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Director's Report on the Activity and Management of the BIPM, 2003, T. 4

(July 2002 - June 2003)
BIPM Publication

International Atomic Time (TAIl) and Coordinated Universal Time (UTC)

The reference time scales International Atomic Time (TAI) and Coordinated Universal Time (UTC)
have been computed from data reported regularly to the BIPM by the timing centres that maintain a
local UTC; monthly results have been published in Circular T. Since May 2003 Circular T has
provided time scales to a tenth of a nanosecond; information on the time links used in each monthly
calculation is provided in a new table. The Annual Report of the BIPM Time Section for 2002,
Volume 15, complemented by computer-readable files on the BIPM home page. give the definitive
results for 2002.

Algorithms for time scales

The algorithm used for the calculation of time scales is an iterative process that starts by producing a
free atomic scale (EAL) from which TAI is derived. Research concerning time-scale algorithms is
conducted at the section with the aim of improving the long-term stability of EAL and the accuracy of
TAL

EAL stability

Some 84 % of clocks are now either commercial caesium clocks of the HP 5071A type or active, auto-
tuned active hydrogen masers. In accordance with the report submitted to the CCTF Working Group
on TAI in January 2001 we started a process to improve the way of fixing the upper limit to clock
weights in TAI computation. The final step in the process, setting the maximum relative weight to
2.5/N, where N is the total number of participating clocks, was accomplished in July 2002. Such a
choice for the maximum relative weight leads to a better discrimination between clocks and improves
the stability of the resulting time scale. We thus expect an improvement in the stability of EAL in the
near future.

Studies on the TAI algorithm continue. An estimator has been proposed to quantify the reliability
achieved by assigning an upper limit to weights which can help in defining an optimal weighting
scheme for TAI computation.

The medium-term stability of EAL, expressed in terms of an Allan deviation, is estimated to be
0.6 x 10~ for averaging times of twenty to forty days over the period January 1999 to June 2003.

TAl accuracy

To characterize the accuracy of TAI, estimates are made of the relative departure, and its uncertainty,
of the duration of the TAI scale interval from the SI second as produced on the rotating geoid by
primary frequency standards. Since August 2002, individual measurements of the TAI frequency have
been provided by nine primary frequency standards including five caesium fountains (IEN-CSFI,
NIST-F1, PTB CSF1, SYRTE-FOM and SYRTE-FO2). Reports on the operation of the primary
frequency standards have been published in the Annual Report of the BIPM Time Section since the
beginning of 2002.
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Since August 2002, the global treatment of individual measurements has led to a relative departure of
the duration of the TAI scale unit from the SI second on the geoid ranging from +0.6 x 10" to
+1.0 x 107", with a standard uncertainty of 0.2 x 107'*,

Studies are being undertaken to better assess the accuracy of TAI and to optimize the contribution of
the different primary frequency standards.

Independent atomic time scales

The BIPM staff has been involved in the organization and elaboration of the Polish independent atomic
time scale TA(PL). Software specially devised for a limited number of clocks has been developed. For
an averaging time of about one month, the stability of TA(PL) is approximately 4 x 10",

Time links

The BIPM Time section organizes the international network of time links. Two techniques are at
present used for clock comparison in TAI: common-views of GPS satellites, and two-way satellite time
and frequency transfer (TWSTFT). Here, 52 % of the links are performed with the classical GPS
common-view technique based on C/A-code measurements obtained from single-channel receivers;
about 23 % of the links are obtained from observations with multichannel receivers, some of them
being GPS and GLONASS dual-code dual-system ones, resulting in improved accuracy for time
transfer. The TWSTFT technique provides some 17 % of the links in the computation of TAI.

A pilot experiment is under way aimed at testing the use of dual-frequency P-code measurements from
geodetic-type GPS receivers for TAI links. In addition, the BIPM Time section continues to test other
time and frequency comparison methods, such as those using phase measurements.

Global Positioning System (GPS) and Global Navigation Satellite System (GLONASS) code
measurements

i) Current work

The BIPM publishes an evaluation of the daily time differences [UTC-GPS time] and
[UTC - GLONASS time] in its monthly Circular T and routinely issues GPS and GLONASS
international common-view schedules. The international network of GPS common-view links used by
the BIPM is made up of local networks within a continent. All GPS links are corrected for ionospheric
delays using International GPS Service (IGS) maps, as well as for satellite positions using [GS post-
processed precise satellite ephemerides.

ii) Determination of differential delays of GPS and GLONASS receivers

As part of our work we continue to check the differential delays between GPS receivers which operate
on a regular basis in collaborating timing centres.

iify Standards for GPS and GLONASS receivers

The Time section continues its active involvement in the work of the CCTF Working Group on GPS
Time-Transfer Standards (CGGTTS). This has involved the ongoing development of technical
guidelines for manufacturers of receivers used for timing in global navigation satellite systems. A staff
member of the BIPM provides the secretariat of the CGGTTS.

iv) Multichannel GPS time links

Twelve multichannel GPS links are used in the computation of TAI
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v) IGS estimated ionospheric corrections

lonospheric parameters estimated by the IGS are routinely used to correct all GPS links for ionospheric
delays in regular TAI calculations. A study of the possible correlation between ionospheric parameters
and apparent variations in the hardware delays of dual-frequency receivers is under way.

Phase and code measurements from geodetic-type receivers

It will be recalled that GPS and GLONASS time and frequency transfer may also be carried out using
dual-frequency carrier-phase measurements in addition to code measurements. This technique, already
in common use in the geodetic community, can be adapted to the needs of time and frequency transfer.

Studies continue at the BIPM using the Ashtech Z12-T GPS and Javad Legacy GPS/GLONASS
receivers. The Javad serves as a reference with which the Z12-T is compared while at the BIPM. The
method developed to perform the absolute calibration of the Z12-T hardware delays allows us to use
this receiver for differential calibrations of similar receivers worldwide. Calibration trips started in
January 2001 and have continued ever since. As of June 2003, twenty such calibrations have taken
place concerning eighteen receivers. We plan to use data from such geodetic-type receivers for the
time links of TAI and a pilot experiment has been initiated to this end, using procedures and software
developed in collaboration with the ORB. As of June 2003, twelve laboratories regularly provide such
data. These studies contribute to the IGS/BIPM Pilot Project for accurate time and frequency
comparisons using GPS phase and code measurements, activities which have now been transferred to a
new IGS working group on clock products.

One of the 3S Navigation receivers in operation at the BIPM is used to collect data for the International
GLONASS Service Pilot Project (IGLOS-PP) sponsored by the IGS, in which the BIPM participates.
The objective of this project is, among others, to produce post-processed precise GLONASS satellite
ephemerides.

Two-way time and frequency transfer

Two meetings relating to TWSTFT activities have been held since October 2002. The BIPM collects
two-way data from twelve operational stations and undertakes treatment of some two-way links. Nine
TWSTEFT links have been introduced into the computation of TAI; some others are in preparation for
their introduction into TAIL The BIPM is also involved in the calibration of two-way time-transfer
links by comparison with GPS. The Time section continues to issue BIPM TWSTFT reports and a staff
member of the BIPM provides the secretariat for the CCTF Working Group on TWSTFT.

Uncertainties of TAl time links

Work was undertaken to evaluate the Type A and Type B uncertainties of TAI time links, with the aim
of publishing them in Circular T. Mainly because of lack of calibration, the Type B uncertainties of
GPS links can reach several tens of nanoseconds. This underlines the urgent need for calibration of
TAI time links.

Pulsars

Collaboration is maintained with radio-astronomy groups observing pulsars and analysing pulsar data
provided that it is of interest for us to study the potential capability of millisecond pulsars as a means
of sensing the very long-term stability of atomic time. The Time section provides these groups with its
post-processed realization of Terrestrial Time. The collaboration continues with the Observatoire Midi-
Pyrénées (OMP) in Toulouse on a programme of survey observations.
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Space-time references

Uniformity in the definition of space reference systems plays an increasingly important role in basic
metrology, particularly for astro-geodetic techniques that contribute to the International Earth Rotation
Service (IERS). Since 1 January 2001, a collaborative effort between the BIPM and the USNO (United
States) provides the Conventions Product Centre (CPC) of the IERS. The new edition of the /ERS
Conventions (2003) has been finalized and will be published after its approval by the IERS Directing
Board. This is a 150 page document summarizing the models, constants and procedures used for data
analysis in the IERS, and for the astrometry-geodesy community at large.

Following the work of the BIPM/IAU Joint Committee on Relativity for Space-time Reference
Systems and Metrology which ceased activity in 2001, efforts continue to promote the diffusion of the
IAU Recommendations adopted in 2000.

Activities relating to the realization of reference frames for astronomy and geodesy are being
developed by E.F. Arias in cooperation with the IERS and with Argentine laboratories.

Other studies

A test of Lorentz invariance was carried out in collaboration with the BNM-SYRTE (Paris
Observatory) and the University of Western Australia by comparing the frequencies of a hydrogen
maser and a cryogenic sapphire microwave oscillator. We determined the variation of the oscillator
frequency as a function of its orientation (Michelson-Morley test) and of its velocity (Kennedy-
Thorndike test) with respect to a preferred frame candidate. The limits obtained for the corresponding
parameters of the Mansouri and Sexl test theory are of the same order as the best previous limits for
the first test and represent a fiftyfold improvement for the second one. This project was carried out
during a one-year stay of P. Wolf at the BNM-SYRTE on a CNES research grant. The experiment is
still running under improved conditions while theoretical work is under way concerning the use of the
experiment as a test of the recently developed standard model extension (SME) that parametrizes the
violation of Lorentz invariance and CPT symmetry.

Under the same collaboration, studies remain in progress on the possible use for international
timekeeping of highly stable and accurate space clocks, in particular those that will be operated within
the ACES (Atomic Clock Ensemble in Space) experiment on board the International Space Station in
2006. With relative uncertainties expected in the low 107'® region, such developments will be
extremely important for the improvement of TAI accuracy and for experiments in fundamental
physics. Recently the work has focused on preparing the data treatment for the ACES microwave link,
which is expected to improve present frequency transfer capabilities by one order of magnitude or
more.

Publications, lectures, travel: Time section

External publications

1. Arias E.F., Bouquillon S., Gontier A.-M, Maintenance and extension of the ICRF: validation of
individual celestial reference frames, IERS Annual Report 2002, Bundesamts flir Kartographie und
Geodisie, 2003, 54-57.

2. Azoubib J., Nawrocki J., Lewandowski W., Independent atomic time scale in Poland — organization
and results, Metrologia, 2003, 40, S245-S248.

3. Bogdanov P., Zholnerov V., Kovita S., Lewandowski W., Azoubib J., de Jong G., Imae M., Nawrocki
J., Analysis of GLONASS and GPS time transfer using multi-channel receivers, Proc. 16th EFTF,
2002, A-011-A-013.



{2

10.

89

Defraigne P., Senior K., Ray J., Petit G., Time transfer within the IGS and links to TAI, Proc. URSI
XXVIIth General Assembly, 2002, Session AC1.03 (750), 4 pp.

Petit G., Comparison of “old” and “new” concepts: Coordinate times and time transformations, /ERS
TN 29: Proc. [ERS Workshop on the implementation of the new IAU resolutions, 2002, 19.

Petit G., Evaluating the accuracy of TAI with primary frequency standards, Proc. URSI XXVIith
General Assembly, 2002, Session A3.01 (796), 4 pp.

Petit G., Towards an optimal weighting scheme for TAI computation, Metrologia, 2003, 40, S252-
S256.

Petit G., The new IAU2000 conventions for coordinated times and time transformations, Journées
2001 Systémes de Référence Spatio-Temporels, 2003, 163-168.

Weiss M., Zhang V., Jensen M., Powers E., Klepczynski W., Lewandowski W., lonospheric models
and measurements for common-view time transfer, Proc. IEEE/EIA Int. Freq. Contr. Symp., 2002,
517-521.

Wolf P., Bize S., Clairon A., Luiten AN, Santarelli G., Tobar M.E., Tests of Lorentz invariance using
a microwave resonator, Phys. Rev. Lett., 2003, 90(6), 060402.

BIPM publications

11.
12,
13:
14.
15.

16.

Annual Report of the BIPM Time Section (2002), 2003, 15, 96 pp.
Circular T (monthly), 6 pp.

Azoubib J., Lewandowski W., BIPM TWSTFET Reports, 21 pp.

Petit G., Uncertainties on time links used for TAI, TM 124, March 2003.

Petit G., Jiang Z., Long-term comparison of GPS P3 links with other techniques used for TAI,
TM 126, May 2003.

Lewandowski W., Moussay P., Determination of the differential time corrections between GPS time
equipment located at the OP, NPL, VSL, OCA, Rapport BIPM-2003/04, 2003, 27 pp.

Lewandowski W., Moussay P., Determination of the differential time corrections between GPS time
equipment located at the OP, NTSC, CRL, NMlJ, TL, NML, Rapport BIPM-2003/05, 2003, 30 pp.






OFF’7 Diffusion
23, rue des Alouettes
95600 EAUBONNE
Tél.: 01395916 16
Dépot 1égal : juillet 2004






	1.pdf
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

