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Terrestrial Time TT, which does not follow the general rule for the
definition of time coordinates, because its scale unit is by definition
equal to the SI second on the rotating geoid. Terrestrial Time is
considered to be an ideal form of TAI apart from the 32,184 s offset
between the two scales. The President pointed out that this Resolution
is fundamental for further work in the fields of space-time references
and will help to unify the scientific world in the sense that the SI units
are introduced as the basis of all measurements. Dr Winkler emphasized
that the IAU has again expressed its vital interest in the establishment
and dissemination of stable time scales necessary for any long term
observations.

Dr Allan mentioned a workshop to be organized by the IAU on
millisecond pulsar timing. The President asked him to ensure that
invitations to this workshop are sent to the CCDS members.

3.2 International Radio Consultative Committee

At the request of the President, Dr Stecle reported on the activities
of the International Radio Consultative Committee (CCIR), now the
Radiocommunication Bureau of the International Telecommunication
Union (ITU), of interest to the CCDS. Dr Steele noted, in particular,
that the former Study Groups 2 and 7 have been merged in a new
Study Group 7 (Science Services) which also covers space research and
radioastronomy. Time signals and frequency standard emissions are dealt
with in Working Party 7A under the chairmanship of Prof. Leschiutta.
Mr de Jong is the Chairman of Task Group 7/2 dealing with standard
frequency and time signals from satellites.

Two recommendations were passed in 1992 : Recommendation 538-2
on frequency and time instability measures and Recommendation 767
on the use of GPS and GLONASS for high-accuracy time transfer.

Dr Lepek asked for revision of the CCIR Recommendation 458-2 which
specifies that time markers having a negligible time departure from UTC(k)
should be immediately accessible’ in a time-keeping laboratory k. According
to him, this requirement is not useful. In reply, Dr Thomas explained that
it is absolutely necessary for the BIPM, so that it may produce TAI to
the agreed schedule, that each laboratory k should report its clock and
time comparison data directly related to UTC(k), without retrospective
correction. The task is easier if a hardware UTC(k) is realized in (near)
real-time in laboratory k. Dr Lepek was asked to initiate a contribution
on this topic to the CCIR, through the ITU representatives of Israel.

At the request of Prof. Dorenwendt, Dr Steele explained that the
system of documentation used by the CCIR will change significantly.
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The CCIR will continue to issue recommendations, but, instead of
publishing periodically updated reports, the emphasis is now on
handbooks which contain the relevant background information.

3.3 International Union of Radio Science

Dr Steele then reported on a resolution (Commission A, A.1. Accurate
Time Comparison) of the last General Assembly of the International
Union of Radio Science (URSI), which asked the agencies responsible
for the operation of satellite based navigation systems to refrain from
degrading their services in view of the uses now made of these systems
by the scientific community. Dr Winkler expressed the view that this
resolution has had no noticeable effect, but was convinced that the
accumulated effect of numerous demands of this kind might eventually
convince the authorities.

3.4 Working Group on Improvements to TAI

The President invited Dr Winkler to present the conclusions of the
Working Group on Improvements to TAI which had organized the
second meeting of time laboratories representatives during the days
preceding the CCDS session. Three topics were discussed and were
reported in the order of their importance :

— scientific aspects of the formation of TAI: algorithms, data
collection and data processing ;

— availability of high precision means for time comparisons such
as GPS and GLONASS satellite systems, two-way satellite time transfer,
Laser Synchronization from Satellite Orbit (LASSO) and Very Long
Baseline Interferometry (VLBI) ;

— economic and manpower considerations for the contributing
laboratories.

Dr Winkler said that different items discussed during the meeting
could be the subjects of eventual CCDS recommendations. The President
expressed his thanks to the Working Group for their preparatory activities
and to Dr Winkler, who had chaired its work. He then proposed to
discuss one of these items, about the need for improving worldwide
time coordination to UTC. According to Dr Allan, this would greatly
assist synchronization of telecommunication networks. After discussion
and some re-wording, Recommendation S 5 (1993) was unanimously
passed. The other topics which had arisen during the meeting of the
Working Group on improvements to TAI were considered in the course
of the CCDS meeting.



iRl o B

3.5 Group on GPS Time Transfer Standards

At the President’s invitation Dr Allan gave an account of the
comprehensive work done by the Group on GPS Time Transfer Standards
(GGTTS) (Doc. CCDS/93-23), a sub-group of the Working Group of the
CCDS on improvements to TAI In particular he expressed his thanks to
Dr Thomas for serving as the Secretary of the Group. The Group held
its second meeting in June 1992 (Doc. CCDS/93-12). During the days
preceding the CCDS, the Group prepared a text which contains a detailed
technical description of the short-term data reduction procedure and of
the data format, and forwarded it to the CCDS for further consideration.
In going through a list of effects which limit the accuracy of time
comparisons made with GPS, Dr Allan explained how rules of stand-
ardization might help to make full use of the potential of the GPS system.
From his work in the Civil GPS Service Interface Committee, he also
mentioned a memorandum of understanding between the US Departments
of Defence and Transportation which ensures that all necessary information
about the GPS system are made available to civil users.

The President expressed his thanks to the Group and its Chairman,
and the CCDS requested that the Group continue its activities. During
the discussions Dr Thomas and Dr Sullivan pointed out that the
implementation of Selective Availability (SA) will in all cases be an
impediment to the use of the GPS system, even if, to some extent, means
have been devised to circumvent it. Dr Winkler mentioned the possibility,
when SA is operational, of improving real-time access to GPS time by
averaging measurements made simultaneously on numerous Block II
satellites. The questions of absolute and relative calibration of the equipment
were also discussed. Finally the CCDS agreed upon the text of Recommen-
dation S 6 (1993), which emphasizes these problems and recommends the
implementation of the technical directives produced by the Group on GPS
Time Transfer Standards. At the request of Dr Bauch, Dr Allan confirmed
that three manufacturers had expressed their willingness to modify their
receiver software according to these directives.

3.6 Two-way satellite time transfer

At the President’s invitation, Dr Lewandowski spoke on the activities
of the BIPM ad hoc Working Group on Two-Way Satellite Time
Transfer, in particular about the second meeting of this Group (Doc.
CCDS/93-13) held in October 1992. Its work is based on declaration
1989/1 of the CCDS. In practice two-way satellite time transfer has not
been pursed very actively during the last few years, for both technological
and administrative reasons. At present, four types of modem are available
or are under development — MITREX, SATRE, ATLANTIS and NIST —
but problems of mutual compatibility exist. However, a few successful
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experiments have been conducted. A two-way satellite time transfer
experiment was carried out between the OCA (France) and the TUG
(Austria) using an EUTELSAT satellite at 7° East, with MITREX
modems. The precision of the observational points obtained is smaller
than 1 ns and the accuracy estimation is 1,7 ns (1 o). Recently, the
results of links between the PTB and the FTZ in Germany using
DFS-Kopernikus 2, and between the TUG and the USNO using
INTELSAT VA(F13) at 307° East, have also been published. The
two-way satellite time transfer appears to be an efficient tool for real-time
time comparisons when the modems used also have the capability of
transferring local measurements to the other station. For now, it remains
that no standards exist for data handling and evaluation. The CCDS
agreed to convert the ad hoc Group to a permanent CCDS Working
Group with the task of assisting the establishment of regular two-way
experiments and their evaluation, and of preparing a standard format
for data exchange. Dr Thomas will chair this Working Group.

4. Synchronization of clocks using satellites

The President called for contributions dealing with the use of satellite
systems for time comparisons and invited Dr Koshelyaevsky to begin by
reporting on the Russian Global Navigation Satellite System GLONASS
(in part in Doc. CCDS/93-20). Within Russia this system has been available
for use since 1990 and the results of comparisons between different timing
centres inside the country were given. The most important information
was that at present 13 satellites are useable, spread out in two planes of
constellation, In 1995, the full constellation will contain 24 satellites in
three planes. The GLONASS Interface Control Document states that
’.no deliberate means are used for the deterioration of the GLONASS
navigation parameters’. In the future, a GLONASS Information Centre
will furnish current information on the system.

The coordination of both systems, GPS and GLONASS, was discussed
and, on request, Dr Lewandowski explained a possible common view
schedule for GLONASS time comparisons. Finally, agreement was reached
on the text of Recommendation S 3 (1993), which was passed unanimously.

The next question addressed by the CCDS concerned the eventual
need for a CCDS recommendation asking for protection of GPS and
GLONASS from harmful interference from other services. Dr Steele
spoke strongly against such an action, explaining that the forum in
which international frequency allocations are made is the International

* Bolshevo-1, Moscow region, 141090, Russia.
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Telecommunication Union (ITU). He noted that the GLONASS system
is partially in conflict with the current regulations. The President
concluded that the CCDS should not produce any recommendation on
this point.

The next subject considered was the use of hydrogen masers in space.
Dr Thomann described plans to fly two compact active hydrogen masers
on board a Russian METEOR III satellite intended which will be
launched in 1996 in a joint Russian-European Space Agency (ESA)
project. This is part of a study on time dissemination using microwave
links, which should allow high precision time and frequency comparisons
to be made without the need for common-view techniques. During this
flight, the maser will be tested to ensure its qualification for future VLBI
space applications.

The President then asked for two more contributions dealing with
two-way satellite time transfer. Dr Kirchner gave an overview of past
and present activities in this field (Doc. CCDS/93-5). The TUG has
been actively involved in two-way time transfer with the USNO, and
was involved in LASSO experiments when the reflecting satellite could
be seen from the laser station in Graz. For details, he referred to the
reports of Dr Thomas and Dr Lewandowski. Mr de Jong explained
that the VSL equipment is almost ready for use with INTELSAT for
two-way time transfer. He also addressed detailed work on the calibration
of two-way equipment which had been done at the VSL using a satellite
signal simulator (Doc. CCDS/93-14). The final accuracy of the calibration
was estimated to be 2 ns. Dr Kirchner and Dr Douglas commented
that not all internal modem delays can be calibrated individually using
a satellite signal simulator. Mr de Jong indicated that the internal
modem delays were also measured, but for this purpose the modem
unit had to be opened and a temporary modification had to be performed.

The President reported on the current status of the LASSO experiment,
showing the latest results of comparisons between the Observatoire de
la Céte d’Azur (OCA), France, and the McDonald Astronomical
Observatory, Texas, USA. The statistical treatment of each observational
point reveals a precision of order 100 ps (1 o) in the time scale
comparisons, the successive observational points showing a dispersion
of 0,5 ns. On request, Dr Lewandowski explained preliminary work on
comparing the LASSO link with a GPS common-view link, calibrated
with an accuracy of 10 ns. The data points are systematically offset by
190 ns, an offset which may be caused by the use of uncalibrated laser
firing equipment. To encourage space agencies to fly a LASSO package
on satellites, a draft recommendation was proposed and the topic opened
for discussion. There was general agreement that activities in this field
should be continued. The President proposed to refer to these activities



— S 61 —

under the acronym LASSO, which is already very widely known. He
suggested a slightly different meaning, namely 'LAser Synchronization
from Satellite Orbit’, instead of ’Stationary Orbit’, so that it could also
be applied to a non-geosynchronous orbit. Finally, Recommendation
S 4 (1993) was adopted by the CCDS with one abstention.

5. Implications of general relativity for the metrology of time

In April 1992, Prof. Guinot proposed to the CIPM the formation
of a Working Group on the Application of General Relativity to
Metrology (Doc. CCDS/93-21). The President reported that the CIPM
had approved the establishment of this Working Group and had invited
the CCDS to arrange for its creation. He then asked Prof. Guinot to
outline the reasons for his suggestion. Prof. Guinot explained that the
effects of general relativity on time measurements are by no means
negligible compared with the accuracy of primary clocks, or with that
of time comparison methods employing satellites. Corrections are, of
course, applied at present, but some practical difficulties have been
identified. These arise from ambiguous definitions, insufficient documen-
tation and multiple sign and notation conventions. He proposed that
an explanatory report, based on well established grounds, be issued :
he noted that this would be of assistance to metrologists and others in
the practical application of general relativity.

In the subsequent discussion some delegates expressed the opinion
that the text should focus primarily on applications and allow the
limitations of the rules currently in use to be identified. To accomodate
frequency standards which might be accurate to levels approaching 1 part
in 10'¢, the text should also deal with the definition of the geoid and
the gravitational potential at the actual sites of time laboratories. Mr
Wolf reminded the Committee that the text of the explanatory report
would also have to address the problem of the distinction between
proper units and time coordinates. The President summarized the
discussion, noting that the need for an explanatory text was evident.
He asked Prof. Guinot to be the chairman of this new CCDS Working
Group. A document listing the terms of reference to be submitted to
the CIPM was accepted unanimously after further discussions.

The Working Group on the Application of General Relativity to
Metrology is entrusted with the following tasks.

1. Preparation of a report on the interpretation and use of SI units
in the framework of the Theory of General Relativity.

The report should be oriented toward practical applications for
weak gravitational fields and low velocities (with respect to the
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velocity of light). In this spirit, it should indicate, possibly by
examples, when a relativistic treatment of the measurements becomes
necessary.

In addition to providing an interpretation of the existing definitions
of the units, it should give an unambiguous definition of International
Atomic Time, TAI, and describe the synchronization convention for
worldwide time metrology. The report should give the most useful
formulae, with indications on their range of validity.

The report should suggest a unified system of notations and sign
conventions for quantities used in relativistic applications.

2. Studies on the consequences of the increasing accuracy of the
realizations of the SI units.

New problems will arise with the increasing accuracy of the
realizations of the SI units, especially for time and length. These
should be considered by the Working Group in order to prepare
the decisions which will have to be taken so that, as far as possible,
they satisfy all interested parties.

6. Pulsar time

At the request of the President, Mr Petit presented the current status
of pulsar observations and data on pulsar timing. Mr Petit reported
that data are currently available from the observatories at Arecibo
(Puerto Rico, USA), Nangay (France) and Greenbank (Virginia, USA),
but that the first two sites may be unavailable in the near future as
equipment is being upgraded. After the upgrades, an increased sensitivity,
which will yield a reduced measurement noise, is expected. Other sites
involved are in Japan, Australia and the United Kingdom.

One of the problems in data evaluation is the signal propagation
delay in the interstellar medium. Observations at more than one frequency
have so far not given conclusive results. The data treatment at present
includes the fitting of up to nine parameters (sixteen for binary pulsars),
including the position and proper motion of the pulsar, the period and
the time-derivative of the period of its rotation. For this reason a pulsar
time scale can be meaningfully compared with atomic time only for
integration times greater than two years, up to about one third of the
total time of observation. At present, long-term data are available only
for the two millisecond pulsars, PSR1937+21 and PSR1855+09, and
the instability of the comparison data with atomic time shows, for both
of them, a flicker level of several parts in 104, Mr Petit pointed out
that some contributions to noise and systematic error may be averaged
out by observing several pulsars. He then proposed that a pulsar time
scale based on data from an ensemble of pulsars observed simultaneously
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over several years, be formed in order to exhibit and monitor the
long-term variations of TAL Dr Allan emphasized that it is now possible
to observe pulsars which have orthogonal space coordinates, which
ensures a greater independence of systematic errors of observation.

To conclude, it appeared that more pulsar timing data are needed
and the President called for discussion about a recommendation
encouraging the observation of millisecond pulsars. Dr Winkler was
much in favour of such a recommendation which would strengthen the
mutual relationship between the time and radioastronomy communities.
He suggested that the CCDS should also recommend that the pulsar
community report in detail to the BIPM on the data evaluation procedure
and so make the data simpler to interpret. Dr Douglas strongly supported
this opinion. After a lengthy discussion on the appropriate wording, the
CCDS unanimously passed Recommendation S 2 (1993).

7. Other business

In reply to a question from Dr Granveaud, the Director of the
BIPM explained his policy concerning work done by the BIPM for
states that are not members of the Convention du M¢étre. In respect of
calibrations, he said that when time and resources permit these are
undertaken and an appropriate charge is made. He reminded the
Committee that calibrations for member countries are free of charge.
The resources of the BIPM being very limited, other kinds of assistance,
particularly those related to training of metrologists from developing
countries, cannot be offered. Requests for such assistance are passed on
to the major national laboratories. As regards contributions to TAI
from laboratories of non-member countries he said that at present there
is only one such case, that of the Republic of Cuba. Since the marginal
cost of taking this data and providing the time link between UTC and
the local realization of UTC kept by Cuba is very small, he considers
it correct to do so without any charge, taking into account the desirability
of spreading TAI and UTC as widely as possible. Were the number of
such cases to increase significantly, however, such a policy would have
to be reviewed. Dr Winkler expressed the view that interested non-member
countries could be persuaded to join the Convention du Métre by the
BIPM refusing to take their time data. The Director replied that, in
the case of Cuba, discussions had taken place on the possibility of its
joining the Convention, but to Cuba the cost of so doing remains an
impediment.

In thanking Dr Winkler for the generous loan of a caesium clock,
and mentioning other generous loans from the NIST and some private
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companies, the Director of the BIPM reminded members of the Committee
that his request to the 19th Conférence Générale in October 1991 for
additional funds to meet the costs of developing the Time section at
the BIPM had been refused. In the present climate of financial restraint
he said that such assistance in kind was of great value to the BIPM
and is very much appreciated. Dr Winkler replied, strongly supporting
the work on time at the BIPM.

Concluding the meeting, the President thanked the present members
of the CCDS for their constructive collaboration and the members of
the BIPM Time section for their excellent work over the years and
during the meeting. He especially thanked the chairmen of the working
groups, Dr Allan and Dr Winkler.

June 1993, revised October 1993

Recommendations
of the Comité Consultatif pour la Définition de la Seconde
submitted
to the Comité International des Poids et Mesures

Accuracy of primary frequency standards

ReEcOoMMENDATION S 1 (1993)
The Comité Consultatif pour la Définition de la Seconde

considering

— that new configurations of primary frequency standards have been
proposed that appear to have a high potential for accuracy,

— that the accuracy of an increasing number of primary frequency
standards is now approaching the level of one part in 10'4,

— that at this level of accuracy certain corrections should be made
that were previously considered insignificant or not sufficiently well
known ; these include for instance those related to the ac Stark shift
due to black body radiation,

— that the magnitude of frequency biases such as those related to
atomic collisions and possible departures from the Breit-Rabi law are
not presently known,

— that it is important to account for all systematic effects,

— that in the past evaluations of the accuracy of primary frequency
standards have not always been fully documented and published,
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— that an essential step in establishing confidence in the accuracy
of primary standards is the international comparison among independent
standards of different designs,

— that the steering of TAI has been based upon the stated accuracies
of these primary standards,

recommends

— that different configurations of primary frequency standards should
be realized and studied in detail along with the established ones,

— that all corrections including those not previously considered
significant be studied in detail,

— that reports on the accuracy of primary frequency standards
should include a full account of uncertainties expressed in a manner
consistent with the ’Guide to the Expression of Uncertainty in
Measurement’,

— that primary frequency standards be compared using the best
means available,

— that the results of these comparisons including the above reports
be communicated to the BIPM.
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Timing of millisecond pulsars

RECOMMENDATION S 2 (1993)

The Comité Consultatif pour la Définition de la Seconde,

considering

— that the stability of the drift-corrected frequency of some millisecond
pulsars is comparable to the stability of atomic frequency standards for
averaging times longer than one year,

— that independent data from different pulsars may allow their
combination to be used to provide a highly stable scale,

recommends

— that radioastronomy observatories already timing millisecond
pulsars carry on regular observations and continue the search for new
pulsars,

— that other observatories initiate programmes of observations for
the timing of millisecond pulsars, aiming at a sub-microsecond
measurement noise,

— that reports on the timing data and data reduction procedures
be communicated to the Bureau International des Poids et Mesures
(BIPM) noting that privacy of the data can be maintained if desired.
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International schedule for GLONASS common-view time comparisons

RECOMMENDATION S 3 (1993)

The Comité Consultatif pour la Définition de la Seconde

considering

— the need for an additional operational system for time transfer
and comparison at the highest possible level of accuracy over
intercontinental distances,

that the Russian Global Navigation Satellite System (GLONASS)
has been demonstrated to provide common-view time transfer with an
uncertainty below 25 ns,

— that GLONASS is a comparable system to the Global Positioning
System (GPS) and is anticipated to have a similar important utility,

— the extensive favourable experience gained over many years from
the wide use of GPS satellites for time transfer under an international
common-view tracking schedule,

— that fully automated GLONASS time transfer receivers are now
becoming commercially available,

recommends

— that the Bureau International des Poids et Mesures (BIPM) issue
a regular international GLONASS common-view tracking schedule in
order to allow time laboratories to develop GLONASS time transfer
techniques,

— that the BIPM draw up a standard GLONASS data format to
allow time laboratories to use a unified data presentation.
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Clock comparison by satellite laser techniques

RecoMMENDATION S 4 (1993)

The Comité Consultatif pour la Définition de la Seconde,

considering

— the need for long distance time transfer at the highest possible
level of accuracy,

— that successful time transfer with a precision of 100 ps has been
achieved between Western Europe and North America using LASSO
(Laser Synchronization from Satellite Orbit) experiment,

— that time transfer techniques, such as GPS, GLONASS and
two-way satellite time transfer, need an independent means of assessment
of their accuracy,

— that solutions have been proposed that may lead to clock
synchronization by laser techniques using non-geostationary satellites,

recommends that the space agencies consider the installation on their
satellites of appropriate equipment for clock comparison by satellite laser
techniques.
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Need to improve worldwide time coordination to UTC

RecoMMENDATION S 5 (1993)

The Comité Consultatif pour la Définition de la Seconde,

considering

— that the widespread use of improved frequency standards has led
to requirements for increased coordination to UTC,

— that this is expected to lead to pressure for increased short-term
stability and availability of UTC, for instance from national telecommu-
nication systems attempting to synchronize to UTC within 100 ns
(standard deviation) without incurring large changes in rate for clocks
within such systems,

— that the technical problems involved in high-accuracy time
coordination are complex and not yet fully understood,
recommends

— that the BIPM and the laboratories that contribute to TAI take
cognizance of these developing requirements,

— that time centres provide information to facilitate time coordination
to UTC in real time with a goal of 100 ns, standard deviation, when
this is feasible,

— that the technical problems implicit in this goal be carefully
studied.
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GPS time transfer standardization

RECOMMENDATION S 6 (1993)

The Comité Consultatif pour la Définition de la Seconde,

considering

— that the common-view method for the observation of satellites of
the Global Positioning System (GPS), is one of the most precise and
accurate methods for time comparison between remote clocks on the
Earth or in its close vicinity,

— that this method has the potential for reaching an accuracy
approaching 1 ns,

— the need for removing the effects of Selective Availability (SA),

— the lack of standardization in GPS timing receiving equipment,

— the need for absolute as well as relative calibration of GPS timing
receiving equipment,

recommends

— that GPS timing receiver manufacturers proceed towards the
implementation of the technical directive produced by the Group on
GPS Time Transfer Standards,

— that methods be developed and implemented for frequent and
systematic calibration of GPS timing receiving equipment.



APPENDIX S 1

Working documents
submitted to the CCDS at its 12th Meeting

(see the list of documents on page S 31)






TABLE DES MATIERES
TABLE OF CONTENTS

COMITE CONSULTATIF POUR LA DEFINITION DE LA SECONDE

12¢ session (1993)
12th Meeting (1993)

Pages
Liste des sigles utilisés dans le présent volume . . . . .. ... .. ......... v
List of acronyms used in the present volume . . . . .. ... .. ... ....... v
Le BIPM et la Convention du Métre . . . . . .. .. ... ... ... ....... IX
Liste des membres . . . . . .. .. .. ... XI
Ordre du jour . . . . . . L e e e XIvV
Rapport au Comité international des poids et mesures, par A. Bauch . ... ... S1
1. Progrés des étalons atomiques de fréquence et des horloges ... ... .. S3
2. Rapport d’activité de la section du temps du BIPM . ... ... ... ... S11
3. Comptes rendus d’autres réunions . . . . . .. ... ... S14
3.1 Union astronomique internationale . . . ... ............... S14
3.2 Comité consultatif international des radiocommunications . . ... .. S15
3.3 Union radioscientifique internationale . . ... ... ... ........ S16
3.4 Groupe de travail sur Pamélioration du TAI . .. ... ......... S 16

3.5 Groupe sur la normalisation des comparaisons d’horloges utilisant le
GPS i v i s mams b im i s i G B E RG G § G B GV E R F TS S17
3.6 Comparaisons d’horloges par aller et retour sur satellite .. ... ... S 18
4. Synchronisation des horloges au moyen de satellites . . . .......... S18
5. Implications de la relativé générale dans la métrologie du temps . . ... S 20
6. Temps des pulsars . . . . . . . . . ... S22
T:. Quiestions: dIVEISES’ « s 5+ 5 & 5 4 ¥ ¢ % B 5 5 8 Bw w FF o« m o e e e e e e $23
Recommandations présentées au Comité international des poids et mesures . . . . . S 25
S 1 (1993) : Exactitude des étalons primaires de fréquence . . . ... ... .. S$25
S 2 (1993) : Chronométrie des pulsars-milliseconde . ... ... ... .. ... S26

S 3 (1993) : Horaire international pour les comparaisons d’horloges a I'aide du
systtme GLONASS en vue simultanée . ... ... ........ S27



— 874 —

S 4 (1993): Comparaison d'horloges a 'aide de techniques par laser visant des
satellites . . . . . oL

S 5 (1993) : Nécessité d’améliorer la synchronisation mondiale avec 'UTC
S 6 (1993): Normalisation des comparaisons d’horloges utilisant le Global
Positioning System . . . . .. ...
ADNEXE 5 pue s ¢ ¢ 5 G Ge6s SRR § § FONENE ¢ v w0 8 8 5 0w B G NN WaY

S 1. Documents de travail présentés a la 12° session du CCDS . . ... ...

English text of the report

Note on the use of the English text. Note sur I'utilisation du texte anglais
The BIPM and the Convention du Meétre . . . . .. ... ... ... .......
List of members . . . . . . . ... .. e

AENAA o i v s s v B e e e s v 5 S R B § B 5§ B B s

Report to the Comité International des Poids et Mesures, by A. Bauch . .. ...
1. Progress in atomic frequency standards and clocks . . . ... ... .. ...
2. Report of the BIPM Time section . .. ............. e 4 RUa

3. Reports on iother meetings « = i : ¢ 5w 2 ¢ wow sm 5 6 56 5 5 5 5055 W w6
3.1 International Astronomical Union . . ... ... ... ..........
3.2 International Radio Consultative Committee . .. ... ..... ., ...
3.3 International Union of Radio Science . . . ... .............
3.4 Working Group on Improvements to TAL . . ... ...........
3.5 Group on GPS Time Transfer Standards . . . .. ... .........
3.6 Two-way satellite time transfer . . . . .. ... .. ... .........

. Synchronization of clocks using satellites . . . ... .............

4

5. Implications of general relativity for the metrology of time . . ... .. ..
6. Pulsar time: « - s s s s s smum s s s @mss s mm slos vmm ¢ 3% wim s Ko s
7

L OtHEr DUSINESS .« wov v v v oo v v ppimo o v o aiie w o fhe wte » wide ST 3 WA S5

Recommendations submitted to the Comité International des Poids et Mesures
S 1 (1993): Accuracy of primary frequency standards . ... ... ... ...
S 2 (1993) : Timing of millisecond pulsars . . .. ... ... ... .. .....

S 3 (1993) : International schedule for GLONASS common-view time
COMPATISONS & &« v v v e e et e et e e e e e e e e

S 4 (1993) : Clock comparison by satellite laser techniques . .. .. .. ...
S 5 (1993) : Need to improve worldwide time coordination to UTC . . . ..
S 6 (1993) : GPS time transfer standardization . ... .............

AppendiX . . ... e

S 1. Working documents submitted to the CCDS at its 12th Meeting (see
page S31) . . .. e

S28
S 29

S 30

S31
S31

S35
S 37
S 39
S 42

S43
S 45
S53

S 55
S55
S 56
S57
S57
S 58
S 58

S 59
Se6l
S 62
S63

S 64
S 64
S 66

S 67
S 68
S 69
S70

S71

S71









IMPRIMERIE DURAND

28600 LUISANT (FRANCE)

Dépot légal : Imprimeur, 1993, n° 8260
ISBN 92-822-2129-6
ISSN 0588-6228

ACHEVE D'IMPRIMER : NOVEMBRE [993

Imprimé en France











