dynamical Astronomy
Commission 8 — Astrometry
Commission 19 — Rotation of the Earth
Commission 31 — Time

Commission 52 — Relativity in Fundamental Astronomy

Plus five division or inter-division working groups




What is IAU Commission 47

 Our mission statement (“terms of reference”):

>

Maintain cooperation and collaboration between the national
offices providing ephemerides.

Encourage agreement on the bases (reference systems, time
scales, models, and constants) of astronomical ephemerides and
reference data.

Maintain databases containing observations of all types on which
the ephemerides are based.

Encourage the development of software and web sites that
provide astronomical ephemerides and prediction of phenomena.

Promote the development of explanatory material that fosters
better understanding of the use and bases of ephemerides and
related data.



What is IAU Commission 47

* Institutions Involved:
Jet Propulsion Laboratory (JPL) — US
U.S. Naval Observatory (USNO) — US
Her Majesty’s Nautical Almanac Office (HMNAO) — UK
National Astronomical Observatory of Japan (NAOJ)

Institut de Mecanique Celeste et de Calcul des Ephemerides
(IMCCE) — France

Institute of Applied Astronomy (IAA) — Russia
Spanish Naval Observatory

Astronomical Institute, Prague — Czech Republic




Examples of Modern Almanac Data

From web service provided by IMCCE:

FHAHH AR R HAHHBAA R AR AR R RAE R AR R R R RA R R R AR R R R R R R R R R R R R R R R R R R R R R R R R
EPHEMERIS OF SOLAR SYSTEM BODIES

HHESHHHE A HAFHHE AR HAFHHHHHHH BB A B RH HHHHH B A B R B HH HHEHA S HH B A HH BB SR E HE R BB R HA R R SRR B R B

Planet 2 Venus

Planetary theory INPOP10

Apparent coordinates (true equator; equinoxe of the date)
Frame center: geocenter

Relativistic perturbations, coordinate system 0
Equatorial coordinates (R.A, Dec.)

FHEFH A HERFHHH RS AR R R R R R R R R R R R R R R R R R R R R R R R

Date TT R.A . Distance V.Mag Phase
h m au. o

0
6
12
18
0
6
12
18
0
6

.658916553 =3’
.658261626 =35
.657604085 =3,
.656943939 -3.
.656281196 -3.
.655615865 =3
.654947955 -3.
.654277472 =3
.653604426 =8,
.652928825 -3.
.652250675 -3.
.651569986 -3.
.650886764 =3.
.650201017 -3.
.649512753 -3.
.648821979 =3:
.648128701 =3
.647432926 -3.
.646734663

.646033917
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.202E-01
.202E-01
.202E-01
.201E-01
.201E-01
.200E-01
.200E-01
.200E-01
.199E-01
.199E-01
.199E-01
.198E-01
.198E-01
.197E-01
.197E-01
.197E-01
.196E-01
.196E-01
.195E-01
.195E-01

Dist_dot
km/s

-4.
-4.
-4.
-4.
-4.
-4.
-4.
-4.
-4.
.6878
-4.
-4.
-4.
.7579
-4.
-4.
-4.
-4.
-4.
=4..

-4

-4

5267
5448
5629
5809
5988
6167
6346
6524
6701

7054
7229
7404

7753
7927
8100
8273
8445
8616




Examples of Modern Almanac Data

From The Nautical Almanac (USNO & HMNAO):

2010 FEBRUARY 6, 7, 8 (SAT,, SUN., MON.)

VENUS -39| MARS -1.2|JUPITER —2.0 | SATURN +0.7

GHA Dec GHA Dec GHA Dec GHA Dec Name

o T ] r [} 7 ) 14 o / [+] 7 [+} 7 [+] ’
170 06.9 S15 08.5 5 24.6 N22 53.2 | 159 27.6 S10 46.4 | 311 13.5 0 35.7 |Acamar
185 06.3 07.4 20 28.1 53.4 1174 29.5 46.2 | 326 16.1 35.8 | Achernar
200 05.7 06.4 | 35 31.5 53.6 | 189 31.4 46.0 18.6 35.8 | Acrux
215 05.1 . . 054 | 50 35.0 . . 53.9|204 33.3 .. 4538 21.2 . . 35.9 |Adhara
230 04.5 04.4 65 38.4 54.1 | 219 45.6 23.8 35.9 | Aldebaran
245 03.9 03.4 80 41.9 54.3 | 234 45.3 26.3 36.0

260 03.3 02.4 | 95 45.4 54.5 | 249 45.1 1 28.9 36.0 | Alioth
275 02.7 01.4 48.8 54.8 | 264 44.9 31.4 36.1 |Alkaid
290 02.0 00.4 52:3 55.0 | 279 44.7 34.0 36.1 | Al Na'ir
305 01.4 59.4 55.7 . . 55.2 1294 448 . . 445 36.5 . . 36.2 |Alnilam
320 00.8 58.4 59.2 55.4 | 309 4e6. 44.3 39.1 36.2 |Alphard
335 57.3 55.6 | 324 44.1 41.6 36.3

349 56.3 55.9 | 339 43.8 44.2 36.3 | Alphecca
4 55.3 56.1 | 354 43.6 46.7 36.4 | Alpheratz
19 54.3 56.3 9 43.4 49.3 36.4 | Altair
34 .. 533 .. 565 24 .. 432 51.9 . . 36.5 |Ankaa
49 52.3 56.7 | 39 43.0 54.4 36.5 | Antares
64 51.2 56.9 | 55 42.8 57.0 36.6

79 50.2 57.2 | 70 42.5 59.5 36.6 | Arcturus

94 2 49.2 E 57.4 85 X 42.3 02.1 36.7 | Atria

109 : 48.2 3 57.6 42.1 04.6 36.7 | Avior

124 54.2 . . 47.2 L« BRB .. 419 07.2 . . 36.8 |Bellatrix
46.1 3 58.0 09.7 36.8 | Betelgeuse
45.1 58.2 36.9

44.1 58.5 36.9 | Canopus
43.1 ;i 58.7 d 37.0 | Capella
42.1 . 58.9 5 37.0 | Deneb
41.0 Sy T (- 1 | 0w w : .5 . . 37.1 | Denebola
40.0 r 59.3 ) 37.1 | Diphda

<>0ICAH>®

Dubhe
Elnath
Eltanin
Enif
Fomalhaut

Gacrux
Gienah
Hadar

15 2 37.6 34 435 . . 28.7|232 39.0 . . 016 25 419 . . 38.0|177 53.2 . . 37.7 |Hamal 328 03.6 N23 30.7
16{ 17 40.1 49 42.9 27.6 | 247 42.4 01.8 | 40 43.8 37.8 | 192 55.8 37.7 | Kaus Aust. 83 47.3 S34 22.7
17| 32 426 64 42.3 26.6 | 262 45.8 02.0 | 55 45.7 37.6 | 207 58.3 37.8

18| 47 45.0 79 41.7 S14 25.6 | 277 49.3 N23 02.2 70 47.6 S10 37.4 | 223 00.9 N 0 37.8 |Kochab 137 19.5 N74 06.4

19! 62 47.5| 94 41.1 24.5 | 292 52.7 02.4| 85 495 37.1 | 238 03.4 37.9 | Markab 13 41.1 N15 15.6



Examples of Modern Almanac Data

2012 November 13-14

ITL. - Total Eclipse of the Sun

From HVINAO
web site:

G AT= 4682
SHM Maxical Almamc Offics Globs carmred on W 1596 and S 33°0

Circomstances Time (UT) Longitode Latitode
h m o o

Eclipez begins; firs: contact wich Earch 19 379 EI50 89 S 4276
Beginning of norhem limic of panumbra 20 21 El46 363 NI17 401
Beginning of norchem limic of umbra 20 356 EI33 230 S1I 202
Beginning of c2ncrz line; cancral eclipe: begins 20 3.1 EI33 052 S1I 572
Beginning of scuchem limi of umbrm 20 35 EI32 472 S12 283
Beginning of scuchem limi of penumbra 21 321 E 97 489 S52 1938
Cencral eclipez o local apparent noon 22 130 WI58 245 S30370
End of southern limi of pznumbra 22 513 W 27 89 Seo 342
End of souchern limi of umbra 23 9 W 79 366 S30035
End of canue ling; cencral eclipe: ends 23 474 W 79 578 529 326
End of norchem limic of umbra 23 479 W 80 186 S0 018
End of norhem limic of penumbra 005 W4 150 S 0040

Eclipes ends; loer contact wich Earch 0455 WO7 333 S22087



Examples of Modern Almanac Data

From The Astronomical Almanac (HMNAO & USNO):

SUN, 2011
FOR 0h TERRESTRIAL TIME

Geometric Ecliptic Coords. Triie
Julian | Mn Equinox & Ecliptic of Date Apparent Apparent

Geocentric
Date . . R.A. Declination .
Longitude Latitude ‘ Distance

245 o !/ 7 7 s
5835.5 187 28 38.35 -0.11 2771
5836.5 188 27 38.26 +0.02 04.90
5837.5 189 26 3991 +0.16 42.38
5838.5 190 25 43.29 +0.30 20.15
5839.5 191 24 4841 +0.42 58.23

dau

1.001 4051
1.001 1130
1.000 8198
1.000 5260
1.000 2319

5840.5 192 23 55.29 +0.52 5 36.65
5841.5 193 23 03.95 +0.61 15.43
5842.5 194 22 1443 +0.67 52 5459
5843.5 195 21 26.77 +0.70 34.16
58445 196 20 41.00 +0.71 14.14

0.999 9379
0.999 6444
0.999 3516
0.999 0598
0.998 7693

5845.5 197 19 57.18 +0.69 3 03 5458
5846.5 198 19 15.35 +0.64 3549
5847.5 199 18 35.56 +0.57 16.89
5848.5 200 17 57.86 +0.48 58.80
5849.5 201 17 2229 +0.37 41.26

0.998 4802
0.998 1927
0.997 9069
0.997 6228
0.997 3405

XN NN b wwNo

[
(<]

5850.5 202 16 48.89 +0.26
5851.5 203 16 17.71 +0.14
5852.5 204 15 48.78 +0.01
5853.5 205 15 22.11 -0.10
5854.5 206 14 57.75 —0.20

2427
07.86
52.05

36.86
22.30

0.997 0600
0.996 7812
0.996 5041
0.996 2285
0.995 9543

L WY 9 I
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Examples of Modern Almanac Data

From the Japanese Nautical Almanac (JHOD) :

Ak d
E Age 6.5 277
= =, o X EF[P”# h m
@ N B’iJ P =% £ P.P. K ﬁ Tr. 18 28 P.P.
U E, | d |doPP|U E; d E-d| —
\
h h m s ) ’ h m ’ 'qulﬂ% U E(( d E( d
012110215 407.7( 0 00 0.0 (el h m h h m s o ’ m s .
2 1211 03|S 409.6 10 0.2 2- é E Tr. 12 39 0 611 43| S21 14.¢ 1. 2 0%
4 121105|S 411.6 20 0.3 , 6 10 38 | S21 12.5 2 4 0.2
6 12 11 06| S 4 13.5 30 0.5 h h m s o lh m s ’ 1 609 32 | €21 10.0 3 6 0.3
8 12 11 08| S 415.4 40 0.6 011 21 11.|1:S .8 19.7 000 0 0.0 6 08 27 521 07.5 4 9 0.4
10 1211 09| S 417.4| 0 50 0.8 2112107 S 8 22:1 10 0 0.2 2 607 22| S21 04.9 511 0.5
4 1121 04| S 8 24.6 20 1 0.4 6 06 17 | S21 02.4 6 13 0.6
12 12 11 11 1S 419.3| 1 00 1.0 6 1121 00| S 8 27.0 30 1 0.6 3 60512 | S20 59.8 Z:15 0.6
14124 131 S 4 21.2 10 1.1 8 11 2057 | S 8 29.5 40 1 0.8 6 04 07 | S20 57.1 8 17 0.7
16 12 11 14 | S 4 23.1 20 1.3 10 11 20531 S 8 31.9 0650 1 1.0 4 6 03 02 | S20 54.5 9 19 0.8
18 12 11 16 | S 4 25.1 30 1.4 6 01 57 | S20 51.8 10 22 0.9
20 12 11 17| S 4 27.0 40 1.6 |12 11 2050 | S 8 34.3 1. 00 212 5 600 52 | S20 49.1 11 24 1.0
22 12 11 19| S 428.9{ 1 50 1.8 14 11 20 47| S 8 36.8 10 2 :1.4 5 59 47 | S20 46.4 1296 1.1
24 12 11 201 S 430.8| 2 00 1.9]116 11 20 43 | S 8 39.2 20 2 L6 ? 13 28 :1:2
18 11 20 40 | S 8 41.6 30 3 1.8 / r 2 14 30 1.3
P 20 11 20 36 | S 8 44.1 40 3 2.0| HP. 57.4, S.D. 15 38 15 32 1.4
A S.D. 16 01 22 112033 |S846.5 (1560 3 2.2
24 11 20 29 | S 8 48.9 200 3 2.4 6 5 58 43 [520 43.6 1634 <15
>|< g B U=0of 557 38 | $20 40.8 | 17 37 1.6
= E d 3 7 55634 {S2038.0 | 18 39 1.7
No. % g Xk B EFE o 55520 | S2035.2 | 19 41 1.8
h m s o ’ Tr. 157 8 5 54 25| S20 32.3 20 43 1.8
1 Polaris 22 01 23 | N89 18.8 553 21 | S20 29.4 21 45 1.9
2 Kochab 9 58 45 | NT4 06.6 h h m s o ’ h m s ’ 9 552 17| S20 26.5 22 47 2.0
3 Dubhe 13 44 57 | N61 41.1 0 16 02 27 | N19 08.2 000 0 0.0 551 13 | S20 23.5 23 49 2.1
4 S Cassiop. 0 39 30 | N59 13.1 2 16 02 35 | N19 07.5 10 1 0.1]110 550 09 | S20 20.5 24 52 2.2
5 Merak 13 46 50 | N56 19.0 4 16 02 42 | N19 06.8 20 1 0.1 549 05 | S20 17.5 256 54 2.3
6 16 02 50 | N19 06.1 30 2 0.2]11 548 01 | S20 14.5 26 56 2.4
6 Alioth 11 54 51 | N55 53.8 8 16 02 58 | N19 05.4 40 3 0.2 5 46 58 | S20 11.5 27 58 2.5
7 Schedir 0 08 08 | N56 36.3 | 10 16 03 05 | N19 04.6 050 3 0.3 28 60 2.6
8 Mizar 11 25 00 | N54 51.9 4 yie i 29 62 2.7
9 ¢ Persei 21 24 09 | N49 54.1| 12 16 03 13 | N19 03.9 |1 00 4 0.4| HP. 57.1, SD. 1534 | 30 65 2.8
10 Benetnasch 11 01 23 | N49 15.4 | 14 16 03 21 | N19 03.2 10 4 0.4 ;
16 16 03 28 | N19 02.5 20 5 0.5]112 5 45 54 | S20 08.4 m s ’
11 Capella 19 31 46 | N46 00.4 | 18 16 03 36 | N19 01.8 30 6 0.5 5 44 51 | S20 05.3 1 2-0:1
12 Deneb 4 07 30 | Nd5 19.7 ]| 20 16 03 44 | N19 01.1 40 6 0.6 13 5 43 47 | 820 02.1 2 4 0.2
13 Vega 6 12 01 | N38 48.1 | 22 16 03 51 | N19 00.4 160 7 0.7 5 42 44 | S19 59.0 3 6 0.3
14 Castor 17 14 00 | N31 51.6 | 24 16 03 59 | NI8 59.7 200 8 0.7]14 5 41 41 | S19 55.8 4 8 0.5
15 Alpheratz 0 40 20 | N29 09.6 5 12 37 §1$_) 52.6 l § 10 [«(3




Example of Old Almanac Data

From the first American Ephemeris and Nautical
Almanac (US NAO) :

MARS, 1855.

Month.

e

Apparent | ‘g V[“):'”" PR \rlw o
. Apparent 2C. idi g 4 -y R.AL App
Right for 1 Dv&'iu;u.xon. for | |Meridian ight APL

N 5
for 1 De: P
Ascension. hour, | Passage. Declination.

hour.

Noon. 2 . Noon. Noon Noou.

=)
-}
o
°
=
&
e

h. m. & s o ) » M h m s v > "

1038 9.20 2141020 0.0|30.50 11 39 40.91/ 4.813)+ 4 16 34.129.27 18 59.0 |
1040 19.32| .s12| 10 7 45.7] 30.62 11 4136.15| .i90| 4 463.1]20.15! '
1042 28.96| .392| 955 30.7|30.64 11 43 30, 66| 3 53 15.0( 20.02

10 44 38.11 9 43 15.4/ 30.66 114524.95| 743 8 41 40,0 28.50!

10 46 46.80 2{ 938059.7/30.67|19 48.7] 5|11 4718.561} .719| 830 8.3' 26.7:

[ L

10 48 55.02| 5.1 9 18 43.8/20.67[19 46.9 11 49 11.49| 4.69 26.60!18 48.7
1051 2.76| .312] 9 6 27.8|30.67/19 45.1 1151 3.89 '29.45‘18 16.7 |
1053 10.02) .2 8 54 11.9] 20.67/19 43.2 11 52 55.69 | 26.29)18 44-6&
1055 16.79 8 41 56.0/ 30.66/19 41.4 11 54 46.88 ¢.1318 42.5‘|
1057 23.07, .25 29 40.330.65/19 39.5 11 56 37. 17] -

11 58 27.44|

1059 23.::;;?

11 13416 . 3 5 10.1/ 30. sli2]12 01679 .s12 21111.2{27.6
11 3388.97| .19 2 55. 3.0013|12 2 5.49| 515 2

11 54:;291 7 40 42.1/30.55(19 32,0 14|12 353.54| .487] 1 b|

11 74712 5 29.3030.51(1930.1§15] 12 540.92| .s60 ]3322.9x'27.lh5,
| |

11 950.48 s.130| 716 17.530.47/1928.2|16[12 727.68] 1.432| 127 35.9|26.37)1
111153.34] .09 7 4 6.9]50.42[1926.3§17]12 913.67| .403| 116 53.626.67(18:
1113 05.70‘; 651 57.4]30.31 1924.4118]12 1059.04| .375 1 616.1!26.47]1 )
1115 57.57| .068] 639 49.2]30.31/1922.5§19] 12 1248.72| 316 0 55 43.5] 26.26|18 20.9
1117 5,.95! s| 627 42.6 30.25|19 20.6 |20 12 1427.69 l 045 16.1‘ 4(18 18.7 |

s

L S




A Brief History of Time Scales

Until 1930s Earth’s rotation defines time (Greenwich Mean
Time, Universal Time).

Irregularities in Earth’s rotation first definitively
measured.

“Ephemeris Time” (ET) established by IAU as a
time scale for solar system ephemerides
that are independent of the Earth’s rotation.

First practical atomic clocks.

New high-precision observational techniques
(radar, LLR, VLBI, spacecraft) require
relativity in time scales and data analysis.

Sl second defined, matching ET second.




A Brief History of Time Scales (cont.)

« 1972

1976, 1979

1991-2006

UTC with 1s leap seconds, kept within 0.9 s of
UT1, established.

International Atomic Time (TAI) introduced.

UTC and TAI both use the Sl second.

IAU splits ET into TDT and TDB (for geocentric
and barycentric ephemerides, respectively).

IAU revisits relativistic basis of reference
systems and times scales; establishes
Terrestrial Time (TT), Geocentric Coordinate
Time (TCG), Barycentric Coordinate Time
(TCB), then redefines TT and TDB.




A Child’s Garden of Time Scales




A Child’s Garden of Time Scales




Time Scales from a User’s Viewpoint

UT1-UTC

32.184 s standard formula

standard linear eq. of the
relation equinoxes

[72)
©
c
O
o
Q
(/)
7p)

uoijejo. yyeg

formulas
formula longitude

* Based on Sl seconds on
the geoid, not the barycenter




Differences Between Time Scales

\

- l_-_.I,- S S — .__L._I_.A..L»L_- Ll _.L_._L_“J,.A.l

\\-
“TOT=TT=ET

1960

From Seidelmann & Fukushima (1992)
Astron. & Astrophys. 265, 833




Differences Between Time Scales
if UTC is redefined

’_/_,_,‘-/"

]
]
1
]
1
1

[

\\-
“TDT=TT=ET

\ TAl

End of leap seconds




Time Scales Used in Modern Almanacs
(as the independent argument in the tabulations)

« UT1 (often labeled simply as UT or Universal Time).

» For data that depend on the rotation of the Earth (including the data
fro celestial navigation).

Also for data of public interest (times of Moon phases, solstices and
equinoxes, etc.) that are not given to high precision.
« TT (Terrestrial Time).
» For data that are independent of the rotation of the Earth (e.g.,
geocentric celestial coordinates of the Sun, Moon, and planets).
« TDB (Barycentric Dynamical Time).

» Less frequently used — For heliocentric or barycentric data closely
related to the fundamental solar system ephemerides (e.g., orbital
elements of the planets).




Time Scales from a User’s Viewpoint

UT1-UTC
A

standard formula

47

ﬂ
standard lineai eq. of the
relation i equinoxes

[72)
©
c
O
o
Q
(/)
7p)

uoijejo. yyeg

formulas
formula longitude

LAST

* Based on Sl seconds on
the geoid, not the barycenter




The Universal Time Ambiguity

Many users can now assume UT1=UTC for their
applications; they don’t even have to know that there
are two kinds of Universal Time.

UT1-UTC
in seconds

Note that
> |UT1-UTC]
Rarely
exceeds 0.5 s

1985 1988 1991 1994 1997 2000 2003 2006 2009

Graph from Wikipedia




What if UTC is Redefined?

Option 1: Do nothing.

>

UTC is not used in the computation of ephemerides, nor is it used
within the almanacs.

It has always been the user’s responsibility to convert from his own
time scale (e.g., UTC) to the time scales used in the almanacs.

However...

Many users are now able to assume UT1=UTC with negligible error for
their applications (error in UT1 < 0.9 s).

That approximation will no longer hold if leap seconds are
discontinued from UTC, and the IERS value of UT1-UTC will have to
be applied — more user education and very explicit instructions on this
will be needed. “UT” tabulations would have to be re-labeled “UT1.”



What if UTC is Redefined?

Option 2: Switch to UTC-based tabulations.

>

Not a problem for TT-based data, because UTC and TT would
simply be a constant offset from each other (about 70 s), which
would never change.

UT1-based data that are printed would require predicting UT1-UTC
from 2 to 2.5 years in the future. (IERS currently estimates this can
be done to better than 0.1 s accuracy.)

Would still have to provide a correction table so the user can supply a
better value of (UT1-UTC) close to the time the data is actually
needed (if his accuracy requires it).

UT1-based data that are provided online could be continually
updated with better values of (UT1-UTC); for future data, could
provide a prediction that the user could change.



Predicting UT1-UTC Into the Future

IERS provides predictions in tabular form for one year
beyond current date.

IERS projection beyond one year:
UT1-UTC = -0.3617 — 0.00073 (MJD — 55834) — (UT2-UT1)

with error
0.75
)

o(t) = 0.00025 (MJD — 55826
which amounts to

0.012's at 6 months Note: MJD 55826 is 2011 Sept 22
0.021s at1 year MJD 55834 is 2011 Sept 30

0.035s at2years
0.048 s at 3 years

but these errors are undoubtedly underestimated.




Predicting UT1-UTC into the Future

Probably feasible with an error < 0.4 s for 2.5-year
projection. This idea needs to be tested.

Bulla LODS

Excess LoD

in milliseconds Outside of the
(= rate of UT1-TAl) annual term,
LoD trend is
mostly linear
for several
years at a time.

-
Q
]
@
£

N

%]
(]
(o
v

1975 1980 1685 1990 1595 2000 2005 2010
Yedr

Graph from USNO EO Dept. web site




Conclusions

This history of astronomical time scales is confusing
and not always progressive.

Most current users of astronomical and navigational

almanacs have to deal with only two time scales: TT
and UT.

UT means UT1, but is deliberately ambiguous
because for many users, UT1=UTC.

If leap seconds are removed from UTC, the UT1=UTC
assumption is no longer valid, leaving two choices:

» Re-label “UT” as “UT1” and educate users about the conversion
from UTC to UT1.

Change “UT” tabulations to be based on UTC, and use projected
values of UT1-UTC to compute the data.




Time is what prevents everything from happening at once.

— John Archibald Wheeler




