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Resolution No. A 1
Sharing Hydroxyl Band with LandMobile SatelIite Services
Partage de la bande de l'hydroxyl avec les services mobile au sol

The XXIst General Assembly of the Inter'national Astronomical Union.

considering

a) that the 1660-1660,5 MHz band is allocated to the Radio
Astronomy Service on a shared. primary basis. and is used to
observe hydroxyl lines. which are of the highest astrophysical
importance. in many galaxies in the nearby Universe;

bl that the World Administrative Radio Conference for the Mobile
Services (WARC MOB-8ll has also allocated the 1660-1660.5 MHz
band to the land mobile satel lite service;

c) that WARC MOB-8? has added Footnote ?30A to the Regulations,
allowing administrations to authorize aircraft stations and
ship stations to communicate with space stations in the land
mobile satellite service in the 1660-1660.5 MHz band.

urges

that administrations adhering to the International
Union and to the International Telecommunication Union
at WARC 92 the importance of the primary allocation
Astronomy Service in the band 1660,0-1660,5 MHz:

Astronomical
bear in mind
to the Radio

and instructs the President

to support IUCAF strongly in its efforts to bring this resolution
to the attention of delegations participating in WARC 92.

lUeAF

WARe MOB

Inter-Un1'on Commission on Frequency Allocations for Radio Astronomy and

Space Sci ence

World Administrative Radio Conference for Mobile Services

La XXIe Assemblee generale de 1 'Union Astronomique Internationale.

considerant

al que la bande 1660-1660,5 MHz est attribuee au Service de
la Radioastronomie sur une base de priorite et de partage et
qu'elle est utilisee pour 1 'observation des raies de
l'hydroxyle qui sont de la plus grande importance astrophysique
dans de nombreuses galaxies appartenant a 1'Univers proche ;

bl que la Conference Administrative Mondiale des
Radiocommunications pour les services mobiles (WARC MOB-8?)
a aussi attribue la bande 1660-1660,5 MHz aux services mobiles
au sol associes aux satellites

c) que la WARC MOB-8? a ajoute la note ?30A aux Reglementations
Radio. permettant ainsi aux administrations d'autoriser les
stations embarquees sur avion ou sur bateau de communiquer avec
les stations spatiales par des services mobiles dans la bande
1660-1660,5 MHz



recommande de fa con pressante

que les administrations adh~rant a l'Union Astronomique
Internationale et a l'Union Internationale des Tel~communications

aient pr~sente a l'esprit, lors de la Conference Administrative
Mondiale des Radiocommunications (WARC 92), l'importance
d'attribuer en premier au Service de la Radioastronomie la bande
1660.0-1660.5 MHz :

et demande au Pr~sident

d'appuyer for-tement la Commission Inter-union pour les Allocations
des Bandes de Fr~quences a la Radioastronomie et a la Recherche
Spatiale (IUCAF) dans ses efforts en vue de porter cette r~solution

a 1'attention des del~gations participant a la WARC 92.

weAF Commission Inter-Union pour Jes Allocations des Bandes de Fnf!quences

pour 1a Radioastronomie & la Recherche Spatia)e

WARC MOB Conference Administrative Mandiale des Radiocommunications pour Jes

services mobiles

Resolution No, A 2
Revision ofFrequency Bands for Astrophysically Significant Lines .
Revision des bandes de frequences pour les raies d'1l1teret astrophyslque

The XXlst General Assembly of the International Astronomical Union,

recall i ng

a) resolutions passed
1979 and 1982
administrations of
important spectral

by the International Astronomical Union in
recommending the provision by national

frequency bands for the astrophysically most
lines:

b)

c)

the need expressed in those resolutions
frequency bands from in-band, band-edge and
especially from space-borne transmitters:

the documentation of Study Group 7
Recommendation 314 and Reports 224 and 697
interference to the Radio Astronomy Service:

to protect these
harmonic emissions,

of the CCIR in
concern i ng ha rmfu 1

and considering

the careful reviews
the period 1983-1991
1i nes :

by the International Astronomical Union in
of the astrophysically most important spectral

recommends

that the International Astronomical Union take note of the revision
of the frequencies of the astrophysically most important spectral
lines listed in Tables I and 2 below:



and instructs the President

to bring the resolution to the attention of the General Secretary
of the International Telecommunication Union, and to support IUCAF
strongly in its efforts to bring this resolution to the attention
of delegations participating in WARC 92,

[CIR Consultative Commit'.ee on International Radiommunications

weAF Inter-Union Commission on Frequency Allocations for Radio Astronomy and

Space Science

WARe World Administrative Radio Conference

La XXIe Assemblee generale de 1'Union Astronomique Internationale,

rappelant

a) les resolutions de l'Union Astronomique Internationale de
1979, 1982 and 1988 recommandant la mise a disposition, par les
administrations nationales, de bandes de frequences pour les
raies spectrales de plus grande importance en Astrophysique

b) la necessite exprlmee dans ces resolutions de proteger ces
bandes de frequences des emissions dans la bande, en bordure de
bande et des harmoniques, en particulier celles provenant de
transmetteurs spatiaux ;

c) la documentation du Groupe d'etude 7 du Comite Consultatif
Radio International (CCIR) dans sa Recommandation 314 et les
rapports 224 et 697 traitant des interferences nuisibles au
Service de la Radioastronomie ;

et considerant

les revues faites avec grand soin par l'Union Astronomique
Internationale, au cours de la periode 1983-1991, des raies
spectrales de plus grande importance en Astrophysique ;

recommande

que 1'Union Astronomique Internationale
de la liste des raies spectrales
astrophysique, telles que repertoriees
annexes ;

et demande au President

prenne note de la revision
les plus importantes en
dans les Tableaux 1 et 2

de porter cette resolution a l'attention du Secretaire General de
1'Union Internationale des Telecommunications et d'appuyer
fortement la Commission Inter-Union pour les Allocations des Bandes
de Frequences pour la Radioastronomie et la Recherche Spatiale
(IUCAF) dans ses efforts pour porter cette resolution a 1'attention
des delegations participant a la WARC 92.

[elR Comit~ Consultatif Radio Internitiona7

weAF Commi ss j on I nter-Uni on pour 7es A17 ocati ons des Bandes de Frequences

pour la Radioastronomie & la Recherche Spatia7e

WARe Conference Administrative Mondia7e des Radiocommunications



TABLE I

Radio-frequency lines of the greatest Importance to radio astronomy
at frequencies below 275 GHz

(Raies de frequence radio d'jmportance majeure pour 7a Radioastronomie

aux frequenccs inferieures a 2156Hz)

Substance

Corps

Compose

Rest

frequency

Frequences

au repos

Suggested
minimum band

Bande minimum

suggeree

Notes (11

Oeuter'ium (DJl

Deuteri urn
327 .384 Mllz 327.0 327.7 MHz

Hydrogen (HI)

f1ydrogene

Hydroxyl radical (OH)

Radica7 Qxhydri7e

Hydroxyl rad; cal (OH)

Radical Qxhydrile

Hydroxyl rad; cal (OH)

Radica7 oxhydri7e

Hydroxyl radical (OH)

Radica1 Qxhydri7e

Methyladyne (CH)

Methyladyne

Methyladyne (CH)

Methyladyne

Methyladyne (CH)
Methy)adyne

Formaldehyde (HZCOl
Formaldehyde

Methanol (CHZOHI

Methanol

Ionized helium isotope (3Helll

Isotope ionise de 1 'Helium3

Methanol (CH
3

0H)

Met,hino)

Formaldehyde (H2COJ
Formaldehyde

Cyclo propenylidenelC
3

H
2

)

Cyclopropenylidene

Water vapour {Ii201

vapeur d 'eau

Ammonia (NH
3

)

Ammoniac

Ammonia (NH3 )
Ammoniac

Ammonia (NH3)
Ammoniac

1420.406 MHz

1612.231 MHz

1665.402 HHz

1667.359 MHz

172['.530 MHz

3263.794 MHz

3335.481 MHz

3349.193 Mllz

4829.660 Mllz

6668.518 MHz

S665.650 MHz

12.178 GHz

14.488 GHz

IS.343 GHz

22.235 GHz

23.694 GHz

23.723 GHz

23.S70 GHz

1370.0 1427.0 MHz

1606.S 1613.S MHz

1659.8 1667.1 MHz

1661.S 1669.0 MHz

1714.S 1722.2 MHz

3252.9 3267.1 MHz

33244 333S.8 MHz

3338.0 3352.5 MHz

4813.6 4834.5 MHz

6661.8 6675.2 MHz

8660.0 8670.0 MHz

12.17 12.19 GHz

14.44 14.50 GHz

IS.28 IS.36 GHz

22.16 22.26 GHz

23.61 23.71 GHz

23.64 23.74 GHz

23.79 - 23.S9 GHz

(2) ,13)

(3),14 )

14 )

14 )

(3), (4)

(3).14 )

(3) , (4)

(JJ , (4)

131 .14 I

131,161

(3) ,161

(J 1.141

(3) . (4) . 161

(J 1,141

141

141

14 )



Silicon monoxide (SiO)
Monoxyde de si1icium

Silicon monoxide (SiO)
Honoxyde de siJicium

Carbon monosulphide (CS)
MonosuJfure de carbone

Oeuterated formylium (OCO+)
Formylium deutere

Silicon monoxide (SiO)
Monoxyde de siJicium

Formylium (H 13 CO+)

Formylium

Silicon monoxide (SIO)
Monoxyde de siJicium

Ethynyl radi cal (C 2H)
Radica1 Ethyni 1

Hydrogen cyanide (HCN)
Cyanure d'hydrogene

Formylium (HCO+)
Formy]jum

41.811 GHz

43.1110Hz

48.991 OHz

71.039 GHz

86.143 OHz

86.7540Hz

86.847 OHz

87.300 OHz

88.631 GHz

89.189 GHz

42.77 41.86 OHz

43.07 43.17 OHz

48.94 49.04 OHz

71.96 71.11 OHz

86.16 86.33 GHz

86.66 86.84 GHz

86.76 • 86.93 GHz

87.21 87.39 GHz

88.34 88. 71 GHz

88.89 89.18 GHZ

13 I

151

141

(4 I

93.07 93.17 GHz

Hydrogen isocyanide (HNC)
lsocyanure d'hydrogene

Oiazenylium (N
2

H+)
OiazenyJium

90.664 OHz

93 . 1740Hz

90.57 90.76 GHz

1'1 13COI1

Carbon monosulphide (CS)
Monosulfure de Carbone

Carbon monoxide (C 180)
Monoxyde de carbone

Carbon monoxide (13 CO )

Monoxyde de c~rbone

Carbon monoxide (C 170)
Monoxyde de carbone

Carbon monoxide (CO)
Monoxyde de carbone

Formaldehyde
Formaldehyde

Formaldehyde (H2CO)
Formaldehyde

Carbon monosulphide (CS)
Monosulfure de carbone

Water vapour (H20)
Vapeur d'eau

Carbon monoxide (C 180)
Monoxyde de carbone

Carbon monoxide (13 CO )
Honoxyde de carbone

Carbon monoxide (CO)
Monoxyde de carbone

97.9810Hz

109.7810Hz

110.101 OHz

111.359 Gltz

115.171 OHz

137.450 OHz

140.840 GHz

146.969 OHz

183.310 GHz

119.560 OHz

110.399 OHz

130.538 OHz

97.65 98.08 GHz

109.67 109.89 GHz

109.83 110.31 GHz

111.15 111.47 GHz

114.88 115.39 GHz

137.31 137.59 GHz

140.69 140.98 GHZ

146.81 147.11 GHz

183.11 183.50 GHz

119.34 119.78 GHz

219.67 210.62 GHz

129.77 230.77 GHz

14 I

(4 I

(61

14 I

131. (61

(4 I

( 41



Carbon monosulphide (CS) 244.953 GHz 244.72 . 245.20 GHz (6)
Monoxyde de carbone

Hydrogen cyanide (HCN)
265.886 GHz 265.62 . 266.15 GHz

Cyanure d'hydrogene

Formylium (HCO+)
267.557 GHz 267.29 . 267.83 GHz

Formylium

Hydrogen isocyanide (HNC)
271.981 GHz 271.71 . 272.25 GHz

Jsocyanure d'hydrogene

(1) If Note (4) or Note (2) are not listed, the band limits are the Doppler-shifted

frequencies corresponding to radial velocities of ± 300 km/s (consistent with line

radiation occurring in our galaxy).

(Les limites des bandes, pour toutes les raies spectra1es figurant dans ce Tableau a

J 'exception de ceJles qui portent la note (4) ou la note (2), sont les frequences

d6calees par 7 'effet Dopp1er correspondant a des vitesses radiales de x 300 km/s

(compatib7e avec I 'emission spectrale se produisant dans notre GaJaxie).

(2) An extension to lower frequency of the allocation of 1400-1427 MHz is required to allow

for the higher Doppler shifts for HI observed in distant galaxies.

Wne extension vers les basses frequences de I 'attribution de la bande 1400'1427 M/-Iz

est necessaire afin de tenir compte des effets Doppler importants pour la raie de 1-/1

~bservee dans les galaxies eloignees).

(3) The current international allocation is not primary and/or does not meet bandwidth

requirements. See the Radio Regulations for more detailed information.

(L 'attrlbution internationale actue))e n'est pas une attribution principale et/ou ne

repond pas aux besoins pour 7a Jargeur de bande, On trouvera a ce sujet des precisions

dans le Reg)ement des radiocommunications).

(4) Because these line frequencies are also being used for observing other galaxies,

the listed bandwidths include Doppler shifts corresponding to radial velocities of up

to 1000 km s·l. It should be noted that HI has been observed at frequencies redshifted

to 500 MHz, while some lines of the most abundant molecules have been detected in

galaxies with velocities up to 50000 km s'l, corresponding to a frequency reduction of

up to 17%.

(Ces raies spectrales etant utilisees ega7ement pour) 'observation d'autres ga7axies,

Ies Iargeurs des bandes ment i onnees ci -dessus t1 ennent compte des ef fets Dopp) er

correspondant a des vitesses radiales allant jusqu'a 1000 km s-l, 17 est a noter que HI

a ete observe a des f requences deca lees vers 7e rouge j usqu' a 500 MHz, et que que 7ques

raies spectra7es des molecu7es les p7us abondantes ant ete detectees dans des galaxies
ayant des vitesses a17ant jusqu'a 50000 km s'l, ce qui correspond a une diminution de

frequence pouvant atteindre 17%.

(5) There are six closely spaced lines associated with this molecule at this frequency,

The listed band is wide enough to permit observations of all six lines,

(Six raies spectrales tres proches tes unes des autres a cette frequence sant associees

a cette mo7ecu7e. La bande lndiquee est suffisamment large pour permettre d'observer

toutes ces raies),

(6) This line frequency is not mentioned in Article 8 of the Radio Regulations.

(eette raie spectra/e n'est pas mentionnee par 7e Reg7ement des radiocommunicatlons.

Article 8).



TABLE I I

Radio-frequency lines of the greatest importance to radio astronomy

at frequencies between 275 and 811 GHz

(not allocated in the Radio Regulations)

fRaies de frequence radio d'importance majeure

pour )a Radioastronomie

aux frequences comprises entre 275 et 811 61-1z)

<Dans le RegJement des radiocommunications, iJ n'existe aucune attribution sur (es

frequences)

Substance

Corps

Compose

Rest

frequency

Frequences
au rep os

Suggested

minimum band

Bande mi nimum

suggeree

Oiazenylium INZli+}

Diazenylium

Carbon monoxide (C 180)
Monoxyde de carbone

Carbon monoxide (13CO )

Monoxyde de carbone

Carbon mono5ulphide (CS)

Mono5uJphure de carbone

Carbon monoxide (CO)
Monoxyde de carbone

Hydrogen cyanide (HCN)

Cyanure d'hydrogene

Formylium (HCO+)

Formy)ium

Oiazenylium (NZH+)
Oi azeny) i urn

Water vapour (H20)

Vapeur d 'eau

Carbon monoxide (C 180)

Monoxyde de carbone

Carbon monoxide (13 CO )

Monoxyde de carbone

Carbon monoxide (CO)

Monoxyde de carbone

Heavy water (HOD)

Eau Jourde

279.511 GHz 279.23 . 279.79 GHz

329.330 GHz 329.00 . 329.66 GHz

330.587 GHz 330.25 . 330.92 GHz

342.883 GHZ 342.54 · 343.23 GHz

345.796 GHz 345.45 . 346.14 GHz

354.484 GHz 354.13' 354.84 GHz

356.734 GHz 356.37 · 357.09GHz

372.672 GHz 372.30 . 373.05 GHz

380.197 GHz 379.81 · 380.58 Gllz

439.088 GHz 438.64 . 439.53 GHz

440.765 GHz 440.32 · 441.21 GHz

461.041 GHz 460.57 . 461.51 GHz

464.925 GHz 464.46 . 465.39 Gllz

Carbon (Cl)

Carbone

Water vapour (H 180 )
2

Vapeur d 'eau

492.162 GHz

547.676 GHz

491.66 . 492.66 GHz

547.13 . 548.22 GHz



Water vapour (H2O) 556.936 GHl 556.37 . 557.50 GHl
Vapeur d'eau

Ammonia (15NH3l 571.1l3 GHl 571.54 . 571.69 GHl
Ammoniac

Ammonia (NH 3 ) 572.498 GHl 571.92 . 573.07 GHl
Ammoniac

C'arbon monoxide (CO) 691.473 GHl 690.78 . 692.17 GHl
Monoxyde de carbane

Hydrogen cyanide (HCN) 797.433 GHl 796.64 . 798.23 GHl
Cyanure d'hydrogene

Formylium (HCO+)
801.653 GHl 801.85 . 803.85 GHl

Farmy7 i um

Carbon monoxide (CO) 806.652 GHl 805.85 . 807.46 GHl
Honoxyde de carbone

Carbon (Cr)
809.350 GHl 808.54 . 810.16 GHl

Ca rbone

Resolution No. A 3
Preservation ofRadio Frequencies for Radio Astronomy
Preservation des frequences radio pour la radioastronomie

The XXIst General Assembly of the International Astronomical Union,

noting
Astronomical

interference,
the General

the long·standing concern of the International
Union for protecting radio astronomy from
particularly through resolutions passed at
Assemblies in 1979, 1982, 1985 and 1988:

b. the increasing levels of harmful interference to radio
astronomy. particularly from space and airborne transmitters.
which diminish the advantages of locating observatories at
remote sites:

a.

c. the particularly high levels of harmful interference
experienced consistently in the sub·band 1610.6-1613.8 MHz from
navigation satellites which make observations of
an astrophysically important hydroxyl line increasingly
difficult;

d. that the 1612 MHz hydroxyl I ine has assumed greatly increased
importance since the 1979 World Administrative Radio Conference
due particularly to the discovery of numerous OH/IR stars which
have been used for absolute distance determination in
the Galaxy and for understanding stellar evolution:

e. that the World Administrative Radio Conference for the Mobile
Services (WARC MOB-8ll has also allocated the band 1610­
1626.5 MHz to the Radio-Determination Satellite Service CROSS),
subject to footnote 733E of the Radio Regulations, which states
that in Regions 1 and 3 harmful interference shall not be
caused to the Radio Astronomy Service CRAS). and that in
Region 2 several administrations have agreed to limited
protection for the RAS;



f. that the WARC MOB-B7 in Resolution PLENI1 has invited the CCIR
to continue
concerning
1610-1625.5
among other

its studies in order to obtain more precise results
the concitions of sharing in the band

MHz between the ROSS on the one ha nd and the RAS,
services, on the other:

1. that administrations adhering to the International Astronomical
Union and the International Telecommunication Union strive for
improved protection of the RAS in the 1610.6-1613,8 MHz band by
upgrading the allocation status of the RAS to that of primary
service in this sub-band at WARC 92:

2, that national administrations cooperate with IUCAF to examine
means to prevent harmful interference to observations in
the band 1610.6-1613,8 MHz from global navigation satellite
systems. particularly in designing changes to existing systems
and planning new systems:

3. that IUCAF. representing the IAU.
the invitation to continue studying
the CCIR the conditions for successfully
1626.5 MHz:

respond rapidly to
in Study Group 7 of
sharing the band 1610~

4, that administrations operating satellites or satellite systems
in the aeronautical navigation satellite service at 1.511,6 GHz
frequencies protect the RAS from harmful interference by
appropriately filtering unwanted emissions:

and instructs the President

to bring this Resolution to the attention of the Secretary General
of the International Telecommunication Union, and to support lUCAF
strongly in its efforts to bring this resolution to the attention
of delegations participating in WARC 92,

[CIR Consultative Committee on International Radiocommunications

weAF Inter-Union Commission on Frequency AI1ocations for Radio Astronomy and

Space Science

RAS Radio Astronomy Service

RDSS Radio Determination Satellite Service

WARe wor7d Administrative Radio Conference

La XXle Assemblee generale de 1'Union Astronomique Internationale,

notant

a, l'interet manifeste de longue date par l'Union Astronomique
Internationale pour la protection de la Radioastronomie des
interferences, en particulier par les resolutions adoptees 10rs
des Assemblees Generales de 1979, 1982, 1985 et 1988

b. le niveau croissant des interferences nuisibles affectant
la Radioastronomie, et en particulier celles provenant de
transmetteurs spatiaux ou aeroportes, reduisant de ce fait
1'interet de situer les observatoires dans des sites eloignes :



c, le niveau particulierement eleve des interferences nuisibles
regul ierement observees dans la sous-bande 1610,6-1613,8 MHz
provenant de satellites de navigation qui rendent de plus en
plus difficiles les observations d'une raie importante en
astrophysique de 1'hydroxyle ;

d, que la raie de l'hydroxyle a 1612 MHz a pris un intert"t
croissant depuis la Conference Administrative Mondiale des
Radiocommunications (WARC) de 1979 en raison, en particulier,
de la decouverte de nombreuses etoiles OH/IR qui ont ete
utilisees pour la determination des distances absolues dans
la Galaxie et pour la comprehension de l'evolution stellai re ;

e, que la WARC pour les services mobiles (WARC MOB-8n a egalement
attribue la frequence 1610-1626,5 MHz au Service de
Determination Radio par Satell ite CROSS), en appl ication de
la note 733E du Reglement des radiocommunications, laquelle
precise que dans les Regions 1 et 3 aucune interference
nuisible ne doit etre causee aux services de Radioastronomie
CRAS), et que, dans la Region 2, plusieurs administrations ont
accepte une protection minimale du RAS ;

f, que la WARC MOB-87 dans sa Resolution PLEN/1 a invite le Comite
Consultatif Radio International (CCIR) a poursuivre ses etudes
en vue d'obtenir des resultats plus precis sur les conditions
de partage de la bande 1610-1525,5 MHz entre le ROSS d'une
part, et le RAS, entre autres services, d'autre part;

demande expressement

1. que les organisations adherant a 1 'Union Astronomique
Internationale et a 1 'Union Internationale des
Telecommunication" s'efforcent d'obtenir une protection accrue
du Service de Radioastronomie dans la bande de frequerce
1610,6-1613,8 MHz en elevant la classe de l'allocation au
Service de Radioastronomie a celle d'un service principal pour
cette sous-bande lors de la WARe 92

2, que les administrations nationales cooperent avec l' Inter-Union
Commission pour les Allocations des Bandes de Frequence pour
la Radioastronomie et la Recherche Spatiale CIUCAF) afin
d'Hudier les moyens d'eviter les interferences nuisibles aux
observations dans la bande 1610,6-1613,8 MHz dues aux systemes
de satellites de navigation globale, particulierement par la
planification de la modification des systemes existants et de
la conception de nouveaux systemes

3, que l' IUCAF, representant l'Union Astronomique Internationale,
reponde rapidement a 1'invitation a poursuivre, dans le cadre
du Groupe d'Hude nO 7 du CCIR, l'etude des conditions d'un
partage reussi de la bande 1610-1626,5 MHz ;

4, que les administrations exploitant des satell ites ou des
systemes de satellites dans le service de satellites de
navigation aeronautiques a des frequences comprises entre 1.5
et 1,6 GHz protegent des interferences nuisibles le Service de
Radioastronomie par un filtrage adequat des emissions
indesirables ;



et demande au President

de porter cette Resolution a l'attention du Secretaire General de
1 'Union Internationale des telecommunications, et d'appuyer
fortement l' IUCAF dans ses demarches pour porter cette resolution a
1'attention des delegations participant a la WARC 92,

CCIR Cornite Consu7tatH Radio International

weAF Commission pour 1es A/locations des Bandes de Fn§quence pour

la Radioastronomie et 7a Recherche SpatiaJe

RAS Service de Radioastronomie

RDSS Service de Determination Radio par Sate)7lte

WARe Conference Administrative Mandiale des Radiocommunications

Resolution No, A 4
Recommendations from the Working Group on Reference Systems
Recommandation du Groupe de TravaIl sur Jes Systi:Jnes de re/ereIlce

Recommendations I to IX

The XXlst General Assembly of the International Astronomical Union,

RECOMMENDATION I

considering,

that it is
coordinates
Re 1at i vity ,

appropriate to define several systems of
within the framework of the General

space-time
Theory of

recommends.

that the four space-time coordinates (xO = et, xl, x2 , x3 )
be selected in such a way that in each coordinate system centred
at the barycentre of any ensemble of masses, the squared interval
ds 2 be expressed with the minimum degree of approximation in
the form:

where c is the velocity of light, T is proper time,
the sum of the gravitational potentials of the above
ensemble of masses, and of a tidal potential generated
external to the ensemble, the latter potential
at the barycentre,

and U is
mentioned
by bodies
vanishing



Notes for Recommendation I

1. This recommendation explicitly introduces The General Theory of Relativity

as the theoretica7 background for the definition of the celestial space-time

reference frame,

2, This recommendatioh recognizes that space-time cannot be described by a sing1e

coordinate system because a good choice of coordinate system may significantly

facnitate the treatment of the problem at hand, and e1ucidate the meaning of

the re7evant physica7 events, Far from the space origin, the potential of

the ensemble of masses to which the coordinate system pertains becomes

negligib7e, while the potential of external bodies manifests itself on1y

by tida7 terms which vanish at the space origin.

3. The dl as proposed gives only those terms required at the present level of

observational accuracy. I-/igher order terms may be added as deemed necessary

by users, If the IAU should find it generally necessary, more terms wi7l

be added, Such terms may be added without changing the rest of

the recommendation,

4, The algebraic sign of the potential in the formula giving ds2 is to be taken

as positive,

5, At the level of approximation given in this recommendation, the tidal potential

consists of all terms at least quadratic in the local space coordinates 1'n

"the expansion of the Newtonian potential generated by externa) bodies,

RECOMMENDATION If

bestto the
and,

b)

considering,

al the need to define a barycentric coordinate system with spatial
origin at the centre of mass of the solar system and
a geocentric coordinate system with spatial origin
at the centre of mass of the Earth, and the desirability of
defining analogous coordinate systems for other planets and for
the Moon,

that the coordinate systems should be related
realization of reference systems in space and time,

c) that Ue same physical units should be used in all coordinate
systems,

recommends that,

1. the space coordinate grids with
barycentre and at the centre of
global rotation with respect to a
objects,

origins at the solar system
mass of the Earth show no
set of distant extragalactic

2, the time
by atomic

coordinates be derived
clocks operating on the

from
Earth,

a time scale realized

3, the basic physical units of space-time in all coordinate
systems be the second of the International System of Units (SI)
for proper time, and the SI meter for proper length, connected
to the SI second by the value of the velocity of light c
= 299792458 ms-I,



Notes for Recommendation If

1. This recommendation gives the actual physical structures and quantities that

wiJ7 be used to establish the reference frames and time scales based

upon the ideal definition of the system given by Recommendation f.

2. The kinematic constraint for the rate of rotation of both the geocentric and

barycentric reference systems cannot be perfect7y rea7ized. It is assumed that

the average rotation of a large number of extraga7actic objects

can be considered to represent the rotation of the universe which is assumed to

be zero.

3. If the barycentrlc reference system as defined by this recommendation is used

for studies of dynamics within the so7ar system, the kinematic effects of

the ga7actic geodesic precession may have to be taken into account.

4. In addition. the kinematic constraint for the state of rotation of

the geocentric reference system as defined by this recommendation imp1ies that

when the system is used for dynamics (e.g" motions of the Moon and Earth

sate11ites). the time dependent geodesic precession of the geocentric frame

relative to the barycentric frame must be taken into account by introducing

corresponding inertial terms into tile equations of motion.

5, Astronomical constants and quantities are expressed in SI units without

conversion factors depending upon the coordinate systems in which they are

measured.

RECOMMENDATION III

considering,

the desirability of the standardisation of the units and origins of
coordinate times used in astronomy,

recommends that,

l. the units of measurement of the coordinate times of all
coordinate systems centred at the barycentres of ensembles of
masses be chosen so that they a re consistent with the proper
unit of time, the SI second,

2. the reading of these coordinate times be 1977 January 1.
Oh Om 32.184 s exactly, on 1977 January 1, Oh Om OS TAl exactly
CJD = 2443144.5, TAl), at the geocentre,

3. coordinate times in coordinate systems having their spatial
origins respectively at the centre of mass of the Earth and
at the solar system barycentre, and established in conformity
with the above sections Cl) and (2), be designated
as Geocentric Coordinate Time CTCG) and Barycentric Coordinate
Time CTCBl.



Notes for Recommendation III

1. In the domain common to any two coordinate systems, the tensor

tranSformation law applled to the metric tensor is valid without re-scaling

the unit of time. Therefore, the various coordinate times under

consideration exhibit secu7ar differences. Recommendation 5 (1976) of IAV

Commissions 4, 8 and 31, completed by Recommendation 5 (1979) of IAV

Commissions 4, 19 and 31, stated that Terrestria7 Dynamical Time (TOn and

Ba'rycentric Dynamica1 Time (TDB) shou7d differ only by periodic variations.

Therefore. TOB and TCB di ffer in rate. The relat ionship between these time

scales in second' is given by:

leB - lOB LB x (JO -2443144.51 x 86400.

The present estimate of the value of L
B

is

(Fukushima et al., Celestial Mechanics, 38, 215,

1.550505

19861.

2. The relation TCB -TCG involves a fu11 4-dimensional transformation

-2 . t 2
TCB -rCG = c [J (V e /2 + Uext (xe})dt + ve·(X x e )),

to

xe and ve denoting the barycentric position and velocity of the Earth's centre

of mass and x the barycentric position of the observer. The external potential

U
ext

is the Newtonian potential of al7 solar system bodies apart from

the Earth. The external potential must be evaluated at the geocentre. In

the integra 1. t = TCB and to is chosen to agree wi th the epoch of Note 3.

As an approximation to TCB -TCG in seconds one might use:

-2
TCB -rCG = L

C
x (JO -2443144.5) x 86400 + C ve·(x Xe) + P.

The present .estimate' of the value of Le is 1.480813 x 10-8
(± 1 x 10'14)

(Fukushima'et a7., Celestial Mechanics, 38, 215,1986). It may be written

as f3GM/2c
2

aJ + E where G is the gravitational constant, M is the mass of

the Sun, a is the mean heliocentric distance of the Earth, and E is a very

small term (of order 2 x 10- 12 ) arising from the average potentia7 of

the planets at the Earth. The quantity P represents the periodic terms which

can be evaluated using the analytical formula by Hirayama et al., ("Analytica1

Expression of TOB-TOT
o
', in Proceedings of the IAG Symposia, lUGG XIX General

Assemb1y, Vancouver, August 10-22, 1987). For observers on the surface of

the Earth, the terms depending upon the1r terrestrial coordinates are diurna1.

with a maximum amplitude of 2.1 ~s.

arb1trarlly set so that these times

Time (TT) of Recommendation IV

Om as TAl. (See Note 3 of

with the Terrestria1

on 1977 January 1, Oh

coincide

at the geocentre

Recommendation IV,)

The origins of coordinate times have been

all

3.

4. When rea7izations of TCB and rCG are needed, it is suggested that these

realizations be designated by expressions such as TCB(xxx), where xxx indicates

the source of the realized time sca7e (e.g., TAl) and the theory used for

the transformation into TCB or rCG.



RECOMMENDATION IV

considering.

a) that the time scales used for dating events observed from
the surface of the Earth and for terrestrial metrology should
have as the unit of measurement the SI second. as realized
by terrestrial time standards.

b) the definition of the International Atomic Time. TAl. approved
by the 14th Conference Generale des Poids et Mesures (1971) and
completed by a declaration of the 9th session of the Comite
Consultatif pour la Definition de la Seconde (1980).

recommends that.

1) the time reference
be Terrestrial Time.

for
TT.

apparent geocentric ephemerides

2) TT be a time scale differing from TCG of Recommendation III
by a constant rate. the unit of measurement of TT being chosen
so that it agrees with the SI second on the geoid.

3) at instant 1977 January 1. Oh Om OS TAl exactly. TT have
the reading 1977 January 1. Oh Om 32,184s exactly,

Notes for Recommendation IV

1. The basis of the measurement of time on the Earth is Internationa7 Atomic

Time (TA]) which is made available by the dissemination of corrections to

be added to the readings of national time scales and clocks. The time

scale TAl was defined by the 59th session of the Cornite International des Poids

et Mesures (1970) and approved by the 14th Conference Genera le des Poids et

Mesures (1971) as a rea7ized time sca7e. As the errors in the real1zation of

TAl are not always negligible, it has been found necessary to define an ideal

form of TAJ, apart from the 32.184$ offset. now designated Terrestrial Time,

TT,

2. The time sca1e TAl is established and disseminated according to the principle

of coordinate synchronization. in the geocentric coordinate sytem, as explained

in CCOS, 9th Session (]980) and in Reports of the CCIR. 1990, annex to

Volume V)[ (]990),

3. In order to define TT it is necessary to define the coordinate system

precisely, by the metric form, to which it belongs. To be consistent with

the uncertainties of the frequency of the best standards, it is

at present (]99lJ sufficient to use the relativistic metric given in

Recommendation I.

4. For ensuring an approximate continuity with the previous time arguments of

ephemerides. Ephemeris Time, ET, a time offset is introduced so that TT-TAl

= 32.184 5 exactly at 1977 January 1, Oh TAl. This date corresponds to

the implementation of a steering process of the TAl frequency. introduced so

that the TAl unit of measurement remains in close agreement with the best

realizations of the SI second on the geoid. TT can be considered as equivalent

to TOT as defined by IAV Recommendation 5 (]976) of Commissions 4.8 and 31.

and Recommendation 5 (1979) of Commissions 4, 19 and 31.



5. The divergence between TAl and TT is a consequence of the physical defects of

atomic time standards. In the interval 1977-1990, in addition to the constant

offset of 32,184 5
, the deviation probab1y remained within the approximate

limits of ± 101-15, It is expected to increase more slowly in the future

as a consequence of improvements in time standards, In many cases. especial1y

for the pUb7ication of ephemerides. this deviation is negligible. In such

cases, it can be stated that the argument of the ephemerides is TAl + 32,184
s ,

6. Terrestrial Time differs from TeG of Recommendation Ell by a scaling factor. in

seconds:

TeG -TT ~ LG x (JO -2443144.5) x 86400.

-10 -16
The present estimate of the value of L

G
is 6.969291 x 10 (t 3 x 10 ),

The numerical value is derived from the latest estimate of gravitational

potentia) on the geoid, W 62636860 (t 30) m2// (Chovitz, Bulletin

Geodesique, 62, 359. 1988>. The two time scales are distinguished by different

names to avoid scaling erro(s. The relationship between Le and Le of

Recommendation Ill. notes 1 and 2, and L
G

is, Le = Le + L
G

,

7, The unit of measurement of TT is the SI second on the geoid. The usual

multiples, such as the TT day of 86400 SI seconds on the geoid and the TT

Julian century of 36525 TT days, can be used provided that the reference to TT

be c7ear7y indicated whenever ambiguity may arise. Corresponding time

intervals of TAl are in agreement with the TT intervals within

the uncertainties of the primary atomic standards (e.g., within ± 2 x 10- 14 in

relative value during 1990).

8. Markers of the TT scale can fo/low any date system based upon the second, e.g.,

the usual calendar date or the Julian Date, provided that the reference to TT

be clear7y indicated whenever ambiguity may arise.

9. It is suggested that realizations of TT be designated by TT(xxx) where xxx is

an identifier. In most cases a convenient approximation is:

TT([A/) = TAl + 32.184 S

ftowever, in some app1ications it may be advantageous to use other realizations,

The BIPM, for example. has issued time scales such as TT(BIPM90J.

RECOMMENDATION V

considering,

that important work has already been performed using Barycentric

Dynamical Time eTDB), defined by IAU Recommendation 5(976) of IAU

Commissions 4, 8 and 31, and Recommendation 5 (1979) of IAU

Commissions 4, 19 and 31,

recognizes.

that where discontinuity with

be undesirable, TDB may be used_

previous work i s deemed to



Note to Recommendation V

Some astronomical constants and quantities have different numerica7 va7ues depending

upon the use of TOB or TCB. When giving these values, the time sca7e used must

be speci fied.

RECOMMENDATION VI

considering,

the desirability of
barycentri c reference
extragalactic objects,

implementing a conventional celestial
system based upon the observed positions of
and,

noting,

various
Ea rth
Ea rth

cons tructed by
International

used for

frames
by the

a frame

of tentative reference
and combined
(IERS) into

the existence
institutions
Rotation Service
rotation series,

recommends,

1. that intercomparisons of these frames be extensively made in
order to assess their systematic differences and accuracy,

2, that an IAU Working Group consisting of members of Commissions
4, 8. 19, 24. 31 and 40. the IERS, and other pertinent experts.
in consultation with all the institutions producing catalogues
of extragalactic radio sources, establish a list of candidates
for primary sources defining the new conventional reference
frame, together with a list of secondary sources that may later
be added to or replace some of the primary sources, and,

reguests,

1. that such a 1ist be presented
Assembly (1994) as a part of
conventional reference system,

to the XXIInd General
the definition of a new

2. that the objects in this list be systematically observed by all
VLBI and other appropriate astrometric programmes.

Note for Recommendation VI

This recommendation essentially describes the first part of the work that must

be done to prepare the realization of the reference system defined

by Recommendations I and Il. The choice of objects must be made in the first place

by considering their observability by VLBI, but specia1 care should be taken to

include a large proportion of extraga7actic radio sourceS with well identified

optical counterparts.



RECOMMENDATION VII

considering.

a ) that the new
should be as
equinox and
J2000.0.

conventional celestial barycentric reference frame
close as possible to the existing FK5 equator and
~he dynamical equinox which are referred to

b) that it should be accessible to astrometry in visual as well
as in radio wavelengths.

recommends.

1. that the
referenc~

at J 2000.0
be as near

principal plane of the new conventional celestial
'system be as near as possible to the mean equator

and that the origin in this principal plane
as possible to the dynamical equinox of J2000.0.

2. that the positions of the extragalactic objects selected in
accordance with Recommendation VI and representing
the reference frame be computed initially for the equator and
equinox J2000.0 using the .best available values of
the celestial pole offset with respect to the IAU expressions
for precession and nutation.

3. that a great effort be made to
types. in particular the FK5.
reference frames.

compare reference
solar system and

frames of all
extragalactic

4. that observing programmes be undertaken or continued in order
to relate planetary positions to radio and optical objects. and
to determi ne the rel at i onshi p between cata 1ogues of
extragalactic source positions and the best catalogues of star
positions. in particular the FK5 and Hipparcos catalogues.

Notes for Recommendation VII

1. This recommendation specifies the choice of the coordinate axes that wi7)

be adopted in the final reference frame and describes the work to be done

before such a frame can be constructed. Although the considerations call for

visual and radio wavelengths for the primary catalogue, other observable

wavelengths are not excluded. Positions of objects observed in other

wavelengths should also be referred to the same system.

2. The objective set by this

discontinuity in the positions

by the extragalactic reference

recommendation is that there should be no

of stars when the present FK5 frame is replaced

frame. This means that the position of

the extragalactic objects shou7d be in the FK.5 system for J2000 O. It is

acknow7edged that the best values of precession and nutation must be used in

order to avoid introducing spurious proper motions into the positions of
extragalactic objects. The final transfer to the preferred equinox and

principal plane will be done by applying a rotation at J2000.0.



3. The dynamical equinox in this recommendation is defined as the intersection of

the mean equator and the ecliptic. The latter is defined as the uniformly

rotating plane of the orbit of the Earth-Moon barycentre averaged over

the entire period for which the ephemerides are valid. Since it is ephemerls

dependent. the choice of the equinoctial point wiJ7 be made using the most

accurate and generally available ephemerides of the solar system at the time.

4. The definition given to the reference system by Recommendations and [1

imp71es the stability in time of the system of coordinates rea1ized

by the celestia7 reference frame. The directions of the coordinate axes shou7d

not be changed even if at some 7ater date the realizations of the dynamical

equinox or the ce7estria1 ephemeris po7e are improved. Simi /ar7y.

modifications to the set of extragalactic objects realizing the reference

system shou7d be made in such a way that the di rections of the axes are not

changed. This means that once the coordinate axes have been specified. in

the way described in the fi rst part of the recommendation.

the connection between the definition of the conventional reference system and

the peculiarities of the Earth's kinematics wil7 have been severed.

5. As long as the relationship between the optical and the extragalactic radio

frames is not sufficiently accurately determined. the FK5 ta/ague sha17

be considered as a provisional realization of the celestial reference system in

optica7 wave7engths.

RECOMMENDATION VIII

recognizing,

al the importance to astronomy of adopting conventional values of
astronomical and physical constants,

bl that values of these constants should be unchanged unless they
differ significantly from their latest estimates,

c) that estimates of these constants should be improved frequently
to represent the current status of knowledge,

d) the necessity of
numerical values,

providing
and,

standard procedures using these

noting,

a) that the MERIT Standards and
significantly to the progress

IERS Standards
of astronomy and

have contri buted
geodesy,

b) that numerical
as a system of
quality, and

values
constants

in
in

these standards have
analyzing observations

served
of high

considering,

that procedures in these standards do not cover the whole of
fundamenta 1 astronomy,



recommends.

that a permanent working group be organized by Commissions 4. 5.
8. 19. 24 and 31. in consultation with the JAG and the IERS. in
order to update and improve the system of astronomical units and
constants. the list of estimates of fundamental astronomical
quantities and ,standard procedures; this group shall:

1. prepa re a draft report
constants at least
As semb 1y' (994).

on the system of astronomical units and
six months before the XXIInd General

2. prepare a draft list of best estimates of astronomical
quantities at least six months before each following General
Assembly.

3. prepare. at least six months
Assembly. a draft report on
fundamental astronomy. which.

before each following General
standard procedures needed in

a) should have a maximum degree of compatibi 1ity with the IERS
Standa rds.

b) should include the implementations of procedures in the form
of tested software and/or test cases.

c) should be available not only in written form. but also in
machine·readable form.

4. prepare a draft report on possible electronic access to these
units. constants. quantities and procedures at least six months
before the XXIInd General Assembly (994).

RECOMMENDATION IX

recognizing.

that a generally accepted
including all known effects
is not yet available.

recommends.

non·rigid Earth theory of nutation.
at the one tenth milliarcsecond level.

1. that those satisfied with accuracy of the nutation angles (E or
f sinEo ) numerically greater than ± 0.002" (one sigma rms) may
continue to use the 1980 IAU Nutation Theory (P.K. Seidelmann.
Celestial Mechanics. 27. 79. 1982).

2. that those requiring values of the nutation angles more
accurate than ± 0.002" (one sigma rms) should make use of
the Bulletins of the IERS which publish observations and
predictions of the celestial pole offsets accurate to about
± 0.0006" (one sigma rms) for a period of up to six months in
advance.



3. that the IUGG be encouraged to develop and adopt an appropriate
Earth model to be used as the basis for a new IAU Theory of
Nutation.

(eIR Consultqtive Committee on International Radiocommunications

fAG International Association of Geodesy

fUGS International Union of Geodesy &Geophysics

lERS International Earth Rotation Service

Resolution A4: Recommandations du Groupe de travail sur les
Systemes de reference

Recommandations I a IX

La XXIe Assemblee generale de 1 'Union Astronomique Internationale,

RECOMMANDATIDN I

considerant

qu'il convient de dHinir, dans le cadre
la Relativite generale, plusieurs systemes de
tempore 11 es,

de la theorie de
coordonnees spat i 0-

recommande

que les coordonnees spatio-temporelles (x D = et, xl, x2 , x3 ) soient
choisies de telle fac;on que dans chaque systeme de coordonnees,
centre au barycentre de tout ensemble de masses, le carre ds 2 de
l'intervalle soit exprime au plus faible 'niveau d'approximation
sous 1a forme :

ou c est la vitesse de la lumiere, T le temps propre et U la somme
des potentiels de gravitation de l'ensemble de masses considere et
d'un potentiel de maree engendre par les corps exterieurs a cet
ensemble, ce potentiel etant ecrit de fac;on a s'annuler au
barycentre.

Notes pour la recommandation I

1. Cette recommandation introduit exp7icitement )a theorie de la ReJativite

generaJe comme base pour la definition du repere de reference spatio-tempore)

ce1este.



2. Cette recommandation reconna1t que] 'espace-temps ne peut pas §tre decrit par

un systeme de coordonnees unique parce qu'un choix judicieux d'un systeme de

coordonnees peut faciliter de far;on significative la resolution des prob7emes

et clarifier la signification physique des phenomenes qui s'y rapportent.

Lorsqu'on se tro,uve loin de 7 'origine spatia le, le potentiel de 1 'ensemble de

masses aL!qu'el appartient le systeme de coordonnees devient negligeable aJors

que le potentiel des eorps exterieurs se manifeste seulement par des termes de

marees qui disparaissent a 1 'origine.

]. Le ds2 propose ne comprend que les termes necessaires au niveau aetue7 de

la precision des observations. Des termes d'ordre plus eleve peuvent ~tre

ajoutes si 1es utilisateurs le jugent uUle. Si 1 'VAl ] 'estime neeessaire de

fa<.;on genera1e, on ajoutera d'autres termes, Cette addition pourra ~tre faite

sans changer le reste de la recommandation.

4. Le potentiel dans 7a formu)e donnant le ds 2 doit etre d(Hini avec le signe

p7us.

5. Au niveau de 1'approximaUon qu'implique cette recommandation, 7e potentie) de

maree comprend tous tes termes du deuxieme degre au moins par rapport aux

coordonnees spatia7es 7oca7es dans le developpement du potentiel newtonien cree

par Jes corps exterieurs.

RECOMMANDATION II

cons i derant

a) la necessite de definir un systeme de coordonnees
barycentriques ayant pour origine spatiale le centre de masse
du systeme solai re et un systeme de coordonnees geocentriques
ayant pour origine spatiale le centre de masse de la Terre,
ainsi que l'avantage qu'il y aurait a definir les systemes de
coordonnees analogues pour d'autres planetes et pour la Lune,

b) que les systemes de coordonnees devraient correspondre aux
meilleures realisations des systemes de reference spatiaux et
temporels,

c) que les memes unites physiques devraient etre utilisees dans
tous les systemes de coordonnees,

recommande que

I . les reseaux de coordonnees spatiales ayant pour
barycentre du systeme solaire et le centre de masse
ne presentent pas de rotation globale par rapport a
d'objets extragalactiques eloignes,

origine le
de 1a Terre
un ensemble

echel le de temps
atomiques en

derivent d'une
des horloges

2. les coordonnees temporelles
cons trui te en uti 1i sant
fonctionnement sur la Terre,

3. les unites physiques de base pour l'espace-temps dans tous les
systemes de coordonnees soient la seconde du Systeme
international d'unites (SI) pour le temps propre et le metre SI
pour les longueurs propres, lie a la seconde SI par la valeur
de la vitesse de la lumiere c ; 299792458 ms-I.



Notes pour 7a recommandation 11

1. Cette recommandation indique les structures et tes quantites physiques qui

seront ut17isees pour construire les reperes de reference et )es echelles de

temps bases sur 7a:definition idea7e du systeme donnee par la recommandation 1.

2. La contrainte cinematique relative a )a rotation des systemes de reference

geocentrique et barycentr'ique ne peut ~tre realisee de far:;on parfaite. On fait

7 'hypoth.ese que 7a rotat i on moyenne d' un grand nombre d 'objets ext raga 7act i ques

peut ~tre consideree comme representant la rotation de 1 'Univers que 1 'on admet

Hre nu77e.

3, Si le systeme de reference barycentrique, te1 qu'iI est defini par cette

recommandation, est utilise dans des etudes de dynamique dans le systeme

solaire, les effets cinematiques de la precession geodesique d'origine

ga1actique peuvent devoir ~tre pris en compte.

4. De p1us. 7a contrainte cinematique re7ative a 1 'etat de rotation du systeme de

reference geocentrique. tel qu'i7 est defini par cette recommandation, implique

que si on effectue des etudes de dynamique dans ce systeme (par exemp7e Jes

mouvements de la Lune QU des satel7ites de la Terre), tes effets variables avec

le temps de la precession geodesique du repere geocentrique par rapport au

repere barycentrique doivent ~tre pris en compte en introduisant Jes termes

d'inertie correspondants dans les equations du mouvement.

5. Les constantes et grandeurs astronomiques seront exprimees en unites du Systeme

international (SI) sans facteurs de conversion qui dependraient des systemes de

ceordonnees dans 1esquels e17es sent mesurees.

RECOMMANOATION III

considerant

qu'il est souhaitable de normaliser les unites et les origines des
temps-coordonnees utilises en astronomie,

recommande que

1. les unites d'echelle des temps-coordonnees de tous les systemes
de coordonnees centres au barycentre d'ensembles de masses
soient choisies de sorte qU'elles soient toutes compatibles
avec l'unite de temps propre, la seconde du SI.

1977 janvier 1.
1. Oh Om OS TAl

2. les lectures de ces temps-coordonnees soient
Oh Om 3~,'184s exactement pour 1977 janvier
exactement (JO = 2443144,5, TAl), au geocentre,

3. les temps-coordonnees dans les systemes de coordonnees qui ont
leur origine spatiale respectivement au centre de masse de
la Terre et au barycentre du systeme solaire et qui sont
etablis conformement aux sections 1. et 2. ci-dessus soient
des ignes par Temps-coordonnee geocentrique (TCGl et Temps­
coordonnee barycentrique (TCBl.



Notes sur la recommandation III

1. Oans 1e domalne commun a deux systemes de coordonnees quelconques. 7a 70i de

transformatlon tensoriel7e appliquee au tenseur metrique est va1ab7e sans

modiflcation supplementalre de J 'unite de temps. En consequence. la difference

des temps-coordonnees de ces systemes presente une variatlon seculaire.

La Recommandatiod 5 (1976) des commissions de 1 'VAI 4. 8 et 31. comp7etee par

la Recommandation 5 (1979) des commisslons de 1 'VAI 4. 19 et 31. specifie que

7e Temps dynamlque terrestre (TOT) et le Temps dynamlque barycentrlque (TOB) ne

doivent dlfferer que par des varlations periodlques. 17 en resulte que TOe et

TCe ont une difference de marche. La relation entre ces echelles de temps. en

secondes. est don nee par

TC8 - TD8 l8 x (JD -2443144.5) x 864DO.

La va7eur actue71ement estlmee de Le est

(Fukushima et a7., Ce1estial Mechanics. 38, 215.

1,550505

1986) .

2. La reJation TCB -TCG exige une transformatjon quadri-djmensjonne7le compl~te

TCB -TCG '" c· 2 [J t(v/12 + V
ext

(xe))dt + ve·(X - xe )].

to

X
e

et v
e

desjgnant la position et 7a vitesse barycentrjques du centre de masse

de la Terre et x la position barycentrique de ] 'observateur. Le potentiel

exterjeur U est le potentiel newtonien de tous les corps du systeme solajre,
ext

sauf la Terre. Oans I'integrale. t "" TCB et i
o

est choisj pour ~tre en accord

avec les origjnes specjfjees par la note 3. Comme approxjmation de TCB ·TCG,

exprime en secondes. on peut utiliser

-2
TCB ·TCG '" Le x (JO -2443144.5) x 86400 + C ve·(X - X

e
) + P.

La va7eur aciue]lement estimee de Le est 1,480813 x 10. 8
(t 1 x 10"14)

(Fukushima et al., Celestial Mechanics, 38, 215. 19861. Le peut ~tre exprime

par UGM/2c
Z

aJ + E ou G est la constante de la gravitation, M est la masse du

So7eil, a est 7a distance heJiocentrique moyenne de la Terre. et ou E est

un tres petit terme (de J 'ordre de 2 x 10,12) provenant du potentieJ des

planetes au njveau de Ja Terre. La quantjte P represente 1es termes periodjques

qui peuvent ~tre evalues en utiJisant la formu7e analytique de Hirayama et a7,

("Analytical Expression of TOB-TOT
o

" , in Proceedings of the IAG Symposia. UGGI

X/Xe Assemb7ee genera7e, Vancouver, 10-22 aoOt. 1987), Pour des observateurs

sur )a surface de la Terre, les termes dependant de 7eurs coordonnees

terrestres sont diurnes. avec une amplitude maximaJe de 2.1 ~s.

3_ Les ort gj nes des temps-coordonnees ant ete arbitrairement fi xees de sorte que

ces temps coincident tous avec le Temps terrestre (TT) de I a Recommandation IV.

au geocentre. pour 1977 janvier I, Oh Om OS (Voir note 4 de

la Recommandation I V) _

4. Quand des realisations de TCB et TCG sont necessaires. i7 est suggere que ees

realisat1'ons soient designees par des expressions te)les que TCB(xxx), 00 xxx

indique 7a source de I 'eche7le de temps realisee (par exemp7e TAl) et

la theorie utilisee pour 7a transformation en TCB ou en TCG.



RECOMMANDATION IV

considerant

a) que les echelles de temps utilisees pour dater les evenements
observes depuis la surface de la Terre ainsi que pour
la metrologie terrestre doivent avoir comme unite d'echelle
la seconde du SI, telle qu'elle est realisee par des etalons
terrestres de temps,

b) la definition du Temps atomique international (TAl), approuvee
par la 14e Conference generale des poids et mesures (971) et
completee par une declaration de la ge session du Comite
consultatif pour la definition de la seconde (1980),

recommande que

II 1a reference
geocentriques

temporelle pour les
soit le Temps terrestre

ephemerides
(TT) ,

appa rentes

2) TT soit une echelle de temps differant du TCG de
la Recommandation III par une marche constante, l'unite
d'echelle de TT etant choisie de sorte qU'elle s'accorde avec
la seconde du SI sur le geojde,

3) iI l'instant 1977 janvier 1, Oh Om OS TAl exactement, la lecture
de TT soit 1977 janvier I, Oh Om 32,184 s exactement,

Notes sur la Recommandation IV

1. La base de la mesure du temps sur 7a Terre est le Temps atomique international

(TAl) qui est mis a la disposition de ses uti7isateurs par la publication de

corrections a ajouter aux lectures des eche/les de temps et hor7oges

nationaJes. L 'echeJ7e de temps TAl a ete definie par la 5ge session du Comite

international des paids et mesures (1970) et approuvee par la 14e Conference

generale des paids et mesures (1971) camme une eche/7e de temps rea7isee. Gamme

les erreurs dans la rea7isation du TAJ ne sant pas toujours negligeab7es. on

a juge necessaire de definir une forme ideale du TAJ. rois a part 1e d~ca1age de

32,184s, qui est maintenant designee par Temps terrestre, TT.

2. L '~che11e d~ temps TAl est etablie et disseminee suivant le principe de

la synchronisation coordonnee, dans 1e systeme de coordonnees geocentrique,

comme cela est exp7ique dans )es documents CCDS, ge session (980) et Rapports

du CClR, 1990, annexe au Volume VII (1990).

3. Afin de definir TT, j] est necessaire de definir precisement le systeme de

coordonnees auquel i) appartient en donnant sa metrique relativiste. Compte

tenu des incertitudes en frequence des mei71eurs etalons, il suffit a present

(1991) d'employer 7a metrique donnce dans la Recommandation I.

4. Pour assurer une continuite approximative avec 1 'argument tempore7 precedemment

uti lise pour les ephemerides, le Temps des ephemerides TE, un decalage de temps

est introduit de sorte que TT - TAl = 32,184 s exactement pour 1977 janvier 1,

Oh TAl. Cette date correspond a la mise en pratique d'un pilotage de

la frequence du TAl, introduit pour que 7 'unite d'echel1e du TAl reste en

accord etroit avec les meilleures realisations de la seconde du SI sur 7e

geofde. On peut considerer que TT est equivalent au TOT defini par

la Recommandation 5 (1976) des commissions de 1 'VAl 4, 8 et 31 et par

1a Recommandation 5 (1979) des commissions de 7 'VAl 4, 19 et 31.



5. La divergence entre TAl et TT est une consequence des defauts physiques des

ctalons atomiques de temps, Dans l'intervalle 1977-1990, outre le decaJage

constant de 32, 184 s , 1 'ecart entre TAl et TT est probab)ement reste entre les

1imites approximatives de ± 10~s. On espere que cet ecart s 'accroftra p7us

lentement a 7 'avenir, par suite de 7 'amelioration des etalons de temps. Dans

bien des cas, en particulier pour la publication d'ephemerides, cet ccart est

neg)igeab7e, Dans ces cas, on peut declarer que) 'argument des ephemerides est

TAl + 32,184'.

6. Le Temps terrestre TT differe du TCG de la Recommandation III par un facteur

d'eche77e: on a, en secondes:

TeG - TT " lG x (JO -2443144,S) x 86400,

La va1eur actue71ement estimee de L
G

est 6,969291 x 10- 10 (± 3 x 1O~16). Cette

va7eur numerique est deduite de 1a derniere estimation du potentie7

gravitationne7 sur le geofde, W = 62636860 (± 30im2 /s 2 (Chovitz, Bu71etin

Geodesique, 62, 359,1988). Les deux eche1Jes de temps sont distinguees par

des noms differents afin d'eviter les erreurs de facteur d'echelJe, La reJation
entre les quantites LB et L

C
de la Recommandation Ill. notes 1 et 2, et L

G
est

le " le + lG'

7. L 'unite d'eche71e de TT est la seconde du SI sur le geoi'de. Les mu1tiples

usue)s, te7s que Je Jour de TT de 86400 secondes du Sf sur 7e geoTde et le

si~c1e ju7ien de TT de 36525 jours de TT, peuvent etre emp)oyes, pourvu que

7a reference au TT soit c1airement indiquee chaque fois qu'17 peut y avoir

ambigOite. Les interval)es d'echelJe correspondants de TAl et de TT ont des

durees qui s'accordent dans )a 7imite des incertitudes des etaJons atomiques

primaires (par exemp7e a moins de ± 2 x 10- 14 en va7eur reJative, en 1990).

8. Les reperes de 1 'echeJle TT peuvent suivre n'importe queJ syst~me de datation

base sur 7a seconde, par exempJe 7a date du caJendrier habitue17e ou 1a Date

Ju1ienne, pourvu que la reference au TT soit c1airement indiquee chaque fois

qu'il peut y avoir ambigDite.

9, IJ est suggere que les realisations de TT soient designees par TT(xxx) oil xxx

est un identificateur. Dans la pJupart des cas une approximation convenable

est:

TT(1A() " TA( + 32,184'.

Cependant, dans certaines app7ications, 17 peut etre avantageux d'uti7iser

d'autres realisations. Le BIPM, par exemp7e, a produit des echel1es de temps

te))es que TT(eIPM90) ,

RECOMMANOATION V

cons i decant

que des travaux impartants ant deja He real ises en emplayant le
Temps dynamique barycentrique eTOB), defini par la Recommandation 5
(1976) des commissions de l'UAI 4, 8 et 31 et la Recommandation 5
(19791 des commissions de 1 'UAI 4, 19 et 31,

reeonnalt

que larsqu'une discontinuite avec les travaux anterieurs est jugee
indesirable, TOB peut etre utilise,



Note sur la Recommandation V

Certa i nes grandeurs et constantes astronomi ques ont des va 1eurs num~rjques qui

dependent de 7 'usage ~? TOB ou de TCB. Quand on donne ces valeurs, ) '~che71e de

temps employ~e doft ~tre sp~cifiee.

RECOMMANOATION VI

considerant

qu'il est souhaitable de realiser
barycentrique conventionnel base
d'objets extragalactiques et

un systeme
sur les

de reference celeste
positions observees

notant

l'existence de reperes de reference experimentaux, construits par
divers etablissements et dont la combinaison etablie par le Service
international de la rotation terrestre (IERSl constitue un repere
utilise pourdecrire la rotation de la Terre,

recommande

1. qu'on effectue de fa<;on extensive des comparaisons entre ces
reperes afin d'etablir leurs differences systematiques et leur
exactitude,

2, qu'un groupe de travail de l'UAl, comprenant des membres des
Commissions 4. 8. 19. 24, 31. 40 et de l'IERS ainsi que
d'autres experts, en consultation avec tous les instituts
produisant des catalogues de radio-sources extragalactiques.
etabl isse une 1iste de sources primaires definissant le nouveau
repere conventionnel de reference ainsi qu'une liste de sources
secondaires qui pourraient ulterieurement etre ajoutees. ou
remplacer certaines sources primaires,

et demande

1. que cette liste
l' UAI en 1994
nouveau systeme

soit presentee a la XXlIe Assemblee generale de
a titre de contribution a la definition du
conventionnel de reference,

2. que les objets de cette 1iste soient
en radio-interferometrie a longue
programmes astrometriques appropries,

systematiquement
base et par

observes
d'autres

Note pour la Recommandation VI

Cette recommandation decrit essenUel1ement la premiere partie du travail qui doH

~tre effectue pour preparer 7a r~alisation du systeme de reference defini par les

recommandations [ et lI. Le choix des objets de reference doft ~tre fait en tenant

compte en premier 1ieu de 7eur observabi7ite par 7a radio·interferometrie ~ longue

base, ma i s on prendra soi n d' i nc 7ure ure proport ion importante de radi o· sources

extragalactiques ayant des contreparties optiques bien identifiees.



RECOMMANDATION VII

considerant

a) que le nouveau repere barycentrique celeste conventionnel de
reference devrait se rapprocher autant que possible des
equateur et equinoxe FK5 existants ainsi que de l'equinoxe
dynamique, rapporti!s a I'epoque J2000.0,

b) qu'il devrait etre accessible aux
aussi bien en lumiere visible qu'en

instruments
ondes radio,

astrometriques

.recommande

1. que le plan principal du nouveau systeme celeste conventionnel
de reference soit aussi proche que possible de l'equateur moyen
de J2000,O et que l'origin2 sur ce plan principal soit aussi
proche que possible de l'equinoxe dynamique de J2000,O,

2, que les positions des objets extragalactiques selectionnes en
conformite avec la recommandation VI et representant le repere
de reference, soient initialement calculees pour l'equateur et
l'equinoxe de J2000,O en utilisant les meilleures corrections
disponibles a la position du pole celeste de J2000,O donnee pnr
1es express ions adoptees pa ri' UAI pour 1a precess i on et
la nutation,

soit fait pour comparer les reperes de
types, en particulier le FK5, les reperes
le systeme solaire et les reperes

qu'un grand effort
reference de tous
dynamiques dans
extragalactiques,

4, que l'on entreprenne ou continue tous programmes d'observation
destines a rapporter les positions des planetes a des objets
emettant en ondes radio ou en lumiere visible et a determiner
les relations qui existent entre les catalogues de positions de
sources extragalactiques et les meilleurs catalogues de
positions d'etoiles, notamment les catalogues FK5 et HIPPARCOS,

3,

Notes pour 7a Recommandation VII

1. Cette recommandation specifie les axes de coordonnees qui seront adoptes pour

7e repere de reference dNinitif et decrit le travai1 qu'lJ faut effectuer

avant que 7 'on puisse construire un te] repere. Bien que les considerants se

referent, pour 7e catalogue primaire, dUX 70ngueurs d'onde vlsue17es et radio,

d'autres longueurs d'onde observab7es ne sont pas exc7u€s, Les positions des

objets observes dans d'autres longueurs d'onde devront egaJement etre

rapportees au meme systeme.

2. L'objectif etab7i par cette recommandation est qU'1J ne doH pas y 8voir de

discontinuit~ dans 7es positions des ~toi les Jorsque le repr?re FKS actue7

sera remplace par 7e rep~re de reference e:><traga1actique. Ceci signifie que 7es
positions des objets extragalact"iques devrOllt etre donnees da-ns le syst~me FKS

pour J2000,O, On reconnart que, pour ce faire, les meilleures valeurs de

la precession et de la nutation doivent etre utilisees afin d'eviter que des

mouvements propres fictifs soient introduits dans 1a position des obJets

extraga7actiques, La transformation finale pour se referer a 1 'equinoxe et au

plan principa7 adopt~s sera faite en appJiquant une rotation a 1 'instant

J2000.0.



3. L 'equinoxe dynamique. dans cette recommandation, est defini comme

1 'intersection de I 'equateur mayen et de ]'ecliptique. Ce dernier est consider€'

comme 7e p7an de 7 'orbite du barycentre Terre/Lune, en rotation uniforme

moyennee sur I'intervalle de validite des ephemerides. Comme le choix de

I 'equinoxe depend :ainsi des ephemerides, on prendra les ephemerides du syst~me

solaire. ,genera7ement disponib7es, qui seront les plus exactes en temps voulu.

4, La definition du systeme de reference donnee par les Recommandations I et 1I

imp1ique 1a stabilite dans le temps du systeme de coordonnees rea7ise par )e

repere de reference ce7este. Les directions des axes de coordonnees ne doivent

pas @tre changees, m@me si J que1que date ulterieure les realisations de

I'equinoxe dynamique DU du P67e ce7este des epMmerides sant ame1iorees, De

la meme mani~re, des modifications de I 'ensemble des objets extraga7actiques

qui rea7isent le systeme de reference doivent etre faites de telle sorte que

les directions des axes ne soient pas changees. Ce7a signifie qu'une fois que

les axes de coordonnees ont ete speci fies, comme cela est indique par

7a premiere partie de la recommandation, la connexion entre 1a definition du

syst~me conventionnel de reference et les particu7arites des mouvements de

)a Terre doit etre abandonnee,

5, Tant que 7a relation entre 7e rep~re optique et )e repere extraga1actique radio

n'est pas etablie avec une exactitude suffisante. 7e catalogue FK5

sera considere comme une rea7isation provisoire du systeme de reference

ce7este, pour les )ongueurs d'onde optique.

RECOMMANDATION VIII

reconnaissant

a) l'importance pour
conventionnelles de

l'astronomie de l'adoption de valeurs
constantes astronomiques et physiques,

b) que les valeurs de ces constantes doivent demeurer inchangees a
moins qu'elles ne different significativement de leur plus
recente estimation,

c) que l'estimation
amelioree afin de

de ces constantes doit etre frequemment
representer l'etat actuel des connaissances,

d) la necessite de fournir des pro cedes de calcul normalises pour
utiliser ces valeurs numeriques et

notant

a) que les "MERIT Standards" et les "IERS Standards" ont apporte
une contribution significative au progres de l'astronomie et de
la geodesie,

b) que les valeurs numeriques
de systeme de constantes
grande qualite et

de ces normes
pour analyser

(standards) ont servi
des observations de



considerant

que les procedes de calcul fournis par ces normes ne couvrent pas
la totalite de 1'astronomie fondamentale,

recommande

qu'un groupe de travail permanent soit organise par les commissions
4, 5, 8, 19, 24 et 31, en consultation avec 1'AGI et l' IERS, afin
de mettre a jour et d'ameliorer le systeme des unites et constantes
astronomiques, la liste des estimations de grandeurs astronomiques
fondamenta 1es et des procedes de ca 1cul norma 1i ses: ce groupe devra

1. preparer un rapport provisoire sur le sysieme des unites et
constantes astronomiques au plus tard six mois avant
la XXlle Assemblee generale (1994),

2, prepa rer
grandeurs
Assemblee

une liste provisoire des meilleures estimations de
astronomiques au plus tard six mois avant chaque

generale suivante,

3, preparer, au plus tard six mois avant chaque Assemblee generale
suivante, un rapport provisoire sur les procedes de calcul
normalises dont on a besoin en astronomie fondamentale, lequel

a) devrait avoir un maximum de compatibilite avec les "IERS
Standards" ,

pratique des procedes de calcul
informatiques ou d'exemples

b) devrait inclure des mises en
sous forme de programmes
eprouves,

c) devrait Hre disponible, non seulement sous forme ecrite,
mais aussi sous forme informatisee,

4, . preparer un rapport provisoire sur un possible acces
electronique a ces unites, constantes, grandeurs et procedes de
calcul, au plus tard six mois avant la XXlle Assemblee generale
(1994),

RECOMMANDATION IX

reconnaissant

qu'il n'existe pas, pour le moment, de theorie de la nutation d'une
Terre non rigide incluant tous les effets au niveau de 10- 4 seconde
de degre qui fasse l'objet d'un consensus general,



recommande

1. que. pour des besoins ne necessitant pas une exactitude sur les
angles de nutation (E or ~sinEo) meilleure que ± 0,002" (a
1 0), oQ 'peut continuer a uti 1iser la theorie de la nutation
UAI 1980 (P.K. Seidelmann, Celestial Mechanics, 27, 79, 1982),

2. que, lorsq~'on a besoin d'une exactitude meilleure que ± 0,002"
(a 10), il faut utiliser les bulletins de l'IERS qui donnent
les observations et les predictions des ecarts de position du
p6le celeste avec une exactitude de l'ordre de ± 0,0006" (a
10) pour une periode allant jusqu'a 6 mois a l'avance,

3. que l'on encourage l'UGGI a etablir et a adopter un modele de
Terre adequat pour servi r de base a une nouvelle theorie de
la nutation de 1'UAI.

CCiR

iAGIAiG

lUGG

iERS

Cami tl? Consu7tat if I nternati ana) des Radi ocommun i ca t ions

Association lnternationale de Geodesie

Union InternationaJe de Geodesie &Geophysique

Service International de 7a Rotation de ) 'Neure

Resolution No. A 5
Encouraging International Development ofAntarctic Astronomy
Encouragement pour le developpement international de l'Astrdnomie en
Antarctique

The XXIst General Assembly of the International Astronomical Union,

recognising

1. the potential for making some important classes of astronomical
observations from Antarctica that are not possible from
elsewhere on the Earth's surface,

2 the fact that the extremely dry, cold and tenuous atmosphere,
above the A~tarctic Plateau provides the best observing
conditions on Earth in the infrared, sub-mm and mm wavelength
range, and

3. the unique opportunities Antarctica offers for establ ishing
truly international bases for scientific cooperation,

and noting that

1. technological advances are greatly widening the scope for
exploiting the astronomical merits of Antarctica,

2. a Working Group of the ICSU Scientific Committee on Antarctic
Research has formally recommended (*) serious international
consideration be given to participation in designing, building
and operating a new station in the highest part of the inland
plateau,



deve Iopment in
of the natural

there is widespread concern to ensure any
Antarctica is compatible with preservation
environment,

4, some astronomical instruments in Antarctica wi 11 be well suited
to studie; of global environmental problems,

3.

5 astronomical activities and planning for new instrumentation in
Antarctica have greatly increased over the last few years, and

6, international 1inks should be increased to enhance scientific
returns,

!d.C.9n

National Committees for Astronomy and National Antarctic agencies
to establish an international astronomical base on the high
plateau

and resolves

to create a Working Group to encourage international cooperation in
site testing and in designing and constructing new
Antarctica astronomical facilities,

(*) Recommendation 6 of the Atmospheric Sciences Working Group (now divided into

two groups: Solar, Terrestria7 and Astrophysical Research & and Physics and

Chemistry of the Atmosphere) at the biennial meeting in 1990 of the Scientific

Committee for Antarctic Research.

La XXle Assemblee generale de I 'Union Astronomique Internationale,

reconnaissant

L la possibilite de faire depuis l'Antarctique plusieurs types
d'observations astronomiques importantes qui ne peuvent etre
effectuees d'aucun autre endroit sur la surface terrestre ;

2, le fait que 1'atmosphere extrement seche, froide et peu dense
au-dessus du plateau antarctique fournit les meilleures
conditions d'observation sur terre pour les domaines de
longueurs d'onde infrarouge, sUbmillimetrique et
millimHrique;

3. I 'occasion unique qu'offre I 'Antarctique d'etablir des bases
reel lement internationales pour la cooperation scientifique ;

et notant

1. que les progres technologiques augmentent considerablement les
possibilites d'exploiter les qualites astronomiques de
1 'Antarctique ;

2, qu'un Groupe de travail du Comite Scientifique pour
la Recherche en Antarctique (SCAR, de I' ICSU) a formellement
recommande (*) que soit serieusement envisagee une
participation internationale a la conception, la construction
et I 'exploitation d'une nouvelle station sur la partie la plus
elevee, DU plateau central;



3. qu'il y a une volonte tres large de s'assurer que tout
developpement en Antarctique est compatible avec la protection
de 1 'environnement naturel :

4. que certains instruments astronomiques en Antarctique seront
bien adaptes a l'etude de problemes d'envi ronnement global:

5. que les activites astronomiques et les projets de nouvelle
instrumentation en Antarctique ont considerablement augmente au
cours des dernieres annees et

6. que les cooperations internationales pour ces projets doivent
etre developpees pour ameliorer les resultats scientifiques :

demande expressement

que les instances nationales d'astronomie, ainsi que les Agences
nationales pour l'Antarctique etablissent une base internationale
pour l'astronomie sur le haut plateau:

et decide

de mettre en place un Groupe de travail afin d'encourager
la cooperation internationale pour le test des sites, la definition
et la construction de nouvelles installations et equipements pour
I'astronomie en Antarctique.

(*) 6e Recommandation du Groupe de travail en sciences atmospher1ques (maintenant

divjs~ en deux sous-groupes: Recherche astrophysique. Terre, Solei1 et Physique
et chimie de ) 'atmosphere) 10rs de 7a reunion bienna7e de 1990 du Cornite
$cientifique pour la Recherche en Antarctique (SCAR).

Resolution No. A 6
Working Group on the Prevention ofInterplanetary Pollution
Groupe de TravaIl sur la prevention de la pollution interplanetaire

The XXIst General Assembly of the International Astronomical Union,

recognising

that the pollution of the space environment in the close vicinity
of the Earth is now of serious concern, and that pollution of
the remainder of the solar system is only a matter of time,

recommends

that steps be taken immediately to ensure that interplanetary space
throughout the solar system is protected as far as possible from
all forms of pollution,

urges

the International Astronomical Union to establish an inter-
Commission Working Group on the Prevention of Interplanetary
Pollution and that the Working Group should consult widely with
COSPAR, other relevant Unions, Space Agencies and the United
Nations Committee for the Peaceful Uses of Outer Space.

COSPAR Committee on Space Research



La XXIe Assemblee generale de 1'Union Astronomique Internationale,

reconna i ssant

que la pollution de 1'espace dans un environnement proche de
la Terre pose maintenant un serieux probleme et que la pollution du
reste du systeme solaire n'est qu'une question de temps,

recommande

que des
formes
systeme

mesures soient
de pollution
solaire aussi

prises immediatement pour proteger de toutes
1'ensemble de 1'espace interplanHaire du

loin que possible.

et demande instamment

a l'Union Astronomique Internationale d'etablir un groupe de
travail inter-commission sur la prevention de la pollution
interplanHaire et que ce dernier consulte largement le Comite de
la Recherche Spatiale (COSPAR), les autres unions concernees, les
agences spatiales et le Comite des Nations Unies pour assurer une
utilisation pacifique de 1'espace.

Resolution No. A 7
joint IUGG/IAU Working Group
Groupe de Travail conjoint IUGG/JAU

The XX 1st General Assembly of the International Astronomical Union,

recognizing.

the importance of rapid determinations of Earth rotation
recommended by the International Workshop "Interdisciplinary role
of space geodesy" held In Erlce (Italy) in 1988, and

considering

the proposal made to the International Association
its Special Study Group 5.98 on "Atmospheric
the Earth's rotation" to set up a Working Group
resolution measurements of Earth rotation",

of Geodesy by
excitation of
on "High time

reguests

the Executive Committee of the International Astronomical Union to
approach the International Association of Geodesy in order to
consider the possibility of organizing a joint IUGG/lAU Working
Group for such activity,

lUGS International Union of Geodesy &Geophysics



La XXle Assemblee generale de 1 'Union Astronomique Internationale,

reconnaissant

l'importance des determinations a haute resolution temporelle de
la rotation de la Terre recommandees par le groupe de travail
international "ROle interdisciplinaire de la geodesie spatiale"
tenu a Erice (Italie) en 1988, et

considerant

la proposition faite a l'Association Internationale de Geodesie par
son groupe d'etude specialise 5.98 sur "l'excitation par
l'atmosphere d'irregularites de la rotation de la Terre" de
constituer un groupe de travail sur les "Mesures a haute resolution
temporelle de la rotation de la Terre",

demande

au Comite Executif de 1 'Union Astronomique Internationale de
prendre contact avec 1'Association Internationale de Geodesie et de
Geophysique pour envisager la possibilite d'organiser un groupe de
travail conjoint IUGG/UAI pour une telle etude,

lUGG Union internationa)e de geodesie & de geophysique

Resolution No. A 8
Catalogue Compilation
Compilation des Catalogues

The XXlst General Assembly of the International Astronomical Union,

recognizing

the great
ca ta 1ogues
particular

value to astronomical research of comprehensive
of critically evaluated data on celestial objects of

types,

urges

that appropriate support be provided by institutions and funding
agencies to those experts who are willing to devote time to
the long-term task of compiling such catalogues.

La XXle Assemblee generale de l'Union Astronomique Internationale,

reconnaissant

l' importance majeure des
critiquement selectionnees
differents types,

grands catalogues
concernant des

complets de donnees
objets celestes de

demande instamment

qu'une aide appropriee soit apportee par les institutions et
agences de fi nancement aux experts qui sont prets a consacrer du
temps a ce travail a long terme de compilation de tels catalogues,



Resolution No. A 9
Hazardous Near-Earth Objects
Objets hasardeux proches de la Terre

The XXlst General Assembly of the International Astronomical Union.

considering

that various studies have shown that the Earth is subject to
occasional impacts by minor bodies in the solar system, possibly
with serious results, and

noting

that there is a well-founded
fraction of NEO's <Natural
comets and fragments thereof)
well-determined orbits,

affirms

evidence that only a very small
Near-Earth Objects: minor planets.
has actually been di scovered and has

the importance of expanding and sustaining scientific programmes
for the discovery, continued surveillance and in-depth physical and
theoretical study of potentially hazardous objects, and

resolves

to establish an ad-hoc Joint Working Group on NEO's, with
participation of Commissions 4, 7, 9, 15, 16, 20, 21 and 22, to:

1. assess and quantify the potential threat. in close interaction
with other specialists in these fields:

2, stimulate the pooling of all appropriate resources in support
of relevant national and international programmes;

3, act as an international focal point and contribute to
the scientific evaluation. and

4. report back to the XXllnd General Assembly of the IAU in 1994
for possible further action.

La XXIe Assemblee generale de I 'Union Astronomique Internationale,

reconnaissant

que diverses etudes ant montre que la Terre est soumise a des
impacts occasionnels avec de petits corps du systeme solaire,
impacts qui ant parfois des consequences graves, et

notant

qu'il est c!airement etabli que seulement une tres faib!e
proportion des objets naturels proches de la Terre (planetes
mineures, cometes et !eurs fragments) ant de fait ete decouverts et
ont des orbites determinees avec precision,



confirme

l'importance qu'il y a d'accroHre et de soutenir les programmes
scientifiques de decouverte, de surveillance continue, et d'etude
de fond, physique et theorique, des objets potentiellement
dangereux, et

decide

d'Habl i r un groupe de travai I
objets naturels proches de la
Commissions 4, 7, g, 15, 15, 20,

ad hoc inter-commissions sur
Terre avec la participation
21 et 22, pour:

les
des

1. evaluer et quantifier le danger potentiel, en concertation avec
les autres specialistes de ce domaine

2, encourager 1a mi se en commun de toutes 1es res sources
nationales et internationales consacrees a ces programmes;

3, servir de point centralisateur international et contribuer a
1 'evaluation scientifique des travaux, et

4, rend re compte a la XXIIe
Astronomique Internationale
possibles,

Assemblee
en vue d'

generale
actions

de l'Union
ulterieures

Resolution No, B 1
Endorsement ofCommission Resolutions
Soutien des Resolutions des Commissions

The XXlth General Assembly of the International Astronomical Union'

ha v i n9

full confidence in its Commissions,

endorses

the Resolutions submitted by them to the Resolutions Committee
(pp, 71-77l,

La XXle Assemblee generale de 1'Union Astronomique Internationale,

accordant

son entiere confiance a ses Commissions,

souscrit

aux resolutions qu'elles ont soumises au Comite des Resolutions
(pp, 71-77),



Resolution No. C 1
DirectoryofAstronomical Software
Commission 5 (Documentation andAstronomical Data)
La Commission 5 (Documentations et Donnees Astronomiques)

Commission 5

considers

that the establishment of an electronically accessible directory of
astronomical software that is available and suitable for general
use would be of great value to the astronomical community.

further tonsidering

the need for an appropriate institution to providing facilities for
the compilation and maintenance of such a directory. and

requests

that astronomers provide appropriate details for inclusion in
the directory.

Resolution No. C 2
Editoriallnstructions
Commission 5 (Documentation andAstronomical Data)
La Commission 5 (Documentations et Donnees Astronomiques)

Commission 5

welcomes

the efforts being made by the editors of the major astronomical
journals to standardise their instructions to authors and

~

all editors to include the recommendations adopted by the XXth IAU
General Assembly concerning the use of SI units. the designation of
celestial objects. and the abbreviations for the titles of
journals.



Resolution No. C 3
Astronomical Telegrames
Commission 6 (Astronomical Telegramcs)
TeJegrammes Astronomiquc
La Commission 6 (TeJegrammes Astronomique)

Commission 6

noting

the indispensable character
the international astronomical
Astronomical Telegrams by
information,

of the service rendered to
communi ty by the Centra 1 Bureau for
rapid communication of critical

calls attention

to the importance of the token subvention as a demonstration of
the support of the IAU for this crucial activity,

strongly urges

the continuation of this subvention. and

fu rthe r urges

the General Secretary to maintain an appropriate subvention in
the IAU budget and negotiate a payment schedule with the Director
of the Central Bureau for Astronomical Telegrams.

Resolution No. C 4
Publication ofSolar Eclipse Information
Commissions 10 (Solar Activity) and 12 (Solar Radiation and Structure)
Les Commissions 10 (Activite Solaire) et 12 (Radiation et Structure de Solaire)

Commissions 10 &12

considering

that the United States Naval Observatory (USNO) has for more
than forty years generously provided crucial information to assist
scientists who observe solar eclipses for scientific purposes (in
the form of the Central Solar Eclipse Circulars and other
specialized calculations) and,

recognising

that the US NO plans to cease publication of the Eclipse Circulars
due to programmatic changes and plans to continue to support
scientific observations by publishing eclipse circumstances in
the Astronomical Almanac, and by providing specialized eclipse
calculations to scientific researchers,



commertd

on behalf of past and present eclipse
and staff of the USNO responsible
publication of the calculations and,

researchers, the management
for the preparation and

request

that the USNO continue to provide advance calculations for
a variety of sites in order to aid site selection and to publish
this information in Circulars or by other means and,

further commend
•all official national organizations

calculations, and urge that they continue
that prepare

thei r efforts,
eclipse

Resolution No. C 5
Long-term Solar Observations
Commissions 10 (Solar Activity) and 12 (Solar Radiation and Structure)
Les Commissions 10 (Activite Solaire) et 12 (Radiation et Structure de Solaire)

Commissions 10 &12

considering

long-term observations are essential to understand the behaviour of
such quasi-periodic phenomena that characterize solar and stellar
activity and that link the Sun to our terrestrial environment;

recommend

programmes and
to long-term

data-gathering
are essential

1. strong support for continuing
observational facilities that
research;

2. the optimization of data-gathering enterprises in order to
improve services to the research community.



Resolution No. C 6
Comet Rendezvous AsteroidFlyby (CRAP) Mission
Commission 15 (Physical Study ofComets, Minor Planets and Meteorites)
La Commission 15 (Etude Phsycique des Cometes des petites Planetes et des
Meteorites)

Commission 15

considering

current plans for the Comet Rendezvous Asteroid Flyby (CRAF)
mission, and

recognising

the need to study many alternative scenarios because of the lack of
basic data for possible target comets (P/Kopff, PlTempel 2.
PlTempel 1. P/Wild 2, P/d'Arrest, and P/Wirtanen). and

noting

that the CRAF Project Science Group is strongly encouraging
observations of these comets with ground·based, airborne, rocket­
borne, and Earth-orbit instruments; particularly to determine
the size. and spin-period of the nucleus, the orientation of
the spin-axis, and the development of outgassing and dust ejection
as the comets approach the Sun; and
that such observations are particularly desirable at the next
aphel ion and perihel ion passages through 1996; and

that such observations. must be made with good temporal coverage
and, especially near aphelion, require instruments with the highest
sensitivity.

strongly urges

all observing-time
considerations in
submitted to them.

allocation committees to take account of these
their decisions about relevant programmes



Resolution No. C 7
Expansion ofthe Minor Planets Names Committee
Commission 20 (Positions and Motions ofMinor Planets, Comets & Satellites)
La Commission 20 (Positions MOllvements des petites Planetes, des Cometes and des
Meteorites)

Commission 20,

noting

the recent disagreement between it and the Working Group on
Planetary System Nomenclature (WGPSN) concerning the proposed names
for the recently discovered satellites of Neptune,

drawing attention to

its 1985 resolution to mlnlmlze the dupl ication between the names
of minor planets and natural satell ites, and

considering

the vast potential for drawing on a number of different cultures
for the selection of names,

recommends

that its Minor Planet Names Committee. currently consisting of
the President, the Vice-President and the Director of the Minor
Planet Centre, be expanded to include more effective 1iaison with
the WGPSN, and

charges

the expanded Committee to take a more active r6le in both choosing
names and writing completed, concise citations.

WGPSN Working Group for Planetary System Nomenc7ature

Resolution No. C 8
Long-Term Observation ofFifteen Minor Planets
Commission 20 (Positions and Motions ofMinor Planets, Comets & Satellites)
La Commissions 20 (Positions MOllvements des petites Planetes, des Cometes and
des Meteorites)

Commission 20,

welcoming

the proposal of the Institute of Theoretical Astronomy (USSR) to
prolong the observational programme for 15 selected minor planets
(Nos. 1. 2, 3, 4, 6, 7, 11, 18, 35, 39, 40, 148, 382, 532 and 704)
for the period 1991-2000, and



encouraging

all observatories which have astrographs of focal length 2 m to
take part i·n ·this programme.

that the most precise reference catalogues. PPM (Positions and
Proper Motions). Fokat (Fotograficheskij Katalog. Pulkovo) and ACRS
(Astrographic Catalogue Reference System). are used for
the determination of the spherical coordinates of the planets.

Resolution No. C 9
Eph~7des ofMinor Planets
Commission 20 (Positions and Motions ofMinor Planets; Comets & SatelJjtes)
La Commission 20 (Positions Mouvements des petites Planetes; des Cometes and des
Meteorites)

Commission 20

supports

the activities of the Institute of Theoretical Astronomy (USSR) on
the elaboration of PC software packages for the provision of
ephemerides of minor planets. and

suggests

that systems 1i ke "STAMP" may be used together with the printed
annual volumes "Ephemerides of Minor Planets".

Resolution No. C 10
Data Centre at the Bureau des Longitudes
Commission 20 (Positions andMotions ofMinor Planets; Comets & Satellites)
La Commission 20 (Positions Mouvements des petites Plam':tes; des Cometes and des
Meteorites)

Commission 20

having heard

the report of the Chairman of the Working Group on Satellites. in
which is proposed the creation of a Data Centre at the Bureau des
Longitudes (France).

supports

this proposal. and

recommends

that this centre develops into an International Data Centre. as
defined in Internal Resolution of Commission 20. adopted on August
8. 1988. during the XXth IAU General Assembly.



Resolution No. C I I
Variable Star Observations
Commissions 27 (Variable Stars) and 42 (Close Binary Stars)
Les Commissions 27 (Et01Jes variables) et 42 (Et01JeS Binaires Sem~es)

Commissions 27 &42

cons i deri ng

that the systematic coverage of the long-term
the population of variable stellar objects, such as
of measurements made at Sonneberg Observatory,
contribution to Astronomy and Astrophysics.

recommend

behaviour of
the sixty years
makes a major

that all efforts
measurements and
availability of the

be underta ken
to ensure the
data archives.

to continue
appropriate

these important
maintenance and

Resolution No. C I Z
Space Scmidt Telescope
Commission 28 (Galaxies)
La Commission 28 (Galaxies)

Commission 28

recognizing

the important scientific opportunities inherent in the ASCHOT
(80 cm Space SchmidtJ project to be placed on board of the Soviet
space station in 1996, and

noting

that several of the available focal positions have not yet been
equipped with optimum detectors,

urges

astronomical institutions with detector capabilities to consider
participation in this project and further to enhance its scientific
return.



Resolution No. C 13
Archiving Spectroscopic Results
Commission 29 (Stellar Spectra)
La Commission 29 (Spectres Ste11aires)

Commission 29

considering

that a large amount of spectroscopic data has been collected on
photographic plates.

that the widest use of electronic detectors has generated a rapid
growth in the build-up of raw spectroscopic data files. and

that the information contained in such data could represent
an important source for future studies,

recognizing

the importance of safeguarding such data, and the need to create
an accessible archive of the observations,

recommends

that an IAU Working Group for spectroscopic Data Archives be set up
in order to establ ish agreed means of archiving and distributing
the spectroscopic data.

Resolution No. C 14
AstronomicalArchives
Commissions 41 (History ofAstronomy) and 5 (Documentation andAstrollOmic:t!
Data)
Les Commissions 41 (Histoire de 1'Astronomie) et 5 (Documentation et Donnees
Astronomiques)

Commissions 41 and 5

recommend

that the Union supports the initiatives taken by them

1. to establ ish a regi ster of the whereabouts of a 11 extant
astronomical archives of historical interest:

2. to impress on observatories and other institutions their
responsibility for the preservation. conservation. and where
possible. cataloguing of such archives:

3. to search for an institution that will allocate space and funds
for maintaining such a register and publishing it.



Resolution No. C 15
The use of Vacuum Wavelengths in Astronomy
Commission 44 (Astronomy from Space)
La Commission 44 (L'Astronomie apartir de l'Espace)

Commission 44

recognizing

that with the increasing availability of spectroscopic observations
in the middle and far ultraviolet provided by spectrometers in
orbit. it has become desirable to provide a uniform wavelength
scale by removing the traditional discontinuity in the expression
of wavelengths from vacuum to air across 2000 A. and

whereas

(1) there is a trend in both space and ground-based astronomy to
replace air wavelengths with vacuum values.

(2) the IAU has already agreed upon and published a simple
conversion formula between the two systems.

(3) neglect by authors to indicate which standard they are using in
this time of flux is a source of confusion.

recommends

that the IAU favors a uniform expression of vacuum wavelengths
across the entire spectrum in astronomy.

urges

since we are in a transition period. that all publications clearly
indicate which convention is being used. and

further urges

that the IAU conversion algorithm (current reference: Oosterhoff.
P.T. 1957 Trans IAU Vol. IX pp. 69. 202) be used and referenced in
articles expressing wavelengths in air.



deve loped life
for more than 30

Resolution No. C 16
Concerning Extraterrestrial Intelligence
Commission 51 (Bioastronomy: Search for Exterrestrial LIfe)
La Commission 51 (Bioastronomie: Recherche de ls vie extraterrestre)

Commission 51

considering

that searches for evidence of technological ly
elsewhere in the universe have been conducted
years by means of astronomical instruments. and

that much more extensive searches. using large radio telescopes
around the world. are about to commence.

recommends

that the astronomical community follows the guidelines for
verifying the nature of a candidate extraterrestrial intell igent
signa I and announci ng its detection. as presented in the document
from the International Academy of Astronautics and
the International Institute of Space Law entitled "Declaration of
Principles Concerning Activities Following the Detection of
Extraterrestrial Intell igence".


